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Can minimally invasive transforaminal 
lumbar interbody fusion achieve a better clinical 
and radiological outcome than traditional open 
technique in isthmic spondylolisthesis?
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Abstract 

Background Spondylolisthesis is a prevalent condition in the lumbar spine that can cause low back pain, leg pain, 
neurogenic claudication, and impact health-related quality of life in symptomatic individuals.

Aim to assess the results of minimally invasive TLIF (MIS-TLIF) versus open-TLIF and the impact of correcting spino-
pelvic parameters on the Health-Related Quality of Life (HRQoL) in patients with low-grade isthmic spondylolisthesis. 
The primary objective was to compare the effectiveness of both methods in correcting spinopelvic parameters. The 
secondary objectives involved comparing clinical improvement, operating time, blood loss, complications, and post-
operative hospital stays between the two procedures.

Patients and methods Seventy-two patients with low-grade isthmic spondylolisthesis were enrolled in this ret-
rospective cohort-control study, with a minimum follow-up period of 18 months. Disability was assessed using 
the Oswestry Disability Index (ODI), while back and leg discomfort were rated using the Visual Analogue Scale (VAS) 
for each patient. The measurements comprised the sacral slope (SS), pelvic tilt (PT), pelvic incidence (PI), and Meyerd-
ing slip grades. We measured lumbar lordosis (LL), and segmental lordosis.

Results The seventy-two patients were 60 female and 12 males. There was no statistically significant difference 
in the duration of operation between the two groups. In the MIS group, there was a notable reduction in blood loss, 
higher radiation exposure, and a shorter hospital stay (P < 0.001). The back VAS showed more favorable outcomes 
in the MIS-TLIF, while the leg VAS showed better results in the Open-TLIF in the early outcome. Both procedures 
significantly reduced leg and back pain VAS scores and ODI, with no notable difference between the two groups 
at the final follow-up. Post-surgery, the pelvic incidence (PI) and lumbar lordosis (LL) matched properly in all patients, 
showing a rise in LL and sacral slope along with a decrease in pelvic tilt.

Conclusion Both open-TLIF and MIS-TLIF are effective methods for correcting spino-pelvic parameters and improv-
ing HRQoL in patients with low-grade isthmic spondylolisthesis. The rapid improvement in back pain experienced 
by these patients favored the use of MIS-TLIF. However, the cost-effectiveness of this approach must be carefully 
evaluated.
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Introduction
Spondylolisthesis is a ubiquitous lumbar spine disorder 
that often leads to symptoms such as neurogenic clau-
dication, restricted function, and low back pain with or 
without leg discomfort. If conservative treatments fail to 
alleviate the symptoms, lumbar fusion surgery should be 
considered [1]. The goal of fusion surgery is to stabilize 
the spine and alleviate pain and neurological compres-
sion [2].

Transforaminal lumbar interbody fusion (TLIF) is the 
standard surgery for lumbar spondylolisthesis. It mini-
mizes nerve root and thecal sac retraction while offering 
the benefits of overall fusion and maintaining or improv-
ing lumbar lordosis [1].

Minimally invasive spine (MIS) procedures yield equiv-
alent or improved clinical and radiological outcomes 
compared to open treatments, along with decreasing 
soft tissue damage and its associated effects. MIS aims 
to decrease intraoperative blood loss, wound infections, 
postoperative hematomas, and maintain normal muscle 
function by preserving para-spinal muscular innerva-
tion. Additional advantages include accelerated wound 
healing, less analgesic requirement post-surgery, faster 
ambulation, and shorter hospitalization periods [3].

Drawbacks of MIS include extended operating times, 
heightened intraoperative radiation exposure due to 
prolonged and frequent fluoroscopy use, a challenging 
learning curve, and a potential rise in the risk of cage and 
pedicle screw misplacements and cage migrations [4].

Different research studied  the relationship between 
pelvic incidence (PI), pelvic tilt (PT), and sacral slope 
with spinal deformities including spondylolisthesis, 
and their role in spinal sagittal alignment. Schwab F. 
et  al. studied the relationships and variations of PI, PT, 
SS, LL, and thoracic kyphosis (TK) in a standard young 
adult group. They showed how these factors are interre-
lated and work together to support the overall balance of 
gravity over the femoral heads via muscle engagement. 
Recent findings suggest that a high Pelvic Incidence (PI) 
may be associated with adult individuals who have low-
grade L5-S1 spondylolisthesis [5].

