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CLINICAL ARTICLE

Influence of Cage Design on Radiological and
Clinical Outcomes in Dorsal Lumbar Spinal Fusions:
A Comparison of Lordotic and Non-Lordotic Cages

Christian Walter, MD &, Tobias Baumgartner, Dominik Trappe, MD, Sandra Frantz, MD, Lisanne Exner, MD,
Moritz Mederake, MD

University Hospital Tiibingen, Tiibingen, Germany

Objectives: To evaluate the comparison between lordotic and non-lordotic transforaminal lumbar interbody fusion
(TLIF) cages in degenerative lumbar spine surgery and analyze radiological as well as clinical outcome parameters in
long-term follow up.

Methods: In a retrospective study design, we compared 37 patients with non-lordotic cage (NL-group) and 40 with a
5° lordotic cage (L-group) implanted mono- or bi-segmental in TLIF-technique from 2013 to 2016 and analyzed radio-
logical parameters of pre- and postoperative (Lumbar lordosis (LL), segmental lordosis (SL), and pelvic tilt (PT), as well
as clinical parameters in a follow-up physical examination using the Oswestry disability index (ODI), Roland—Morris
Score (RMS), and visual analog scale (VAS).

Results: Surgery was mainly performed in lower lumbar spine with a peak in L4/5 (mono-segmental) and L4 to S1 (bi-seg-
mental), long-term follow-up was on average 4 years postoperative. According to the literature, we found significantly better
results in radiological outcome in the L-group compared to the NL-group: LL increased 6° in L-group (51° preoperative to 57°
postoperative) and decreased 1° in NL-group (50° to 49° (P < 0.001). Regarding SL, we found an increase of 5° in L-group
(13° to 18°) and no difference in NL-group (15°)(P < 0.001). In PT, we found a clear benefit with a decrease of 2° in L-group
(21° to 19°) and no difference in NL-group (P = 0.008).

In direct group comparison, ODI in NL-group was 23% vs 28% in L-group (P = 0.25), RMS in NL-group was 8 points vs
9 points in L-group (P = 0.48), and VAS was in NL-group 2.7 vs 3.2 in L-group (P = 0.27) without significant differences.
However, the clinical outcome in multivariate analysis indicated a significant multivariate influence across ODI and
RMS of BMI (Wilks A = 0.57, F [4, 44] = 3.61, P = 0.012) and preoperative SS (Wilks A = 0.66, F [4, 44] = 2.54,
P = 0.048). Age, gender, cage type and postoperative PT had no significant influence (P > 0.05). Intraoperatively, we
saw three dura injuries that could be sutured without problems and had no consequences for the patient. In the
follow-up, we did not find any material-related problems, such as broken screws or cage loosening, also no
pseudarthrosis.

Conclusion: In conclusion, we think it’s not cage design but other influenceable factors such as correct indication
and adequate decompression that lead to surgical success and the minimal difference in the LL therefore seemed to
be of subordinate importance.
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Introduction

n recent years, interbody fusion techniques in combination

with spinal instrumentation have become increasingly
popular in the surgical therapy of degenerative spine dis-
eases. Despite surgical advances, pseudarthrosis and instru-
mentation failure are still common problems, especially in
the lumbosacral junction. In order to address this problem,
one goal of surgical interventions is to increase the rigidity of
the construct. In many cases, an interbody fusion device in
addition to posterior screws (360° fusion) is used as a further
stabilization option®.

Concerning interbody fusion techniques, the use of
stand-alone bone grafts was largely replaced by titanium or
polyetheretherketone (PEEK) cages in combination with can-
cellous bone*™®. The cages offer many advantages. First, the
cage provides additional anterior column support resulting
in higher stiffness of interbody fusion, compared with poste-
rior fusion only in biomechanical testing’. Secondly,
depending on the cage type, a large surface area for fusion and
an indirect decompression of the neuroforamen is attainable®.
Finally, the surgeon has the ability to restore spinal balance
either by sagittal alignment using a wedge-shaped (lordotic) cage
due to geometry or segmental coronary alignment by adapting
posterior rod compression to the deformity’. Therefore, the
implantation of a cage is mandatory for many spine surgeons
when performing dorsal lumbar spondylodesis.

When inserting the cage, various options for surgical
approach are available. Firstly, the anterior lumbar interbody
fusion (ALIF) with transperitoneal or retroperitoneal
approach to the lumbar spine is the oldest procedure’®. Sec-
ondly, the posterior lumbar interbody fusion (PLIF) tech-
nique involves a cage or bone chip being inserted posterior
on both sides of the dura into the disc space and therefore
the dura is mobilized medially. This technique dates back to
Cloward in the 1980s and is still widely used today'" '*.

We used in the present study the transforaminal
approach (TLIF, transforaminal lumbar interbody fusion),
which was developed by Harms in the 1990s">. The principle
of this approach is the expansion of the intervertebral space,
as well as secure ventral support and fusion through autoge-
nous bone and the one-sided transforaminal inserted cage.
The segment stability is then restored by converting the dis-
traction force into compression force. The technique has
been further developed through the construction of banana-
shaped cages and is currently the standard in many clinics'*.

