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Abstract

Purpose To compare outcomes between transdiscal and

conventional pedicle fixation for high-grade L5-S1
spondylolisthesis.
Methods This was a retrospective case—control study with

patients prospectively followed. Twenty-five consecutive
patients with mean age of 36.7 years underwent transdiscal
fixation, and 31 other with mean age of 42.0 years to
pedicle fixation were clinically and radiographically com-
pared. Clinical assessments were performed using Oswes-
try Disability Index (ODI), Core Outcomes Measures Index
(COMI), Short-Form 12 (SF-12), and pain visual analog
scale (VAS). Radiographic spinopelvic parameters were
also evaluated. The mean follow-up was 2.7 years (range
2.0-5.3).

Results Preoperative data were comparable between
groups. Surgery time, blood loss, and hospital stay were
similar between groups. At last follow-up, clinical and
radiographic outcomes were significantly improved in both
groups. Postoperatively, both lumbar and leg pain VAS
were similar between groups, but ODI (20.2 vs. 31.6,
p = 0.010), COMI (1.6 vs. 2.8, p = 0.012), and SF-12
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physical (84.3 vs. 61.5, p = 0.004) and mental (81.5 vs.
69.4, p = 0.021) scores were significantly better in the
transdiscal group. The neurologic complication rate was
similar in both groups. There were 4 pseudoarthroses in the
pedicle group, and none in the transdiscal group.
Conclusion 15-S1 transdiscal screw fixation provided
better functional and radiographic outcomes at medium-
term than conventional pedicle fixation for high-grade
spondylolisthesis, although transdiscal sacral screws are
difficult to place in correct position.

Keywords Spondylolisthesis - Sacrolumbar - Transdiscal
screw - Transvertebral screw - Transacral screw - Pedicle
screw - Outcome

Introduction

High-grade spondylolisthesis can be a debilitating condi-
tion for the patient and present a significant challenge for
the surgeon [1]. Today, surgical stabilization of high-grade
spondylolisthesis remains controversial. Several surgical
techniques have been advocated to deal with symptomatic
L5-S1 isthmic spondylolisthesis. Posterolateral fusion with
pedicle screw fixation has become increasingly popular
over the past years for treatment of spondylolisthesis [2],
but it has been also associated with a relatively high rate of
pseudoarthrosis and progressive slippage [1].

On the basis of pseudoarthrosis rate and biomechanical
considerations [3], alternative L5-S1 transdiscal screwing
has been considered. This technique [4] uses the concept of
three-column fixation by means of a posterior approach,
and the triangular construct potentially provides stability to
the anterior column. Many case-series studies of lum-
bosacral fusion for spondylolisthesis have been reported,
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but only a few have focused on L5-S1 fixation with
transdiscal screws [5-7], and only 2 of these had more than
20 patients [8, 9]. In addition, other studies had used
transdiscal screwing associated with some other technique
of fusion [10-13]. We have not found any study comparing
the results between transdiscal and pedicle fixation.

According to the literature [7-9], in this study trans-
discal fixation was defined as screw placement in the S1
pedicles, across the L5-S1 disc space, and penetrating into
the L5 vertebral body. We hypothesized that the transdiscal
fixation was mechanically stronger to resist L5-S1 slipping
compared with pedicle fixation, regardless of the fixation
level proximal to LS.

The objective of this study was to compare functional
and radiographic outcomes between transdiscal and pedicle
fixation in patients younger than 60 years with high-grade
L5-S1 isthmic spondylolisthesis.

Materials and methods
Patient selection

A retrospective case—control study with patients prospec-
tively followed was conducted to compare the outcomes
between L5-S1 transdiscal fixation and conventional
pedicle fixation for high-grade L5-S1 spondylolisthesis.
The study was approved by our institutional ethical com-
mittee, and informed consent was required. All consecutive
patients who underwent surgery for spondylolisthesis at our
center between January 2007 and December 2012 were
eligible for the study. Indications for surgery were chronic
low back pain and/or radiating pain of the lower extremity,
severity slippage and radiological findings of spondylolis-
thesis including sagittal balance. In that time, fusion for
spondylolisthesis was always instrumented at our depart-
ment by either using a conventional posterolateral fusion
with pedicle screws fixation or stabilization with transdis-
cal screwing. According to their preferences, each of the
two surgical teams at our department used only one of
these techniques in that time. The inclusion criteria for this
study were high-grade slippage (grade III or higher) [14],
level of L5-S1, and age of 60 years or less. A minimum
postoperative follow-up of 2 years was required for anal-
ysis of results in this study. The exclusion criteria were
evidence of spinal stenosis or previous spine surgery.
Patients were assigned to one of two study groups
according the surgical technique performed, with the
understanding that each technique was performed by just
one of the teams.

