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ABSTRACT

Introduction. Currently, the standard treatment of degenerative spondylolisthesis involves pedicle screw fixation to
enhance the success of intervertebral fusion. The traditional pedicle screw techniques require extensive lateral muscle
dissection, resulting in significantly increased surgical-related morbidity. To address some of these shortcomings, the
Midline Lumbar Interbody Fusion (MIDLIF ) technique has recently been developed. It involves the combination of
the cortical bone trajectory screw fixation of the spine with intervertebral cage placement to achieve a solid interbody
fusion. So far, the clinical efficacy of the MIDLIF technique in the treatment of low-grade degenerative spondylolisthesis
is still unknown. All existing publications are studies with a low level of relevance or scientific evidence.

Materials and methods. A prospective randomized controlled trial was conducted between 2017 and 2022. The study
analyzed the clinical and radiological effectiveness of the MIDLIF arthrodesis technique compared to the traditional
lumbar interbody fusion techniques, used exclusively in the treatment of degenerative lumbar spondylolisthesis.

Results. The study enrolled 112 eligible patients with degenerative low-grade spondylolisthesis, randomly assigned
into two groups. At 1 year post-operatively, MIDLIF provided a significantly better improvement in postoperative relief
of low back pain and radiating pain, as well as a significantly better functional recovery. Additionally, MIDLIF resulted
in lower surgical morbidity compared to traditional fusion techniques.

Conclusions. The success rate of MIDLIF arthrodesis is similar to that associated with traditional fusion techniques. At
the same time, MIDLIF offers all the specific benefits of a minimally invasive approach, such as less postoperative pain,
faster functional recovery, less bleeding, and fewer blood transfusions. Thus, MIDLIF might be a good alternative to the
traditional intervertebral fusion techniques in the treatment of degenerative low-grade spondylolisthesis.
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Key messages

What is not yet known on the issue addressed in the submit-
ted manuscript

The efficacy of the midline lumbar interbody fusion technique
(MIDLIF) in the treatment of degenerative spondylolisthesis is still
unproven. The benefits and technical limitations of the neuronavi-
gation guidance of the cortical bone trajectory (CBT) pedicle screw
insertion are unclear and not fully studied.

The research hypothesis

MIDLIF arthrodesis with CBT screws can provide similar fusion
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rates as the traditional surgical techniques. At the same time, the MIDLIF method should offer the advantages that are specific
to minimally invasive surgical techniques, such as less intraoperative bleeding, less need for blood transfusions, lower postop-

erative pain intensity, faster functional recovery, etc.

The novelty added by the manuscript to the already published scientific literature
To the best of our knowledge, this is the first prospective, randomized controlled trial to investigate the clinical and radiological
efficacy of the MIDLIF arthrodesis, which is used exclusively in the treatment of degenerative spondylolisthesis.

Introduction

Back pain has been called the , disease of the 21st centu-
ry” because it has become a challenge for the public health
system and is the leading cause of disability worldwide.
Back pain is one of the dominant symptoms of ageing of the
spine and affects up to 85% of the adult population at least
once in their lifetime. Back pain is also one of the main caus-
es of health care claims and sick leave in highly industrial-
ized countries. Worldwide, back pain is the most common
cause of work-related disability in people under 45 years
of age and the third most common cause in people over 45
years of age.

In the 2010 and 2017 Global Burden of Disease studies,
out of 291 pathologies analyzed, low back pain ranked as
the largest contributor to global disability, being the leading
cause of disability in 126 out of 195 countries.

Due to the intense process of demographic ageing, spe-
cific to the Republic of Moldova, the treatment of back pain
is becoming a major priority for our medical system, which
requires a systematic multidisciplinary approach.

The main causes of chronic back pain are the degenera-
tive changes in the spine, such as yellow ligament and facet
joints hypertrophy, the bulging of the posterior wall of the
intervertebral disc, and marginal osteophyte formation, all
of which lead to spinal canal stenosis, often associated with
low-grade degenerative spondylolisthesis, which is an in-
dicator of segmental instability of the spine. Lumbar spon-
dylolisthesis is a condition of the spine involving the slip-
page of the upper vertebra in relation to the adjacent lower

vertebra, resulting in narrowing of the neural foramina and
compression of the emerging nerve roots.

With an annual incidence of 0.83% and a prevalence
of 2.7% among men and 8.4% among women, we should
now have around 15000 patients with lumbar degenerative
spondylolisthesis in the Republic of Moldova, with a rate of
21612 new cases per year.