Worldwide, PLIF and TLIF technologies are currently
the most commonly used techniques for 360° fusion. How-
ever, compared to the PLIF technique, the neural structures
have to be mobilized less with the TLIF technique, which
leads to a lower complication rate (dural lesions, nerve root
damage)'®. Another argument is the unilateral approach,
which is only possible with the TLIF technique, while the
PLIF technique always requires a bilateral cage insertion'®.
Therefore, from the authors’ perspective, the TLIF technique
is currently the preferred method.

Lorporic VS Non-Lorpotic TLir-CAGES

However, the posterior approach denies direct access to
the intervertebral disc compartment, resulting in smaller cages
compared to the ALIF”. In order to attain, larger cages and
reduced access morbidity, laparoscopic ALIF techniques and the
minimally invasive XLIF technique was developed, achieving
reduced access morbidity and shortening the operating time
compared to the open ALIF technique'®"”.

Another argument, in addition to the approach, is the
geometry of the cage. So improved lumbar lordosis
(LL) could be showed in previous studies, using lordotic
cages compared to non-lordotic (rectangular) cages, regard-
less of approach. Improved radiological parameters con-
cerning the sagittal balance could be shown for the PLIF
technique and the XLIF technique®®*'. This is an important
point, because well-balanced lordosis of lumbar spine enables
efficient muscle work when standing upright and loss of dis-
tal LL is often responsible for sagittal imbalance*®*?. Despite
an enormous interest in lumbar lordosis in various scientific
studies and the preoccupation of surgeons, therapists, and
patients with this topic, the optimal lordotic range remains
unidentified** . However, the correlation between LL and
lumbar back pain (LBP) is largely undisputed. So, epidemio-
logical studies could demonstrate a significantly reduced LL
in patients with LPB compared to a control group.

Despite this known correlation between LL and LBP
and the knowledge about improved LL in lordotic cages, it is
unknown whether the use of lordotic cages leads to
improved clinical outcome compared to non-lordotic cages,
especially in the long-term follow-up.

The purpose of the study was to: (i) confirm the
improvement in lumbar lordosis (LL), segmental lordosis
(SL), and pelvic tilt (PT) described in the literature of our
patient population using lordotic TLIF cages; (ii) investigate
if the expected radiological improvement leads to a superior
clinical outcome using lordotic cages compared with non-
lordotic cages in the follow-up by detecting Oswestry Dis-
ability Index (ODI), Roland-Morris Score (RMS), and Visual
Analog Scale (VAS); and (iii) evaluate different influencing
factors on postoperative ODI and RMS.

To answer this question, we clinically and radiologi-
cally examined 80 patients treated with mono- or bi-
segmental TLIF cage.

Patients and Methods

Inclusion and Exclusion criteria

The inclusion criteria were: (i) adults, 30 years or older with
degenerative spinal disease underwent mono- or bi-
segmental spinal fusion with TLIF on the lumbar spine;
(ii) minimum of 7 points on the visual analog scale (VAS)
preoperative; (iii) written consent (after clarification) to the
study; (iv) intervention was spinal fusion performed with lor-
dotic cage design (see Fig. 1); (v) comparison group became
non-lordotic cage design; (vi) outcome measures were radio-
logical parameters (LL, SL, PT) and clinical scores (ODI,
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Fig. 1 Photos of the two cage types. Green: Non-lordotic cage, Blue:
Lordotic cage (A) Anterior view of the titanium cage used in our study
(Devex Cage, Depuy Synthes, Raynham, Massachusetts, USA) with
spikes for better anchoring and a large cavity for the attachment of
autologous bone. (B) Sagittal view with O° lordosis (green cage) and 5°
lordosis (blue cage) (See figure_2.jpg).

RMS, VAS); and (vii) a retrospective study with prospective
follow-up examination of the patients. Exclusion criteria
were as follows: (i) patients with spondylolisthesis more than
Meyerding degree I; (ii) more than two instrumented levels
or previous spinal fusion; and (iii) previous documentation
of osteopenia, osteoporosis, or osteomalacia to a degree that
spinal instrumentation would be contraindicated, immuno-
suppressive disorder, or history of substance abuse (drugs or
alcohol).

Patient Data

A retrospective study with a follow-up examination was
performed between July and December 2019, surgery was
performed 2013 to 2016. In 2015, we switched from non-
lordotic to 5° lordotic cages in the treatment of degenera-
tive spine diseases in our clinic. In this study, we retrospec-
tively included 40 patients before (non-lordotic group), and
40 patients after the switch (lordotic group, see Figs 2 and
3). Basic data (age, gender, body mass index, date of sur-
gery, date of follow-up, BMI, classification of indication,
preoperative sacral slope) was acquired to compare the
groups.