The transdiscal group consisted of 25 patients, 7 male
and 18 female with a mean age of 36.7 years (range
14-60). Before surgery, 15 of these patients had severe low

back pain, and 8 had radiating leg pain. Eleven patients had
muscular weakness, 1 motor deficit, 3 sensory deficit, and 2
sphincter incontinence. The pedicle group consisted of 31
patients, 15 male and 16 female with a mean age of
42.0 years (range 10-60). Before surgery, 18 of these
patients had severe low back pain, and 11 had radiating leg
pain. Nine patients had muscular weakness, 1 motor deficit,
4 sensory deficit, and 1 sphincter incontinence. Preopera-
tive data were comparable between groups (Table 1). In the
transdiscal group, there were 52 % of patients with grade
IV-V preoperatively and 64 % in the pedicular group
(p = 0.417).

Surgical procedure

A routine posterior midline approach was used in both
groups. Partial reduction was only performed in those
patients who had severe spinopelvic sagittal imbalance.
Standard titanium screw systems were used in all patients,
all similar but from several manufacturers (Transpine,
Laffit, Spain; USS, Synthes, Zwitzerland; Colorado, Med-
tronic, France). The ratios of these systems were similar in
both groups.

The technique of transdiscal lumbosacral fixation has
previously been described [4, 6]. The sacral screws were
placed in the S1 pedicle, through the endplate of S1, cross
the disc space, and through the inferior endplate of L5 to
terminate in the L5 body. The instrumented level was L4-
S1 in 22 patients (88 %) and L5-S1 in 3 (12 %). In situ
fusion was performed in 23 patients (92 %) and partial
listhesis reduction via manipulation of the L5 body through
implanted screws in 2 (8 %).

Table 1 Preoperative data

Pedicle group  Transdiscal group  p value

n 31 25

Gender (M/F) 15/16 7/18 0.170
Age (year) 42.0 (17.5) 36.7 (12.3) 0.190
BMI (Kg/m?) 25.7 (3.5) 25.3 (3.7) 0.668
Grades (III/IV/V) 11/18/2 12/12/1 0.624
Activities (S/SY/E)  7/15/9 5/15/5 0.656
Sport 6 (19.3 %) 10 (40.0 %) 0.080
Grade III/IV/V 24/6/1 16/9/0 0.274
VAS-lumbar pain 7.1 (2.0) 7.4 (1.8) 0.554
VAS-leg pain 4.6 (3.7) 4.8 (3.3) 0.866
ODI 69.3 (14.0) 69.7 (12.4) 0.926
COMI 6.3 (1.6) 7.0 (1.4) 0.112
SF12-physical 19.2 (14.4) 18.2 (17.3) 0.819
SF12-mental 314 (12.9) 28.9 (15.7) 0.511

Continuous data are presented as mean (standard deviation). Activi-
ties: sedentary, standing, effort
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In the pedicle group, a standard pedicle screw fixation was
performed. The instrumented level was L.4-S1 in 23 patients
(71 %) and L5-S1 in 8 (29 %). In situ fusion was performed
in 25 patients (81 %) and partial reduction in 6 (19 %).
Interbody fusion (L5-S1 cages) was used in 3 patients.

In both groups, decompression was performed and
standard posterolateral fusion using the bone fragments
removed during the surgical approach. In addition, autol-
ogous iliac crest bone graft and/or bone substitute (Acti-
fuse, Baxter, USA) was used in 5 patients in transdiscal
group and in 6 patients en pedicular group. Comparing both
groups, level instrumentation rate (L4-5-S1 vs. L5-S1,
p = 0.311) or reduction rate (partial vs. in situ,
p = 0.276).were not significantly different.