Currently, the standard intervertebral arthrodesis tech-
nique used in the treatment of degenerative spondylolisthe-
sis involves osteosynthesis of the spine with transpedicular
screws to enhance the success of bony fusion. The tradition-
al techniques are very traumatic as they require extensive
lateral dissection and tissue retraction to achieve an optimal
screw placement angle, resulting in significantly increased
operating time, considerable bleeding, increased morbidity,
and a high rate of postoperative complications. To address
some of these shortcomings of the traditional approach, the
Midline Lumbar Interbody Fusion (MIDLIF®) technique has
recently been developed. It involves the combination of the
CBT screw fixation of the spine with intervertebral cage
placement in order to achieve a solid interbody fusion (Fig.
1). The first report on this technique dates to 2009. Santoni
et al. proposed the trajectory through the cortical bone and
demonstrated that CBT screws have 30% higher pull-out
strength resistance than traditional pedicle screws [1].

Subsequently, many morphometric and biomechani-
cal studies have been carried out, demonstrating that CBT
pedicle screws possess biomechanical properties equivalent
to and sometimes superior to those of traditional pedicle

Fig. 1 Midline Lumbar Interbody Fusion (MIDLIF).
Three-dimensional CT reconstruction (Left), CBT screws in the L4 (Centre) and L5 (Right) vertebrae.
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screws [2-9]. However, the clinical efficacy of the MIDLIF
technique in the treatment of low-grade degenerative spon-
dylolisthesis is still unknown. All existing publications are
studies with a low level of scientific evidence relevance,
with most of them being observational, retrospective, or co-
hort studies. The only randomized clinical trial, published
by Lee et al. in 2015 [10, 11], examines the efficacy of CBT
screw fixation applied in a wide variety of degenerative
spinal pathologies (canal stenosis with or without spon-
dylolisthesis, degenerative disc disease, repeated herniated
disc recurrences). To date, there have been no prospective,
randomized, controlled clinical trials comparing the effica-
cy of the MIDLIF technique with that of traditional lumbar
arthrodesis techniques (PLIF, TLIF) used exclusively in the
treatment of degenerative spondylolisthesis.

To address this particular scientific problem, it was de-
cided to conduct a randomized clinical trial to study the
clinical efficacy and technical limitations of midline lumbar
interbody fusion (MIDLIF) with CBT screws in order to de-
velop an optimized algorithm for the assessment and treat-
ment of patients with degenerative spondylolisthesis.

Materials and methods

A scientific and analytical study was carried out between
2017 and 2022 at the Department of Neurosurgery of the
»Timofei Mosneaga” Republican Clinical Hospital, using the
model of prospective and non-inferiority controlled clini-
cal trials with randomized selection of group subjects. The
study analysed the clinical and radiological effectiveness of
the MIDLIF arthrodesis technique compared to the tradi-
tional lumbar interbody fusion techniques (TLIF or PLIF),
used exclusively in the treatment of degenerative lumbar
spondylolisthesis.

The scientific research project was favorably approved
by the Research Ethics Committee of Nicolae Testemitanu
SUMPh (minutes no.44 from December 12, 2016).

To achieve the planned objectives, after applying the in-
clusion and exclusion criteria, patients were assigned to two
study groups:

= Research group L, included patients treated by the
Midline Lumbar Interbody Fusion (MIDLIF) experi-
mental technique;

= Control group L, was composed of patients treated
by the traditional surgical techniques of PLIF or TLIF
interbody fusion.

The sample size was estimated by applying the respec-
tive formula:

1 2z, +z,}P(1-P)
TN @B-rY

where:
= P, = proportion of patients in whom intervertebral
fusion was achieved by the traditional method. Ac-
cording to the literature [12, 13], the success rate
of achieving radiologic fusion in patients with spon-
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dylolisthesis using the traditional technique was
75.0% (P, =0.75);

= P, = the proportion of patients in the research group
who had successful intervertebral fusion. We assume
that the success rate of treatment after application of
the new modified surgical technique will increase to
95.0% (P, =0.95);

= P=(P,+P,)/2=0.85;

= 7 - tabular value. When “a” - significance threshold
is 5%, then the coefficient Zo = 1.96;

"Z- tabular value. When “B” - the statistical power of
comparison is 80.0%, then the coefficient ZB =0.84;

= f = the expected study dropout rate for various rea-
sons q =1/(1-f), f=10.0% (0.1).