Lorporic VS Non-Lorpotic TLir-CAGES

Preoperative Evaluation

Before surgery, all study participants received a standing X-
ray in two planes and sagittal alignment parameters (LL, SL,
PT) were determined. Further, an MRI scan was performed
for surgical planning. A CT scan was only performed in the
case of contraindications to MRI (e.g. claustrophobia or
pacemaker). The VAS was recorded as a clinical parameter.

Surgical Technique

Anesthesia and Position

The patients were placed in a prone position on bolsters on
a radiolucent spine table after general anesthesia was
administered.

Approach and Exposure

After a posterior midline skin incision and subperiosteally
dissecting the paraspinal muscles, the laminae were exposed.
The joint capsule of the cranial facet joint received special
attention in order to preserve it carefully for future
movements.

Pathological Changes and Resection

The pathologically degenerated and enlarged facet joints
were resected with a chisel. The obtained bone was crushed
and later deposited as spinal fusion material, as well as used
for filling the cage.

Fixation and Placement of the Cage

Subsequently, the screws were placed using freehand tech-
nique under fluoroscopic control. Further, we resected the
superior articular process with a straight osteotome to expose
the lateral part of the central dural sac (see Fig. 4A), the
intervertebral foramen, and the disc space. After performing
a box annulotomy and a discectomy using a combination of
curettes, rongeurs, and shavers, the disc space was filled with
cancellous bone and the cage was inserted (see Fig. 4B).

Reconstruction

After fluoroscopic control of the cage position, the rods were
inserted. Subsequently, we compressed the screws under the
rod to fix the cage and gain lordosis (see Fig. 5). Finally, the
wound was closed by suture.

Aftercare

The aftercare was carried out under pain-adjusted full load.
Before the discharge, an X-ray of the lumbar spine in two
planes was taken in a standing position. Further clinical and
radiological follow-ups were carried out after 3 and
12 months. For radiological analysis, we used the last avail-
able standing X-ray and determined LL, SL, and PT. As part
of the study, patients were invited to a clinical follow-up
in 2019.
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Fig. 2 (A) Preoperative MRI Scan of a 36-year old woman with severe osteochondrosis L 4/5 and disc herniation. Clinically, she complains of

therapy-resistant back pain and radiation to her left leg. (B) Preoperative lateral X-ray shows a segmental lordosis L 4/5 of 1°. (C) The follow-up

5 days after surgery with mono-segmental fusion and implantation of a lordotic cage shows an improved segmental lordosis of 6° (increase of 5°).

(D) The CT control after 1 year shows a stable bony fusion posterior to the cage (blue arrow) and anterior to the cage (red arrow). (E, F) The final X-ray
control 2 years after surgery demonstrates a significantly increasing bony fusion compared to (C) and (D).

Outcome Measures

Lumbar Lordosis (LL)

Lumbar lordosis angle was measured using the Cobb angle
method between the upper endplate of L1 and the endplate
of S1 (see Fig. 6).

Segmental Lordosis (SL)

The segmental lordosis was measured with the Cobb angle
between the endplates that are in contact with the cage
(see Fig. 6).

Pelvic Tilt (PT)

PT was measured as the angle between the line joining the
hip joint center with the midpoint of the S1 endplate and the
reference vertical line (see Fig. 6).

Oswestry Disability Index (ODI)

Oswestry disability index (ODI) is a principal condition-
specific outcome measure used in the management of spinal
disorders, to assess patient progress in routine clinical prac-
tice’®””. The ODI score system includes 10 sections: pain
intensity, personal care, lifting, walking, sitting, standing,

sleeping, sex life, social life, and traveling. For each section of
six statements the total score is 5. Intervening statements are
scored according to rank. If more than one box is marked in
each section, the highest score is taken. If all 10 sections are
completed, the score is calculated as follows: total score out
of total possible score x 100. If one section is missed (or not
applicable) the score is calculated: (total score / (5 X number
of questions answered)) X 100%. 0%-20% is considered mild
dysfunction, 21%-40% is moderate dysfunction, 41%-60% is
severe dysfunction, and 61%-80% is considered as
disability*.

Roland-Morris Score (RMS)

The RMS is a validated form of the Roland and Morris Dis-
ability Questionnaire, which is very common in English-
speaking countries. In our study, we used the validated
German translation®® *°. The RMS is available in different
versions (e.g. with 16, 18, or 24 items) in which patients are
asked to mark the items that apply to them and their dis-
comfort at the time of completion, describing their back
pain®. An item receives a score of 1, if it is checked as appli-
cable by the respondent and a score of 0, if it is not marked.
Accordingly in our study using the 24 items, total scores can
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Fig. 3 (A) Preoperative MRI scan of a 66-year old woman with spondylolisthesis (Meyerding degree 1) L4/5 and osteochondrosis L5/S1

(B) Preoperative lateral X-ray shows a segmental lordosis L 4/5 of 6 ° and L5/S1 of 2°. (C) The follow-up 3 months after surgery with bi-segmental
fusion and implantation of lordotic cages shows an improved segmental lordosis of 12° and 10° (increase of 6° and 8°). (D) The X-ray control after
2 years shows a beginning adjacent disc degeneration (red arrows), which is increasing after 3 years (blue arrows, (E)) and requiring an extension of
the fusion (F).

vary from 0 (no disability) to 24 (severe disability). Patients
with less than 9 points are considered to be less disabled and
patients with more than 16 points are considered to be
severely disabled.