The Spinal Deformity Study Group (SDSG) introduced 
a classification system that relies on radiographic assess-
ment of slip grade and spino-pelvic alignment, including 
pelvic incidence (PI), sacro-pelvic alignment, and spinal 
balance. Most guidelines and studies on spondylolisthe-
sis focus on slip grade, however some research also high-
lights the significance of sacro-pelvic morphology and 
spino-pelvic alignment in assessing and treating spon-
dylolisthesis [6].

In order to better understand how correcting spino-pel-
vic parameters  impacts the health-related quality of life 
(HRQoL) of individuals with low-grade spondylolisthesis, 

we conducted this study to compare the results of open 
and minimally invasive TLIF surgeries. A comprehensive 
analysis of the effects of these  treatment modalities for 
low-grade spondylolisthesis was our goal.

Patients and methods
A retrospective cohort-control study was conducted to 
compare the effectiveness of Minimally Invasive Trans-
foraminal Lumbar Interbody Fusion (MIS-TLIF) with 
Open Transforaminal Lumbar Interbody Fusion (Open-
TLIF) in treating low-grade isthmic spondylolisthesis, 
which was carried out at the orthopedic department’s 
spine unit at our university hospital from December 2017 
to December 2020 with a minimum 18-month follow-
up duration, including 72 patients. We postulate that, 
in comparison to conventional open TLIF, MIS-TLIF 
will  provide  better radiological and clinical results. Our 
primary goal was to evaluate the corrective power of the 
two methods according to the spino-pelvic parameters. 
We aimed to assess clinical improvement, operating 
time, blood loss, complications, and postoperative hos-
pital stays between the two procedures as our secondary 
objective.

The trial participants had low-grade isthmic spon-
dylolisthesis, axial low back pain, and/or leg discomfort 
that persisted despite undergoing medical treatment 
including rest, non-steroidal anti-inflammatory drugs, 
muscle relaxants, physiotherapy, and lumbosacral sup-
port for at least six months. High-grade spondylolisthe-
sis, severe osteoporosis, previous spinal surgery, spinal 
tumor, trauma, and infections were all excluded as con-
tributing factors. Before the surgery, every patient pro-
vided their informed consent, and none of them were lost 
throughout the follow-up period.

Each patient had clinical evaluation before the surgery 
using the Oswestry Disability Index (ODI) to evaluate 
disability and the Visual Analogue Scale (VAS) to quan-
tify leg and back pain. Demographic data, including age, 
sex, occupation, smoking status, and Body Mass Index 
(BMI), was collected from all patients.

Anteroposterior, lateral, and dynamic lumbar spine 
standing X-rays were used to evaluate each patient’s radi-
ological status before surgery. An anterior–posterior and 
lateral X-ray from the base of the head to the tailbone was 
conducted. The radiographic analysis software Surgimap 
Spine (Nemaris Inc, New York, NY) was used to measure 
spino-pelvic parameters. Measurements were recorded 
for pelvic tilt (PT), pelvic incidence (PI), sacral slope (SS), 
and Meyerding slip grades. We assessed the segmental 
lordosis of the affected segment by measuring the angle 
between the upper endplate of the slid vertebra and the 
top endplate of the lower one, as well as lumbar lordo-
sis (LL). All measures were taken by two experienced 
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spine surgeons and then repeated by the same surgeons a 
month later. When they took the second round of meas-
urements, the examiners were blind to their own previ-
ous measurements. The final analyses were performed 
using the average values of the measurements obtained at 
two separate time points. All patients got pre-operative 
MRI scans which consisted of sagittal, coronal, and axial 
views.

TLIF was used to treat the 72 participants with low 
grade lytic spondylolisthesis. They were divided into two 
groups: group A, comprising 40 patients who underwent 
open-TLIF, and group B, comprising 32 patients who 
underwent MIS-TLIF. Both groups used PEEK cages 
filled with autologous bone graft (taken from the lami-
nectomy and the facets) and included posterior spinal 
fixation with pedicular screws using either an open or 
percutaneous approach. The open approach technique 
employed in this investigation was comparable to the 
methodology utilized in a previous study[7] (Fig. 1). Sim-
ilarly, the MIS approach in this study was based on the 
methodology outlined in this other work [8], with same 
steps followed (Figs.  2 and 3). All patients in the study 
were operated by the same surgical team.  