Entering the data into the formula, we obtained:

1 2(1.96+0.84)" x0.85x0.15 _

_ , 56
"Tio0)T (075-095)

Therefore, two groups were created for the research: the
L, research group, which included no less than 56 patients
with degenerative spondylolisthesis to whom the experi-
mental surgical technique was applied, and the L, control
group, which included no less than 56 patients with degen-
erative spondylolisthesis to whom the traditional surgical
technique was applied.
The randomization rate between the research groups
was 1:1.
The study inclusion criteria were:
= the presence of indications for surgical treatment by
arthrodesis in cases of degenerative spinal disorders
such as spondylosis associated with spondylolisthe-
sis, foraminal stenosis, severe disc degeneration, and
spinal degenerative instability;
= low grade of spondylolisthesis (grade I-1I);
= age: 18 years and over;
= the patient is competent to give informed consent;
= acceptance to participate in the research.
The study exclusion criteria were:
= spondylolisthesis with high degree of vertebral slip-
page (Meyerding grades III-V);
= need for arthrodesis at 3 or more vertebral levels;
= spinal canal stenosis of non-degenerative origin: tu-
mor, trauma, etc.;
= previous lumbar interbody fusion surgery;
= active systemic or local infection;
= severe spinal osteoporosis (DEXA T-score of -2.5 or
less);
= presence of contraindications for surgical treatment
(such as severe medical co-morbidities, administra-
tion of immunosuppressive therapy, etc.);
= lack of a permanent residence address in the Repub-
lic of Moldova, emigrants;
= patient is unable to give voluntary consent;
= patient refusal to participate in research.
The primary outcome measurement for assessing treat-
ment efficacy was the successful fusion rate at 1 year post-
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operatively, as assessed by the presence of a continuous
fusion mass either inside or outside the cage as seen on
high-resolution, thin-slice three-dimensional computed to-
mography (CT) reconstructions.

To quantify the clinical effectiveness of the studied fu-
sion techniques, data were collected prospectively from
self-assessment questionnaires, which were completed by
patients during the follow-up visits (preoperative, 1 month,
3 months, 6 months, and 1 year postoperatively).

The secondary outcome parameters included the inten-
sity of low back pain and radiating pain, functional status,
quality of life, and surgical morbidity. To assess the clinical
effect on the improvement of the pain syndrome, the visual
analogue pain scale (VAS) was used. Postoperative function-
al recovery was assessed using the Oswestry Disability In-
dex (ODI) score questionnaire, which is a standard method
of measuring the degree of disability associated with back
pain. The influence of surgical treatment on health-related
quality of life improvement was assessed by the SF-12 ques-
tionnaire. Surgical morbidity assessment included record-

Mold J Health Sci. 2023;10(1):9-15

ing of operation time, incision length, estimated blood loss,
need for blood transfusion, hospital stay, and encountered
complications (dura mater lacerations, CSF leak, wound in-
fections, pedicle and pars fractures, mechanical screw fail-
ures). Additionally, the degree of iatrogenic muscle injury
was assessed by the increase in serum creatine kinase levels
the first few days after surgery.

Results

The study enrolled 112 eligible patients with degener-
ative low-grade spondylolisthesis, randomly assigned into
two groups. Patients were similar between groups consid-
ering demographic characteristics such as age, gender, body
mass index, smoking status, comorbidities, and fused lum-
bar level (p > 0.05). The groups were also homogeneous
preoperatively in terms of the VAS score for low back pain
and radiating leg pain, the Oswestry Disability Index score,
as well as the physical (PCS) and mental (MCS) components
of the SF-12 score.

According to the CT scan, a solid interbody fusion (BSF

Locked pseudoarthrosis BSF-2 (first two images from left) and Solid Fusion BSF-3 (last two images) on CT imaging.

grade 3) at one year after surgery was achieved in 47 pa-
tients (83.9%) in group L, and 50 patients (89.3%) in group
L, with no significant difference between groups. A solid fu-
sion through the vertebral plateaus associated with a hori-
zontal area of radiolucency through the middle of the cage
or intervertebral space (Fig. 2), described in the literature
as “locked pseudoarthrosis”, corresponding to a grade 2 fu-
sion according to the Brantigan and Steffee (BSF) classifica-
tion, was observed in 9 patients (16.1%) in the group L, and
6 patients (10.7%) in the group L,. No cases of true pseu-
doarthrosis (BSF-1) were radiologically confirmed in either
study group (Tab. 1). The difference in fusion rates between
groups was not statistically significant, with the p-values for
both the Pearson Chi-Square test (p = 0.405) and the Fisher
exact test (p = 0.580) being much greater than 0.05.