Visual Analog Scale (VAS)

The VAS is a scale from 0 to 10, which the patients filled out
before surgery and at follow-up. The patient used this scale
to indicate how severe or weak their pain was at the time.
0 corresponds to the best state of health and the least pain.
10 correspond to the worst state of health and most pain.

Statistical Analysis

Data were entered in an Excel sheet (Version 14.0.7, Micro-
soft Office 2010, Microsoft Redmond, WA, USA) and impo-
rted into SPSS (Version 25.0.0.1, IBM, Armonk, New York,
USA) for further analysis.

In order to simplify the group comparison, the differ-
ence (A) between the preoperative and postoperative values
was calculated, being available for LL, SL, PT, and VAS. For
group comparison of ODI and RMS, the values determined
at follow-up have been used. In cases with bi-segmental
fusion, we had two values for SL (upper and lower level) and

Lorporic VS Non-Lorpotic TLir-CAGES

therefore continued analyzing with the average of the two
values.

ALL, ASL, APT, and AVAS, ODI, and RMS were
analyzed using the unpaired t-test for equality of means to
asses the differences between the two groups. According to
the Bonferroni correction for multiple testing, the P-value
was multiplied by the number of tests (n = 6), resulting in
P,g. A multivariate and univariate analysis was used to
evaluate different influencing factors on postoperative ODI
and RMS: cage type, gender, age, body mass index
(BMI), postoperative PT and preoperative SS. We there-
fore categorized age (< 60 years and > 60 years), BMI
(< 25; 26 to 31 and > 32), postoperative PT (< 12°, 12° to
20° and > 20°), and preoperative SS (< 35°, 35 to 45°
and > 45°). The level of significance was chosen
as P <0.05.

Results

Follow-up

The follow-up differed on average by 0.8 years due to
the study design. Due to the lack of adequate preopera-
tive imaging, three patients of the non-lordotic group
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Fig. 4 Intraoperative images. (A) Situs after exposition of the lateral
part of the central dural sac (+) and the nerve root (*). (B) Situs after
cage insertion (green).

had to be excluded. Sixty-four of 77 patients (83.1%)
were secured for a clinical follow-up, 29 of 37 (78.4%)
in the non-lordotic and 35 of 40 (87.5%) in the lordotic

group.

General Results

The study participants suffered from degenerative diseases of
the lower lumbar spine. Thirty-four (44.2%) underwent
fusion due to slight spondylolisthesis and 44 (55.8%) to
osteochondrosis and spondylarthrosis; 48 (62.3%) underwent
mono-segmental fusion and 29 (37.7%) bi-segmental fusion.
Considering the basic data, we found no differences between
the groups (see Table 1) in exception of the mean time of
follow-up. Regarding the treated segments, we found a maxi-
mum at L4/5 (mono-segmental) and L4 to S1 (bi-segmental).
The distribution of treated segments did not differ signifi-
cantly between the groups (see Table 2). Looking at the
intraoperative findings, there are no noticeable differences
between the groups. Only in some cases the introduction of
the non-lordotic cage is slightly more difficult due to the
geometry.

Lorporic VS Non-Lorpotic TLir-CAGES

Fig. 5 Schematic illustration of the two cage types. (A) Non-lordotic
cage resulting in lower segmental lordosis, (B) lordotic cage resulting in
higher segmental lordosis.

Clinical Improvement

Regardless of the cage design, patients benefit significantly
from surgery. A total of 93.8% (60 out of 64 patients) said in
retrospect they would do surgery again and 90.6% (58 of

LL

Fig. 6 Radiographic outcome parameters. Lumbar parameters (black):
lumbar lordosis (LL) and segmental lordosis (SL); spinopelvic
parameters (purple): pelvic tilt (PT), sacral slope (SS) and pelvic
incidence (PI).
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TABLE 1 Basic data comparison of both groups

Non-Lordotic cage Lordotic cage Overall

Mean Age (SD) 60.8 (13.6) 62.7 (13.2) 61.8 (13.3)
Mean Follow-up [years] (SD) 4.5 (0.9) 3.7 (0.9) 4.0 (1.0)
Mean BMI (SD) 28.7 (4.4) 27.1 (3.9) 27.8 (4.2)
Gender ratio [% female /% male] 43.2 / 56.8 50.0 / 50.0 46.8 / 53.2
LL preoperative [deg] (SD) 49.8 (11.5) 51.1 (11.7) 50.5 (11.6)
SL preoperative [deg] (SD) 14.1 (4.4) 13.3. (4.7) 13.7 (4.6)
PT preoperative [deg] (SD) 19.7 (6.7) 20.4 (7.7) 20.0(7.2)
VAS preoperative (SD) 9.0 (1.2) 8.9(1.2) 8.9(1.2)
We observed differences only in the mean follow-up due to the study design.