Multimodal neuromonitoring techniques of sensory
evoked potential, transcraneal electrical motor-evoked
potentials and electromyography were used for all surg-
eries. Postoperative protocol was similar in both groups.
All patients in both groups were braced with a lumbosacral
orthosis for a three-month period after surgery.

Evaluations

At our institution, standardized prospective assessment was
made pre- and postoperatively at 3, 6, 12, and at least
24 months after surgery. Additionally for this study,
patients were also invited to perform new clinical and
radiographic evaluations, and none refused. At last follow-
up, all the patients were clinically assessed by two spe-
cially trained independent fellows who were not involved
in the surgeries and did not know which type of lumbar
fusion had been used.

Primary outcome measure in this study was the
Oswestry Disability Index (ODI) score [15] from O to 100
points, with lower scores indicating less severe symptoms.
Clinical assessment was also performed in each visit by the
Core Outcomes Measures Index (COMI) [16], and Short-
Form 12 (SF-12) [17]. COMI was ranged from O to 10
points, with lower scores indicating better outcome. SF-12
questionnaire included physical and mental components
which were transformed to a 0-100 scale with higher
scores indicating a better quality of life. Pain at the lower
back and the leg were each measured separately with a
visual analog scale (VAS) [18] from O (no pain) to 10
(maximal pain). Postoperative major complications were
those that needed revision surgery or resulted in permanent
neurological deficit.

Standard radiographic evaluation including standing
anteroposterior, lateral, and oblique view was made pre-
operatively and in each follow-up. Computed tomography
scan (CT) was made preoperatively and postoperatively at
6, 12 and 24 months. Magnetic resonance imaging was
used when there was presence of neurological deficit. All

@ Springer

radiographs and CT were assessed by independent obser-
vers not involved in the surgical procedure. Grading of
slippage was assessed by the classification of Meyerding
[14]. The slip angle (SA) was defined according to
Dubousset (lumbosacral angle) [19]. Lumbar lordosis was
assessed by Cobb’s method [20]. Spinopelvic parameters
were obtained according to Duval-Beaupére criteria [21]
including pelvic incidence angle (PI), pelvic tilt (PT), and
sacral slope (SS). Both fusion and implant position were
assessed by radiographs and CT scan. Successful radio-
graphic outcome was defined as evidence of bone bridging
with absence of radiolucent lines around the screws, or
nonprogressive slippage.

Statistical analysis

Statistical analyses were conducted with IBM-SPSS 19.0
software (IBM-SPSS, Armonk, NY, USA).

The Chi-square test or nonparametric Mantel-Haenszel
test was used to compare categorical data between groups.
For continuous data, unpaired ¢ test or Mann—Whitney
U test was used. For comparison between pre- and post-
operative data, the paired ¢ test or Wilcoxon signed-rank
test were used. Correlation was made by Pearson coeffi-
cient. A p value less than 0.05 was considered significant.
Potential predictors in univariate analyses were used in a
regression logistic analysis to determine their effects on the
functional outcomes. The results were presented as Odds
ratio (OR) with 95 % confidence interval (95 % CI).

A posteriori Cohen’s statistical power analysis was
performed in relation to the postoperative ODI scores.
Considering a clinically relevant difference [15] between
groups of 10, standard deviation of 14, and a minimum
sample size of 25 in each group, for an alpha error of 0.05
the study power was 81 %.

Results

The mean postoperative follow-up was 2.6 years (range
2.0-4.9) in the transdiscal group, and 2.9 years (range
2.0-5.3) in the pedicle group. The mean operating time,
perioperative blood loss, and hospitalization stay were
similar in both groups (Table 2). There were no significant

Table 2 Perioperative data

Pedicle group  Transdiscal group p value
Surgery time (min)  270.4 (49.7) 278.4 (62.8) 0.598
Blood loss (cc) 180.6 (120.6)  187.6 (166.3) 0.857
Hospital stay (days) 7.9 (1.3) 7.6 (1.2) 0.126

Continuous data are presented as mean (standard deviation)
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differences between groups regarding the severity of
spondylolisthesis (p = 0.417), instrumentation level
(p = 0.311) or reduction rate (p = 0.276).