Follow‑up
Patients were encouraged to ambulate as early as the 
first postoperative day. Plain x-ray was ordered for the 
patients on day two postoperative. The patients were 
advised to attend the out-patient clinic in the first two 
weeks then regularly every three months.

Statistical analysis
A sample size was calculated using openepi.com [9], with 
the assumption that the MIS-TLIF would make a 30% 
increase in the segmental lordosis in comparison to the 
open TLIF, depending on our previous study [8], with 
the assumption that the open TLIF group is the stand-
ard technique so it will be larger in size. The calculated 
sample size ranged from 70 to 85 patients. We approxi-
mated calculated numbers for groups to (40) patients in 
group A and (32) patients in group B, according to Kel-
sey and Fleiss methods (supplementary figure). Continu-
ous variables were expressed as the Mean ± SD (Range). 
The categorical variables were expressed as a number 
(percentage). Data found to be normally distributed 
were analyzed using the independent sample t-test, while 
Repeated Measures ANOVA was used for analysis of 
repeated measured data within variables. Non-paramet-
ric data were analyzed using the Mann Whiteny U-test 
for rank sum of independent samples and Wilcoxon test 
measured if there was difference in dependent groups 
All statistical analyses were performed with SPSS version 

24.0 for windows (SPSS Inc., Chicago, IL, USA), where 
P < 0.05 was considered statistically significant.

Results
Patients demographics
This study included 72 patients, 60 of whom were female 
and 12 of whom were male, with single-level low-grade 
isthmic spondylolisthesis. Table 1 shows that there were 
no significant differences between the two groups in 
terms of patient demographics. The TLIF procedure was 
performed openly in 40 patients (55.5%), and minimally 
invasively in 32 individuals (44.4%).

Operative data
The length of surgery differed statistically significantly 
between the two groups, with open procedures having 
a lower operative time. Furthermore, the open approach 
had a significantly lower radiation exposure than the MIS 
opens. In comparison to the MIS-TLIF group, the sta-
tistical analysis demonstrated a statistically significant 
decrease in both intraoperative and postoperative blood 
loss in the MIS group, with a considerably shorter hospi-
tal stay (p < 0.001) (Table 2).

Pain and functional outcomes
Modified Oswestry disability index (Fig. 4)
The Oswestry disability score was used to compare 
Open-TLIF with MIS-TLIF before, after surgery, and 
at final follow-up. No statistically significant difference 
was found between the two groups. Within each group, 
however, there was a discernible change from pre- to 
post-operative ODI values that persisted through the 
last follow-up, and this change was highly statistically 
significant.

Visual analogue scale back and leg pain (Figs. 5, 6)
Each group’s back and leg pain were assessed using a VAS 
score. The results demonstrated a marked improvement 
in back pain scores across all groups from preoperative 
to postoperative data till the final follow-up. VAS score 
for Back pain improved from preoperative with the MIS-
TLIF group outperforming the open group in the first 
month. When comparing the groups at pre- and post-
operative follow-up, there was a statistically significant 
difference between the open and MIS-TLIF groups on 
the VAS for leg pain within the first month in favor the 
open group.

Radiological parameters including the spino‑pelvic 
parameters (Table 3)
Between the preoperative and final follow-ups, both 
groups had a significant reduction in slip % and disc 
height correction, as well as a significant improvement 
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Fig. 1 The open TLIF case, A and B anterior–posterior and lateral radiology of the slipped level, C and D MRI sagittal and axial cut, E intraoperative 
photo during insertion of the cage, F and G the final Anterior–posterior and lateral view of the operated level, and finally H: intra-operative photo 
of the operative field
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Fig. 2 The MIS-TLIF case, A and B anterior–posterior and lateral radiology of the slipped level, C CT scan of the fractured pars, D and E showing MRI 
sagittal and axial cut of the slipped level



Page 6 of 14Ali et al. Journal of Orthopaedic Surgery and Research          (2024) 19:523 

Fig. 3 operative photos of the MIS-TLIF case: A showing the guide wires placed in the pedicles of the L4-5 with the tube system fixed 
over the facet joint before the osteotomy, B lateral radiology view during insertion of the cage, C intraoperative photo with the tube system 
in place with the percutaneous guide wires in place, D intraoperative microscopic picture of the dura (blue arrow) and the window for the insertion 
of the cage marked by the white arrow, E and F the final anterior–posterior and lateral view of the slipped level after insertion of the rods and G 
intraoperative photo of the operative microscope used
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Table 1 Demographic data of the included patients in the study