Table 1. Success rate of interbody fusion.

Fusion type Brantiganand L group L, group
Steffee

Radiographic pseudoarthrosis BSF-1 0 0

Locked pseudoarthrosis BSF-2 16.1% 10.7%

Radiographic fusion BSF-3 83.9% 89.3%

Note: BSF - Brantigan and Steffee classification of pseudoarthrosis.

The VAS score for low back pain at 1 year after surgery
was significantly lower than the preoperative level in both
groups, with the mean score decreasing from 7.18+2.22
pre-op to 3.48+1.57 at 1-year post-op in the L, group and
from 7.3£1.9 to 1.82+1.34 in the L, group. The VAS score for
back pain at 1-year post-op was significantly lower in the L,
group (p < 0.001). The VAS score for low back pain was also
significantly lower in the L, group compared to the L, group
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at 1 month and 6 months postoperatively (p < 0.05), but this
difference was not identified at 3 months post-op.

Similarly, the VAS score for radiating pain in the lower
limbs improved significantly in both groups after surgery,
with the mean score decreasing from 7.34+2.08 preopera-
tively to 2.27+1.61 at 1 year postoperatively in the L, group
and from 7.54+2.18 preoperatively to 0.73+1.29 at 1-year
post-op. The difference between the groups at 1-year post-
op was highly statistically significant (p < 0.001). Statistical
analysis failed to identify a significant difference between
the groups for the radiating pain VAS score at 1 month, 3
months, and 6 months post-op.

The Oswestry Disability Index score also improved signif-
icantly in both study groups after surgery, from 51.79+15.22
pre-op to 24.06+12.28 at 1-year post-op in the L, group and
from 46.45+15.77 to 11.51+8.66 in the L, group, the differ-
ence being of strong statistical significance (p < 0.001). Also,
a significant difference in ODI score between groups was
found at 1 month (p < 0.001) and 6 months (p < 0.001), the
functional improvement being more evident in the research
group.

The improvement in health-related quality of life after
treatment was assessed using the SF-12 score. The mental
component summary (MCS) of the SF-12 score improved
from 39.15+10.89 preoperatively to 51.05+9.2 at 1-year
post-op in the L, group and from 42.01+12.19 to 54.84+7.15
at 1-year post-op in the L, group, the difference between
groups being statistically significant (p < 0.05). There was
also a significant difference between the study groups at 6
months postoperatively. However, no difference could be
found between the groups at 1 month and 3 months post-op.
At the same time, the physical component (PCS) of the SF-
12 score improved from 27.15+7.33 pre-op to 37.41+8.09
in the L, group and from 27.58+7.43 pre-op to 46.34+7.39
at 1-year postoperatively in the L, group, the difference
between groups being statistically significant (p < 0.001).
The improvement of the physical component of the SF-12
score was significantly greater in the L, group at 1, 3, and 6
months postoperatively (p < 0.05).

Regarding surgical morbidity, the L, group was associ-
ated with better outcomes as compared to the L, group in
terms of intraoperative bleeding volume (p < 0.001), need
for blood transfusions (p < 0.001), operative time (p < 0.05),
incision length (p < 0.001), and increase in creatine kinase
serum levels the first few days after surgery (p = 0.01). The
general complication rate did not differ significantly be-
tween groups. Due to the neuronavigation guidance, there
were no screw misplacements in either group. Mechani-
cal problems such as pars or pedicle fracture due to screw
placement, screw fracture or migration were not encoun-
tered in any patients in either group.

However, in both groups there were cases of inadvert-
ent injury to the dura mater (5 cases in the control group
and 4 cases in the study group), with one patient in the L,
group having postoperative CSF leakage through the wound
and one patient in the L group having superficial wound in-
fection. Both complications (CSF leakage, wound infection)
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were resolved without repeated surgery. One patient from
each group developed adjacent level disease (at 5 years
post-op in the group L, and 2 years post-op in group LO).
Both patients underwent minimally invasive decompres-
sion surgery without additional fusion.

Discussion

Lumbar fusion is widely used to treat lumbar spine
disorders, including degenerative spondylolisthesis. Most
of the spine fusions are performed with the aid of pedicle
screw fixation because of the higher success rates. However,
the use of pedicle screws has some important drawbacks.
One is the need for a long skin incision and significant later-
al muscle dissection due to the far lateral screw entry point.
Pedicle screw fixation may lead to the risk of injuring the
posterior medial branch of the spinal nerve, denervation of
the paravertebral muscles, and superior facet joint viola-
tion, all of which lead to biomechanical failure and persis-
tent lower back pain.