Clinical outcomes

Mean functional outcomes related to ODI, COMI, SF12,
and VAS-pain improved significantly in both groups at last
follow-up (p = 0.001). However, all the functional out-
comes were significantly better in the transdiscal group
than in pedicle group, except for VAS scores (Table 3).
In the transdiscal group, all patients had an ODI score of
44 or less at last follow-up. Fourteen patients (56 %) were
able to return to their previous occupation, 2 (8 %) had
some limitation, and 9 (36 %) were forced to change job.
Two of the 6 patients who practiced a sport before the
intervention were able to continue practicing. Previous leg
weakness was recovered in all patients except 2, and the
sensorial deficit was also recovered in all patients except in
2 other patients. Two other patients developed transitory

Table 3 Postoperative clinical data

Pedicle group  Transdiscal group  p value
VAS-lumbar pain 3.5(2.3) 2.8 (1.9) 0.228
VAS-leg pain 2.0 (1.7) 1.3 (1.4) 0.116
ODI 31.6 (17.2) 20.2 (14.0) 0.010
COMI 2.8 (1.8) 1.6 (1.2) 0.012
SF12-physical 65.5 (26.5) 84.3 (19.0) 0.004
SF12-mental 69.4 (21.0) 81.5 (15.8) 0.021

Continuous data are presented as mean (standard deviation)

L5 root irritation after surgery. One other patient with
previous urinary incontinence, from which she recovered,
postoperatively developed L4 partial neurologic deficit. In
this patient, a broken rod was also observed but solid fusion
was achieved at 1 year after surgery, resulting in moderate
disability (ODI = 32).

In the pedicle group, 8 patients (25.8 %) had an ODI
score of 50 or greater at last follow-up. Fifteen patients
(48.3 %) were able to return to their previous occupation, 8
(25.8 %) had some limitation, 5 (16.1 %) changed their
occupation, and 3 (9.6 %) could not return to work. Among
the 10 patients who practiced a sport before the interven-
tion, 5 were able to continue practicing. Previous leg
weakness or sensory deficit was recovered in all patients
except 2. Three other patients developed L5 partial neu-
rologic deficit after surgery.

Analyzing only those patients with L4-S1 instrumentation
level, there were significant differences between groups
regarding to the functional outcomes such as ODI
(» =0.032), COMI (p=0.019), SF12-physical
(p =0.007) and SFI12-mental (p = 0.018). Logistic
regression analysis showed that the level of instrumentation
was not an independent predictor of functional outcomes in
either transdiscal (OR = 0.31, 95 % CI 0.19-1.14,
p = 0.542) and pedicular (OR = 0.43, 95 % CI 0.22-1.33,
p = 0.628) group.

Radiographic results

In the transdiscal group, all of patients had a radiographic
fusion or nonprogressive slippage at last follow-up (Fig. 1),

Fig. 1 Preoperative lateral X-ray shows L4-L5 grade IV isthmic
spondylolisthesis in a 22-year-old female. Postoperative anteroposte-
rior (b) and lateral (¢) X-rays on 3 years after posterior L4-S1

stabilization with transdiscal screws and rods. d CT showing L5-S1
solid fusion. The patient was asymptomatic
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Table 4 Radiographic data

Table 5 Complications and revisions

Pedicle group Transdiscal group  p value® Pedicle group Transdiscal group
Slip angle Intraoperative 1 (3.2 %) 0
Preoperative 101.8° (13.0°) 98.6° (16.6°) 0.425 Infection 2 (6.4 %) 2 (8.0 %)
Postoperative 113.0° (8.4°) 101.4° (20.5°) 0.013 Implant misplacement 0 3 (12.0 %)
p value® 0.001 0.167 Implant breakage 1 (3.2 %) 1 (4.0 %)
Lumbar lordosis Pseudoarthrosis 4 (12.9 %) 0
Preoperative 60.4° (9.8°) 62.9° (14.0°) 0.450 Aseptic revision 4(12.9 %) 1 (4.0 %)
Postoperative 60.1° (9.7°) 62.6° (14.5°) 0.469
p value® 0.620 0.594
Pelvic incidence
Preoperative 63.0° (10.8°) 67.7° (15.0°) 0.177
Postoperative 61.5° (11.0°) 68.9° (18.2°) 0.068
p value® 0.297 0.557
Pelvic tilt
Preoperative 19.9° (5.9°) 21.2° (8.1°) 0.482
Postoperative 17.5° (7.3°) 22.6° (9.6°) 0.029
p value® 0.008 0.425
Sacral slope
Preoperative 43.1° (8.8°) 46.1° (13.8°) 0.319
Postoperative 43.6° (10.6°) 46.0° (14.5°) 0.494
p value® 0.725 0.922