Demographic data Open‑TLIF (n = 40) MIS‑TLIF (n = 32) Test p‑value

Age 44.80 ± 4.519 44.47 ± 5.168 Z =  − 0.410 p = 0.682

Sex

   Male 6 (15%) 7 (21.9%) Z =  − 1.058 p = 0.290

   Female 34 (85%) 25 (78.1%)

Main complain

   LBP 11 (27.5%) 8 (25.0%) Z =  − 0.237 p = 0.812

   LBP-LLP 29 (72.5%) 24 (75.0%)

Levels

   L5-S1 25 (62.5%) 18 (56.3%) Z =  − 0.534 p = 0.594

   L4-L5 15 (37.5%) 14 (43.8%)

Preoperative slip% 22.38 ± 1.944 22.59 ± 1.643 Z =  − 0.259 p = 0.795

Follow-up period 23.75 ± 2.010 23.69 ± 1.281 t = 0.160 p = 0.873

Table 2 Operative data

Operative data Open‑TLIF (n = 40) MIS‑TLIF (n = 32) Test p‑value

Operative time (in min) 114.40 ± 8.057 120.94 ± 6.891 Z =  − 3.354 p < 0.001

Intraoperative blood loss (in ml) 538.75 ± 50.94 245.31 ± 34.73 t = 28.970 p < 0.001

Radiation exposure (in sec) 20.13 ± 6.276 60.25 ± 7.030 t =  − 25.230 p < 0.001

Hospital stay (in day) 2.55 ± 0.504 1.47 ± 0.567 Z =  − 5.995 p < 0.001

Fig. 4 Modified Oswestry disability index
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in lumbar and segmental lordosis in the affected level. 
In addition, the sacral slope and pelvic tilt revealed 
considerable degrees of correction, which correlated 
with the correction of the pelvic incidence lumbar 

lordosis mismatch. For data analysis between groups, 
there was a substantial difference in parameter correc-
tion, with the open technique having the most correc-
tion values when considering LL, SL, slip percentage, 
and disc height adjustment (Fig. 7).

Fig. 5 VAS for back pain

Fig. 6 VAS for leg pain
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The correlation between the sagittal parameters 
and the functional outcome at final follow up (Table 4)
During the study of the results of the correlation (Pear-
son) between the sagittal parameters and the func-
tional outcome (VAS and ODI) for both groups (open 
and MIS), there was no statistically significant cor-
relation discovered except for the a negative correla-
tion with  lumbar lordosis and VAS_L (r (70) =  − 0.3, 
p = 0.006.) and between the disc height and the ODI (r 
(70) =  − 0.2, p = 0.01).

In the MIS group, the result of the Pearson correla-
tion showed that there was a statistically significant 
negative correlation between ODI final and Disc height 
final (r(30) =  − 0.4, p = 0.01) and a statistically signifi-
cant negative correlation between VAS Back and Disc 
height r(30) =  − 0.35, p = 0.05).

In the open group the result of the Pearson cor-
relation showed that there was a statistically signifi-
cant negative correlation between LL and VAS Leg (r 
(38) =  − 0.3, p = 0.01) and a statistically significant 
negative correlation between LL and VAS Back (r 
(38) =  − 0.4, p = 0.01).

Complications
One patient in the open group (2.5%) had a superficial 
wound infection five days following surgery. Once the 
first week had passed, the infection was under control 
thanks to intravenous antibiotics and frequent dressing 
changes. There were five cases (6.9%) of accidental durot-
omy: two in the open (5%) setting and three in the MIS-
TLIF (9.4%) setting. Patients with MIS-TLIF had a muscle 
graft in surgicel with a tight fascia closure, whereas those 
with open lesions were treated by direct dural suture. 
Only one case from the MIS-TLIF group  required revi-
sion with microscopic dural repair with durotomy sutur-
ing; all others did not require revision. Two patients in 
the MIS-TLIF (6.3%) groups had screws that were not in 
proper places, but no additional intervention was nec-
essary in these circumstances. In neither group did any 
neurological complications occur.