TABLE 2 Distribution of the treated segments in both groups

Monosegmental Bisegmental
L2/3 L3/4 L4/5 L5/S1 L3 to L5 L4 to S1
Non-Lordotic cage 0 (0.0%) 2 (5.4%) 11 (29.7%) 10 (27.0%) 3 (8.1%) 11 (29.7%)
23 (62.2%) 14 (37.8%)
Lordotic cage 1 (2.5%) 1 (2.5%) 15 (37.5%) 8 (20.0%) 3 (7.5%) 12 (30.0%)
25 (62.5%) 15 (37.5%)
Overall 1 (1.3%) 3(3.9%) 26 (33.8%) 18 (23.4%) 6 (7.8%) 23 (29.9%)
48 (62.3%) 29 (37.7%)
There are no relevant differences.

64 patients) were satisfied with the postoperative result. The
VAS improved significantly from preoperative mean
(M) = 8.9 points (Standard deviation, SD: 1.17) by 6 points
to M =29 (SD: 2.12, P <0.001) in the follow-up in our
patient population.

Lumbar Lordosis (LL)

First we asked whether we can confirm the improvement in
LL, SL, and PT as described in the literature in our patient
population using lordotic cages. We therefore compared ALL,
ASL, APT in both groups. In the case of a sample n > 30, nor-
mal distribution was assumed, despite the significant Shapiro—-
Wilk test (P < 0.05). Further, the data showed no extreme out-
liners (see Fig. 7) and equality of variance (Levene’s test
P > 0.05). Regarding LL, we found a decrease of 1° in NL-
group (M = 50°, SD: 11.5 preoperative to M = 49°, SD: 11.8
postoperative) and an increase of 6° in L-group (M = 51°, SD
11.7 to M = 57°, SD: 11.7) (see Fig. 7A), resulting in a differ-
ence of 7° (13.8%) between the two groups. The unpaired ¢-
test showed a significant difference between the two cage types
(73] = —8.8, P < 0.001, P,q; < 0.001).

Segmental Lordosis (SL)

In SL, we found no difference in NL-group (M = 15°, SD: 4.6
preoperative and postoperative) and increase of 5° in L-group
(M =13°SD =5.0to M = 18°, SD = 5.0) (see Fig. 7B), resulting

in a difference of 5° (33.3%) between the two groups. Again,
the unpaired t-test offered significant differences between the
two cage types (¢[73] = —7.54, P < 0.001, P,g; < 0.001).

Pelvic Tilt (PT)
In PT, we found no difference in NL-group (M = 20°, SD 7.3
[pre] and 6.6 [post]) and a decrease of 2° in L-group (M = 21°,
SD 7.6 to M = 19°, SD: 7.2) (see Fig. 7 ¢) resulting in a differ-
ence of 2° (10.0%) between the two groups. Regarding the t-test,
we found small but significant differences between the two cage
types (¢[73] = 2.71, P = 0.008, P,q; = 0.048).

In the synopsis, the expected radiological improve-
ments in LL, SL, and PT can be confirmed, measured on the
standing X-ray.

Oswestry Disability Index (ODI)

Second, we wanted to investigate if the radiological improve-
ment leads to a superior clinical outcome using lordotic
cages compared with non-lordotic cages in the follow-up.
We therefore compared ODI, RMS, and AVAS. Regarding
the ODI at follow-up, we found a mean of 25.5% (SD: 19.5)
according to a moderate disability in the whole population.
In group comparison, slightly higher values were found in
lordotic cage group (M = 28.3%, SD: 21.4) compared with
non-lordotic cage group (M = 22.6, SD: 16.7, 57%
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Fig. 7 Comparison of the radiological results between the two cage types. (A) Difference in LL (preoperative vs postoperative) (B) segmental lordosis
(C) pelvic tilt * denotes significant differences after unpaired t-test and Bonferroni correction for multiple testing (P < 0.05).

difference) without significant differences in t-test (¢[62] =
—1.16, P = 0.25, P,g; > 0.99) (see Fig. 8A).

Roland-Morris Score (RMS)

The mean RMS at follow up was 8.1 (SD: 6.4), according to
a small disability. In group comparison, we could distinguish
similar results in both groups (lordotic cage: M = 9 points,
SD: 7.2 vs non-lordotic cage (M = 8 points, SD 5.3, 1 point
difference) without significant differences in t-test (¢
[62] = —0.78, P = 0.48, P,q; > 0.99) (see Fig. 8B).

Visual Analog Scale (VAS)
In group comparison, VAS shows a slightly higher starting
point (VAS 9.0, SD 1.12)) in the non-lordotic group

compared to the lordotic group (VAS 8.9, SD 1.12). The end
point is somewhat lower in the non-lordotic group (VAS 2.6,
SD 1.81) compared to the lordotic group (VAS 3.4, SD 2.31),
so that in the summary the difference preoperatively to post-
operatively is minimally higher in the non-lordotic group
(6.4 points decrease vs 5.5 points decrease, 0.9 points differ-
ence) without statistical significance in the unpaired t-test (¢
[62] = 1.54, P = 0.128, P,g; = 0.768) (see Fig. 8C).