Continuous data are presented as mean (standard deviation)
 p value intragroup

® p value intergroups

whereas in the pedicle group 4 patients (12.9 %) developed
pseudoarthrosis (p = 0.123). Preoperatively (Table 4),
there were no significant differences related to radiographic
parameters between groups. Postoperatively (Table 4), in
the pedicle group there were no significant changes in the
PI or SS, but SA increased significantly (p = 0.001) and
the PT decreased significantly (p = 0.008) at last follow-
up. In the transdiscal group, all radiographic parameters
were unchanged significant from preoperative to last fol-
low-up.

Comparing both groups, the PI and SS did not differ
significantly at last follow-up, but SA and PT tilt were
significantly different (Table 4). In both groups, significant
correlation between postoperative ODI and postoperative
radiographic parameters (p > 0.302) was not found.

Complications and revisions

Complications are shown in Table 5. In the transdiscal
group, 2 patients developed a deep wound infection treated
with debridement and final moderate functional outcome
(ODI = 32 and 44, respectively). Three patients had a poor
orientation of the sacral screws without fusion conse-
quences and good functional results (ODI = 10 and 16,
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Fig. 2 Lateral X-ray taken 3 years postoperatively shows transdiscal
screws misplacement in a 31-year-old female. There was nonpro-
gressive slippage and the patient was asymptomatic

respectively) in two of these (Fig. 2). The third patient was
severely symptomatic due to a sacral screw misplacement
that produced L5 radiculopathy, and this screw was sub-
sequently removed, with moderate final result (ODI = 42).
Breakage of a sacral screw was observed in a fourth patient
at 3 postoperative years, although solid fusion was
achieved and revision was not required (ODI = 17).

In the pedicle group, one patient had a dural tear which
was repaired intraoperatively without residual sequelae
(ODI = 20). Two patients developed superficial wound
infections (ODI = 8 and 32, respectively). Another patient
had breakage of both sacral and lumbar screws due to
pseudoarthrosis, = with  poor  functional outcome
(ODI = 60). Three other patients had a pseudarthrosis.
These 4 pseudoarthroses required surgical revision to
transdiscal fixation with successful final outcomes.
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Discussion

To our knowledge, this is the first clinical study to compare
the outcomes of transdiscal and conventional pedicle fix-
ation for patients younger than 60 years with high-grade
L5-S1 isthmic spondylolisthesis. Management of this
spondylolisthesis is variable. Posterolateral fusion with
pedicle screw instrumentation has become increasingly
popular over the past years. Successful results have been
reported with this technique [2], but relatively high rates of
pseudoarthrosis, neurologic dysfunction, and progressive
slippage have also been observed [1]. In our study, there
was a clinically relevant pseudoarthrosis rate in the pedicle
group.

Transdiscal L5-S1 screw fixation [4] uses the concept of
three-column fixation achieved from a single posterior
approach. The direction of the sacral screws provides a
triangular construct of screw-to-screw and screw-to L5
plate which potentially provides greater fixation strength
[5]. All of this potentially improves the resistance against
the shear forces across the disc space while posterolateral
fusion is occurring [5, 6]. In a biomechanical analysis of
cadaver models with spondylolisthesis [3], the authors
found that the transdiscal L5-S1 screw fixation produced
constructs that were 1.6—1.8 times stiffer than traditional
pedicle screw fixation. In another study [8], the stiffness of
the transdiscal fixation was found to be equivalent to fix-
ation with a combined interbody fusion and pedicle screw
fixation. On the other hand, transdiscal L5-S1 fixation
could be considered difficult regarding positioning of the
sacral screws. In our study, sacral screw misplacement was
observed in 4 patients (16 %). Although they all had solid
fusion, one patient had poor clinical result due to L5
radiculopathy.