Discussion
There are several surgical procedures available for the 
treatment of lytic spondylolisthesis, such as open and 
minimally invasive transforaminal lumbar interbody 

Table 3 Radiological outcome

Radiographic data Open‑TLIF (n = 40) MIS‑TLIF (n = 32) Test p‑value

Lumbar lordosis Pre 71.50 ± 4.472 72.38 ± 3.687 t =  −  0.910 p = 0.366

Final 63.23 ± 5.206 69.13 ± 3.230 t =  −  5.889 p < 0.001

Test (p-value) t = 14.278 (p < 0.001) t = 7.851 (p < 0.001)

Segmental lordosis Pre 0.58 ± 1.394 0.63 ± 1.385 Z =  − 0.273 p = 0.785

Final  − 6.23 ± 2.684  − 3.88 ± 2.240 t =  −  4.049 p < 0.001

Test (p-value) Z =  − 5.523 (p < 0.001) Z =  − 4.958 (p < 0.001)

Pelvic incidence Pre 53.85 ± 5.082 55.44 ± 4.064 t =  −  1.473 p = 0.145

Final 53.83 ± 5.002 55.47 ± 3.951 t =  −  1.558 P = 0.124

Test (p-value) t = 0.298 (p = 0.767) t =  − 0.571 (p = 0.572)

Sacral slope Pre 34.48 ± 5.435 37.88 ± 4.412 t =  −  2.930 p = 0.005

Final 35.88 ± 5.080 38.88 ± 4.148 t =  −  2.758 P = 0.007

Test (p-value) t =  − 4.350 (p < 0.001) t =  − 4.209 (p < 0.001)

Pelvic tilt Pre 19.38 ± 2.404 17.56 ± 3.015 t = 2.768 p = 0.008

Final 17.95 ± 2.364 16.59 ± 2.838 t = 2.168 p = 0.034

Test (p-value) Z =  − 3.771 (p < 0.001) Z =  − 3.372 (p = 0.001)

PI-LL mismatch Pre 17.65 ± 3.549 18.38 ± 3.396 t =  −  1.129 p = 0.259

Final 9.40 ± 1.865 9.47 ± 1.831 t =  −  0.156 p = 0.876

Test (p-value) Z =  − 5.520 (p < 0.001) Z =  − 4.945 (p < 0.001)

Slip percentage Pre 22.38 ± 2.404 22.59 ± 3.015 t =  −  0.259 p = 0.795

Final 5.45 ± 1.600 7.88 ± 1.129 t =  −  5.550 p < 0.001

Test (p-value) Z =  − 5.526 (p < 0.001) Z =  − 4.959 (p < 0.001)

Disc height (in cm) Pre 1.006 ± 0.146 1.023 ± 0.097 Z =  −  0.863 p = 0.388

Final 1.667 ± 0.189 1.746 ± 0.177 Z =  −  1.755 p = 0.079

Test (p-value) Z =  − 5.516 (p < 0.001) Z =  − 4.940 (p < 0.001)
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fusion (TLIF). A study has indicated that a combination 
of unilateral TLIF and pedicle screw fixation can effec-
tively treat low-grade spondylolisthesis. This approach 
offers the potential advantages of minimally invasive per-
cutaneous long-arm pedicle screws in spondylolisthesis 

surgery. According to the study conducted by Noo-
raie et  al., there was no statistically significant disparity 
observed in the outcomes of low-grade lytic spondylolis-
thesis when comparing spinal decompression, stabili-
zation, and fusion, as well as stabilization and fusion 
without decompressive laminectomy[10].

The MIS-TLIF technique involves the utilization of a 
para-median skin incision, muscle dilation, or splitting to 
gain access to the posterior lumbar interbody space. To 
maintain an open access channel, various mechanisms 
such as sleeves, tubes, or cylindrical retractor blades are 
employed [11]. To mitigate the dependence on the indi-
rect decompression technique with a unilateral approach, 
bilateral decompression was employed in the present 
investigation. Consequently, there were no instances 
of contralateral radiculopathy observed in any of our 
patients during the follow-up period.

The development of minimally invasive technologies 
for spinal surgery over the last few decades has undoubt-
edly resulted in the transition from Open-TLIF to MIS-
TLIF. The MIS-TLIF technique has gained popularity for 
its advantages over open-TLIF, such as a smaller incision, 
less bleeding, and faster recovery. Minimally invasive 
spine surgery strives to achieve the same results as open 
procedures but in a less stressful manner [7].The purpose 
of this study was to evaluate and compare the safety and 
efficacy of Open-TLIF and MIS-TLIF in the treatment of 
low-grade, single-level isthmic spondylolisthesis.