Subgroup Analysis

To enable a deeper understanding of the data set, we calcu-
lated the differences in ODI, RMS, and VAS between the
cage groups for sex, age, follow-up time, classification of
indication, and BMI (see Table 3). Significant better results
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Fig. 8 Comparison of the clinical results between the two cage types. (A) ODI (postoperative) (B) Roland—Morris Score (postoperative) (C) Difference
in VAS (preoperative vs postoperative). All clinical scores show no significant differences between the two cage types.

for the NL-Group in VAS were found in osteochondrosis
(classification of indication) (M = 6.7 vs 52; A = 1.5,
P =0.029) and for follow-up time less than 4 years (M = 6.6
vs 4.7; A = 1.4; P = 0.047). The L-group showed significantly
better results in follow-up time of more than 4 years
(M =64 vs 82; A = 1.8; P = 0.035). In summary, in the
long-term follow-up of more than 4 years, there appears to
be a tendency towards the clinical superiority of the lordotic
cage. However, this subgroup (lordotic cage and more than
4 years follow-up) is rather small with eight patients.

In conclusion, we had to reject our hypothesis that the
radiological improvement leads to a superior clinical out-
come using lordotic cages in the follow-up.

Independent Influence Factors

Multivariate Analysis

Further, we searched for influencing factors on ODI and
RMS. Therefore. a multivariate analysis (MANOVA) was
used to evaluate different factors (BMI, age, gender, cage
type, and preoperative SS) on postoperative ODI and
RMS. The results indicate a significant multivariate influ-
ence across all variables of BMI (Wilks A = 0.57, F
[4, 44] =3.61, P = 0.012) and preoperative SS (Wilks
A = 0.66, F [4, 44] = 2.54, P = 0.048). Age, gender, cage
type, and postoperative PT had no significant influ-
ence (P > 0.05).
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TABLE 3 Subgroup analysis for age, gender, classification, follow-up time, and BMI

Number of patients (N) oDI RMS AVAS
Characteristics NL-Group L-Group NL-Group L-Group NL-Group L-Group NL-Group L-Group
Sex
female 13 18 13.4 (SD: 10.5)  21.7 (SD: 19.3) 5.6 (SD: 5.0) 5.9 (SD: 6.7) 6.2(SD:2.4) 6.5 (SD:2.5)
male 16 17 30.1 (SD: 17.6)  35.2 (SD: 21.9) 9.1(SD:5.2) 11.5(SD:6.7) 6.6(SD: 1.5) 4.5 (SD: 2.3)
Age
< 60 years 15 14 20.3(SD:16.3) 25.1(SD 20.7) 6.5 (SD: 5.3) 7.2 (SD:7.1) 6.8 (SD:2.0) 6.0 (SD:2.5)
> 60 years 14 21 25.1(SD:17.8)  30.4 (SD:22.2) 8.5 (SD: 5.3) 9.6 (SD:7.2) 6.0(SD:1.7) 5.2 (SD: 2.7)
Follow-up time
< 4 years 8 27 25.0 (SD: 20.4)  31.7 (SD: 21.6) 8.3 (SD: 5.9) 9.4(SD:7.2) 6.6(SD:1.3)* 4.7 (SD: 2.4)*
> 4 years 21 8 21.7 (SD: 15.8)  16.8 (SD: 17.3) 7.2 (SD: 5.2) 6.0(SD:6.9) 6.4 (SD:2.1)* 8.2 (SD: 1.4)*
Classification
Osteochondrosis 20 18 23.6 (SD: 18.7) 26.4 (SD: 19.0) 8.2(SD: 5.9) 9.1(SD: 6.8 6.7(SD: 2.0)* 5.2(SD: 2.1)*
Spondylolisthesis 9 17 20.4 (SD: 12.4)  30.2(SD: 24.1) 6.1 (SD: 3.5) 8.2(SD:7.8) 5.8(SD:1.6 5.9 (SD: 3.1)
BMI
<25 7 12 14.0 (SD: 10.5)  14.5(SD: 9.9) 3.9 (SD: 3.6) 4.5(SD:3.5) 6.9(SD: 2.0) 6.5 (SD: 2.2)
25t0 31 11 10 22.5(SD:15.3)  31.6 (SD: 20.8) 8.5 (SD: 4.5) 9.9(SD:7.5) 6.3(SD:2.0) 6.2 (SD: 2.9)
> 32 7 5 32.3(SD:22.8) 50.0(SD:25.7) 10.6(SD:6.8) 14.0(SD:8.5) 5.4 (SD: 1.5) 4.4 (SD: 2.2)
*Denotes significant differences in group comparison (P < 0.05).