Landi et al. [22] believed that the choice of treatment or
to extend the fusion at L4-L5 for high-grade spondylolis-
thesis was related to a correct clinical and diagnostic
planning, in particular the severity index and the standard
measurements described in the literature. Reduction of the
slipped vertebrae is still debatable, mainly due to the
potential risk of L5 nerve injury [23, 24]. Several authors
suggested that in situ fusion was better than reduction and
fusion in high-grade spondylolisthesis with respect to long-
term clinical outcome [24-26]. In our series, reduction was
not performed in most patients, and partial reduction was
carried out in patients who had severe spinopelvic sagittal
imbalance. Other authors have obtained successful results
using in situ fusion with transdiscal fixation [10-12].
Francois et al. [6] treated 4 patients according to the
transdiscal technique with good clinical and fusion was
noted in all patients. Boachie-Adjei et al. [5] used a tech-
nique of partial reduction and transdiscal fixation in 6

patients with high-grade spondylolisthesis followed a
minimum of 2 years. They reported fusion in all patients
which were able to resume their previous occupation.
Rodriguez-Olaverri et al. [8] compared the outcomes of
unilateral transforaminal lumbar interbody fusion (TLIF)
with those of transdiscal screw fixation in high-grade
spondylolisthesis. They found no significant differences in
radiographic or clinical outcome in either group. Among 20
patients who were treated by transdiscal fixation, there was
1 pseudarthrosis and 1 implant failure, whereas in the TLIF
group there was an increased risk of intraoperative com-
plications. Logroscino et al. [7] compared 15 patients
underwent L5-S1 pedicle instrumentation associated with
transdiscal screw fixation, and 15 other underwent L5-S1
pedicle instrumentation associated with a posterolateral
interbody fusion (PLIF). They observed that those patients
treated with transdiscal had a faster resolution of the
symptoms and a more rapid return to daily activities. In
group transdiscal, one misplaced sacral screw was
observed in a patients showing radicular leg pain which
required revision surgery. Zagra et al. [9] treated 62
patients by posterolateral fusion with autologous bone graft
and additional transdiscal screws followed 5 years. They
reported successful clinical outcomes and fusion in all
patients.

Novel variations of L5-S1 transdiscal fixation has been
recently developed for treatment of high-grade spondy-
lolisthesis. Wu et al. [27], in an in vitro and cadaveric
investigation, established that it was feasible to perform a
percutaneous posterior transdiscal screw fixation associated
with an especially designed model of interbody cage.
Shedid et al. [28] used also a novel minimally invasive
procedure for high-grade spondylolisthesis using a L5-S1
transdiscal rod screw in 3 patients, and successful clinical
and radiological outcomes was obtained in all patients at
latest follow-up (range 13—18 months). Jouve et al. [29] in
8 patients performed a original technique of circumferen-
tial L5-S1 fusion by posterior-only approach using a
transdiscal custom-made screw and corticocancellous bone
grafts, and they obtained a solid fusion at a mean 6 post-
operative months. In specific cases, when a postoperative
sagittal malalignment is predictable with the lumbosacral
fusion, the construct is extended to L4 using a classical
posterior instrumented fusion.

This study has several limitations. The design was ret-
rospective, although patients were prospectively followed.
As in other previous studies, there was a relatively small
sample size which was due to the relatively low prevalence
of the condition. However, the results included all con-
secutive patients with no loss to follow-up. No homoge-
neous fixation systems were used due to the availability in
the hospital, but they were similar and the surgeries were
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performed by two teams of surgeons with extensive
experience in the spine. There was no standardization of
the surgical techniques but both were performed according
to standard medical practice. Postoperative follow-up was
short, so it is recommended that these results be confirmed
by future investigations on a higher number of patients and
longer follow-up.

Conclusions

Transdiscal fixation results in improved functional out-
comes compared with posterolateral fusion and pedicle
fixation. Based on our results, we recommend transdiscal
fixation for patients with high-grade L5-S1 spondylolis-
thesis, but the difficulty of placing the sacral screws should
be also informed.
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