In 2009, Santoni et al. introduced a novel method of
pedicle screw insertion known as the cortical bone trajec-
tory (CBT), which follows a medial-to-lateral path in the
transverse plane and a caudal-to-cephalad path in the sagit-
tal plane through the pedicle. The purpose of the trajectory
was to maximize the thread contact with the zone of higher
bone density. Santoni found that CBT screws and traditional
pedicle screws have equivalent pull-out strengths and tog-
gle characteristics. CBT screws exhibit a 30% increase in
uniaxial pull-out strength relative to pedicle screws [1].

Matsukawa et al. first highlighted in an in vivo study that
the insertional torque of the CBT technique was higher than
in the traditional pedicle technique.

The first comparison between CBT and traditional pedi-
cle fixation for lumbar fusion was reported in 2015 by Lee
et al. in a prospective randomized noninferiority trial [10].
Seventy-nine eligible patients were randomly assigned to
either CBT or pedicle groups. The primary study endpoint
was the fusion rate. Secondary end points included the in-
tensity of lower back pain and pain radiating to the legs as
measured by visual analogue scales, functional status im-
provement as measured by the ODI scale, surgical morbid-
ity, and other outcomes such as mechanical screw failure
and pedicle fractures. At the 12-month follow-up, similar
fusion rates were observed in both groups. As for clinical
outcome, CBT fixation provided similar improvements in
pain and functional status. CBT fusion also resulted in a
significantly shorter incision length, less blood loss, and a
lower operative duration. Therefore, CBT screws in poste-
rior lumbar interbody fusion provided similar clinical and
radiologic outcomes compared with pedicle screws [14].
The study had some major limitations, like an insufficient
sample size, a short follow-up period, and a broad spectrum
of treated degenerative conditions.

Our study yielded several important findings. Similar
fusion rates (>80%) were observed in both groups at the
12-month follow-up, with no significant statistical differ-
ence between the groups.
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Fig. 3

Mean VAS for back pain (left), mean VAS for radiating pain to the lower extremity (center), and mean ODI (right) scores by time points.
The VAS and ODI were collected at each follow-up.

All BSF-2 arthrodesis cases were assessed by CT 2 years
after surgery. None of the cases showed negative progres-
sion to true pseudoarthrosis. If we accept the statement
that “locked pseudoarthrosis” (BSF-2) is a biomechanically
stable construct that can be accepted as a satisfactory inter-
body fusion, we can consider that in both groups the suc-
cess rate of arthrodesis was 100%.

Clinically, both techniques have been very effective in re-
lieving the back pain, the radiating pain, and the functional
disability. However, MIDLIF provided a significantly better
improvement in VAS of low back pain and radiating pain in
the lower limb and a lower ODI score at 1 year post-oper-
atively (Fig. 1), which is probably due to the minimally in-
vasive nature of the experimental technique. In addition,
MIDLIF resulted in lower surgical morbidity measured by
incision length, operation time, blood loss and the need for
blood transfusions, and the severity of muscle damage ex-
pressed by increased serum CK levels in the first postop-
erative days, compared to TLIF or PLIF. The reduction of
surgery-related morbidity may be attributed to the medial
insertion point and the medial-to-lateral trajectory of CBT
screws, with shorter skin incisions and less lateral muscle
dissection and retraction.

Our study partially confirms the results of the two oth-
er randomized controlled trials, which have demonstrated
the efficacy of CBT screws in achieving a high fusion rate
(>80%), lower surgical-related morbidity, and satisfactory
clinical outcomes in the treatment of a broad spectrum of
degenerative spinal pathologies [10, 15]. However, unlike
our trial, the aforementioned studies found no difference
between the groups in terms of back pain relief and func-
tional recovery.

Conclusions

Based on the present study, we suggest that MIDLIF is a
safe and effective technique for the treatment of degenera-
tive spondylolisthesis. The MIDLIF technique provides the

vertebral segment with adequate biomechanical stability,
sufficient to achieve a solid interbody fusion. The success
rate of intervertebral fusion in the MIDLIF technique is
similar to that associated with traditional spondylolisthe-
sis techniques. At the same time, MIDLIF offers all the spe-
cific benefits of a minimally invasive surgical technique,
such as less postoperative pain, faster functional recovery,
less bleeding, and fewer blood transfusions. Thus, MIDLIF
might be a good alternative to the traditional fusion tech-
niques in the treatment of degenerative low-grade spon-
dylolisthesis.
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