Univariate Analysis
Regarding the univariate analysis, we found again a signifi-
cant influence of BMI on ODI (F [2, 23] = 6.08, P = 0.008)
and on RMS (F [2, 23] = 7.21, P = 0.004).

In conclusion, we were able to proclaim BMI and pre-
operative SS as clear influencing factors on the clinical
outcome.

Implants Evaluation

In the follow-up, we found no pseudoarthrosis or implant
associated complications like screw loosening, cage disloca-
tion, or rod breakage. Metal removal due to allergic reactions
was not necessary in our population.

Complications

As complications, we had three intraoperative dura injuries
treated with suture and Tachosil® patch (matrix with human
fibrinogen and human thrombin) (see Fig. 9). All dura inju-
ries were noticed intraoperatively and healed without conse-
quences. Two patients had to be revised superficially due to
wound-healing disorders.

Discussion
In this study, we report an enormous increase in LL, SL
and a small increase in PT using a lordotic cage vs very
small improvement in non-lordotic cages, resulting in a
clear, significant difference between the two groups. Further,
we could not confirm a superior clinical outcome using lor-
dotic cages compared with non-lordotic cages in the follow-
up, but could identify BMI and preoperative SS as clear
influencing factors on clinical outcome.

Cage Design and Approach

The use of a TLIF cage in degenerative spine surgery of the
lumbar spine has become popular in recent decades due to
many advantages, but with anterior lumbar interbody fusion
(ALIF) and the extreme lateral interbody fusion (XLIF)
approach there are also alternatives.

Comparing TLIF with ALIF'’, which also requires an
anterior approach, there is a shorter mean OR time, less
blood loss, less patients requiring ICU, and a shorter hospital
stay in TLIF procedure®. In biomechanical studies, the TLIF
cage in combination with pedicle screws shows comparable
segmental stability to the ALIF cage, despite the smaller con-
tact area'’.

Another alternative to the TLIF is the XLIF, which was
first published in 2006'. Contrasting the two techniques,
Sembrano et al. found similar clinical outcomes after
2 years®>. TLIF group had superior improvement of ODI
(57%) compared to XLIF (53%) and lower complication rate,
so hip flexion weakness only occurred in the XLIF group
(31%). However, XLIF group had lower blood loss (79% of
cases <100 mL) compared to TLIF group. Based on these
facts, we still see the TLIF technique used in this study as the
leading interbody fusion technique for majority of the cases.

Radiological Results

Improving the LL is an undisputed goal in lumbar spine sur-
gery and had a major impact on the development of cages in
recent years. Examining the effect of lordotic cages, Godde
et al. observed that lordotic cages significantly increase SL
(3-8°) and LL (45° to 53°) using posterior interbody fusion
technique (PLIF)**. We found comparable results with an
improvement of 5° in SL and 6° in LL using lordotic cages.
Sembrano et al. also reproduced the significant increase in
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Fig. 9 (A) Preoperative MRI scan of a 70-year old man with an instability of L4/5 after previous decompression surgery. (B) Transverse view (MRI) at
level L 4/5 with fluid sign (red arrows) as a sign of instability (C) The preoperative radiograph in a standing position shows segmental hyperlordosis
of 10° and a retrolisthesis. (D) Three days after surgery the transverse view (MRI) demonstrates an accumulation of liquor after suturing of the dura
(blue arrows). (E) The lateral X-ray shows a slight decrease in segmental lordosis by 1° to 9°. (F) In the follow-up after 2 years, a secure bony fusion

is evident.

SL using lordotic XLIF cages compared to non-lordotic XLIF
cages but to a smaller extent (2.8° to 0.6°)*'. This small
increase is surprising, especially since in the XLIF technique,
a direct expansion of the intervertebral disc compartment is
possible. Other studies found higher increases in SL using
XLIF cages. So, Malham et al. found a nearly doubled
increase of 7.9°~9.4° in SL using XLIF cages> . Juxtaposing
ALIF, XLIF, and TLIF Watkins et al. could prove the highest
increase in SL (4.5°) in ALIF procedure, due to the possibil-
ity to resect the anterior longitudinal ligament, followed by
XLIF procedure (2.2°), and TLIF procedure (0.8°).

In conclusion, ALIF and XLIF cages seem to be a bet-
ter possibility for relordosing the lumbar spine compared to
TLIF cages, despite the wide range of values. However, our
data show a higher correcting potential of the TLIF cage
compared to other studies.

Contemplating the clinical outcome of lumbar inter-
body fusion techniques, the literature shows good postopera-
tive functional scores. So, Schimmel et al. indicate a mean
postoperative ODI score of 31% in lumbar interbody fusion
using PEEK cages and an anterior approach®. Observing
one-level fusions with TLIF cags, Hackenberg et al. found an
mean postoperative ODI of 33%*. In our study we found a

lower mean postoperative ODI with 25.5% using posterior
open approach and TLIF cages. However, there are also stud-
ies in the literature with even lower postoperative ODI
values, such as Park et al. with 16% ODI 2 years postopera-
tively after minimally invasive TLIF or Pavlov et al. with
24% after ALIF'® *. In summary, no superior interbody
fusion technique can be found, especially since the postoper-
ative ODI scores vary widely depending on the patient
population.

Clinical Results

The focus of our work was the relationship between sagittal
alignment parameters and postoperative pain. Previous stud-
ies were able to prove the interrelation between LL and lum-
bar back pain. In an epidemiological study by Tsuji et al.
including 509 people aged 50-85 years, VAS was signifi-
cantly inversely correlated with LL*°. However, it must be
mentioned that the difference in LL between the groups in
this study was only 4°. This result is supported by a large
meta-analysis with 796 patients with LBP and 927 healthy
controls. Here, Chun et al. revealed a strong relationship
between LBP and decreased LL*". Also Schwab et al. could
document a clear correlation of LL and ODI in adult
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deformity®. Due to the relation between LBP and decreased
LL, we hypothesized that a postoperative increase in LL also
leads to an improvement in clinical outcome, but we could
not confirm a correlation.

From the authors’ perspective, the following reasons
are conceivable. First, in large cases with pedicle subtraction
osteotomies and an enormous change in the sagittal profile,
an influence of the LL (especially in relation to the pelvic
incidence) on the clinical outcome has been proven®. How-
ever, to the best of our knowledge, no study on mono- or bi-
segmental fusion was able to demonstrate a connection
between improvement in LL and improvement in VAS.
Therefore, in the present study, with a special perspective on
the cage design, a lack of correlation between LL and VAS is
not surprising. Secondly, the effect described above seems to
be relatively small and may only be detectable in very large
populations. For example, other studies like Ashraf et al.
found no significant correlation between LL and ODI, in
150 patients with lumbar back pain®’. Finally, the influence
of LL might be overlaid by other causes of postoperative
pain, such as residual lumbosacral pain referring to the
sacroiliac joints or the sacrosciatic ligaments and scarred
changes in the paraspinal muscles, unlike in populations
without previous surgery“.

Independent Influencing Factors on Functional Outcome
Other interesting parameters are the sagittal alignment
angles PT and SS. PT is often increased in patients with
degenerative changes in the lumbar spine (pelvic retrover-
sion) to compensate a decreased LL. In the literature, some
authors were able to confirm a correlation between PT and
clinical outcome after spinal fusion. The normal value for PT
is 12° (SD: 7.0), according to an investigation of 268 asymp-
tomatic Caucasian and Japanese subjects*’. Based on this
study, significantly increased values with over 20° PT could
be found in our population. But elevated postoperative
values for PT after lumbar fusion are previously described in
literature (Lazennec: 22.2°, Bourghli: 19.9°)*> **, Considering
the multivariate analysis, no correlation of postoperative PT
and clinical outcome could be concluded in our data, as
other authors have done for patients with spondylolisthesis
and lumbosacral fusion®>. However, in the first publication
dealing with a rather small number of patients, many differ-
ent radiological and clinical parameters were correlated, so
the problem of multiple testing may not have been suffi-
ciently taken into account. The second publication argues
with two groups: The first group without postoperative pain
had a postoperative PT of 14°, the second group with post-
operative pain had a PT of 26°, which differs significantly. In
the second group, however, the PT increased due to fusion
with an average of 6° (20° to 26°), which leads to a signifi-
cant deterioration in sagittal alignment and understandably
leads to an increase in pain. In summary, no study can be
found that can prove a connection between PT and VAS in
short-segment fusions.

Lorporic VS Non-Lorpotic TLir-CAGES

Regarding SS, we have categorized the data according
to the Roussouly classification®®. In his classification,
Roussouly describes type 4 with SS over 45 ° and an
increased tendency to spondylarthrosis and spinal stenosis.
In our data, patients with preoperative SS over 45° (N = 8)
postoperatively showed a worse outcome with on average
almost twice as high ODI values compared to the other
patients. We therefore recommend giving SS special consid-
eration in preoperative planning and indication.

Study Limitations

Due to the study design, the time to follow-up is different in
both groups. This may lead to some bias, particularly regard-
ing the clinical outcome. However, the follow-up period is
quite long so this difference should not have a major impact.
In order to eliminate this problem, a prospective study
should be carried out.

Conclusion

In this study, we were able to show that the correction
potential of lordotic TLIF cages is comparable or, depending
on the study, even superior to anterolateral inserted cages.
We therefore recommend using lordotic cages. Referring to
the sagittal profile, it is generally accepted that upright stand-
ing means the need to maintain balance. This requires an
intact profile of the spine in harmonious conjunction with
ligamentous and muscular structures. Nevertheless, neither
in this study with the main focus on the cage design nor
other comparable studies has it been possible to prove the
clinical benefit of improved sagittal alignment. Finally, we
think that factors such as the correct indication, adequate
decompression, and careful handling of the soft tissues make
up the main part of the success, and the minimal difference
in the LL is therefore of subordinate importance.
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