The primary concern expressed by our patients 
encountered pain in the lower back together with radiat-
ing pain in the lower limbs. This was reported by 72.5% of 
patients who underwent open-TLIF and 75% of patients 
who underwent MIS-TLIF. The most frequently operated 
level was L5-S1. In our study group, it was evident that 
female patients had a greater prevalence of lytic spon-
dylolysis compared to male patients. This was observed 
in both the open-TLIF group (85%) and the MIS-TLIF 
group (78.1%). However, there was no significant differ-
ence between the two groups in terms of demographic 
data.

Regarding the surgical data, it came to light that the 
open TLIF procedure had favorable outcomes in terms 
of operative time and radiation exposure. Fluoroscopy-
based minimally invasive surgical (MIS) techniques 
expose patients and surgical workers to significant doses 
of radiation, as it is necessary for determining the ana-
tomical location. Multiple studies have shown that the 
use of fluoroscopy is more extensive in the treatment of 
lumbar issues with MIS-TLIF compared to Open-TLIF 
[8, 12, 13]. The current analysis found that the radia-
tion exposure (measured in seconds) was much lower 
in the open TLIF compared to the MIS-TLIF (20.1 ± 6.3 
vs 60.3 ± 7, respectively), indicating a preference for the 

Fig. 7 Long standing radiographyof the whole spine 
pre and postoperative of the open-TLIF case in (A and B) 
and the MIS-TLIF case (C and D) with measurement of the spinopelvic 
parameters
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open TLIF procedure. Furthermore, we found that the 
duration needed to insert the percutaneous screw and 
guide wire was the primary factor contributing to the 
fluoroscopy time.

In the current study, the operating time in the MIS 
group was longer. This could be likely additional time was 
spent assembling the tubular retractors and accurately 
setting the screws using fluoroscopy. Specifically, the 
operating time for Open-TLIF was 114.4 ± 8 min, whereas 
for MIS-TLIF it was 120.9 ± 6.9 min. The visual field dur-
ing minimally invasive surgery is narrower compared to 
standard surgery. The surgeon must possess significant 
practical expertise and a comprehensive comprehension 
of anatomy [14]. Multiple studies have demonstrated that 
the MIS-TLIF technique outperformed Open-TLIF in 
terms of intraoperative bleeding, postoperative drainage, 
and duration of hospitalization [3]. Our study’s results 
were in line with their conclusions on the smaller inci-
sions, reduced tissue injury, and the utilization of a tubu-
lar retractor.

Because many of the possible advantages of MIS-TLIF 
may manifest themselves in the early post-operative 
recovery phase, favoring MIS-TLIF, early results in open-
TLIF versus MIS-TLIF comparisons are significant [14]. 
When comparing MIS-TLIF to open-TLIF for VAS back 

pain, the results were clear. The open approach may 
result in more severe muscle injury and more muscle 
strapping compared to MIS-TLIF, which may explain 
why the former causes more discomfort in the first 
month after surgery (2.2 ± 0.7 vs 1.2 ± 0.7, respectively). 
The VAS back pain has a short-term effect, but there 
was no significant difference between the two groups 
at the final follow-up in the long-term follow-up (Open 
TLIF 2.1 ± 0.5 vs MIS-TLIF 2.4 ± 0.7). In terms of early 
VAS back pain, Xie et al. [15] discovered significant dif-
ferences between the MI-TLIF and Open-TLIF groups 
(MD =  − 1; 95%CI =  − 1.98, − 0.2; p = 0.02). Moreover, 
research was limited to the early groups experiencing 
VAS back discomfort (I2 = 90%, P < 0.001) [16]. There is 
no discernible change in VAS scores for back pain in late 
follow-up trials [1, 6, 8].

Opposite to MIS-TLIF, Open TLIF showed a notable 
reduction in VAS leg pain in the initial one month fol-
lowing surgery (1.5 ± 0.6 vs 2.1 ± 0.7, respectively). This 
could be because surgeons are more comfortable with 
the open standard method, there is less manipulation of 
neural tissues and retraction, disc height restoration is 
successful, and nerve root and dura release are well-exe-
cuted. In the last follow-up, however, there was no sig-
nificant difference between the two methods with respect 

Table 4 The result of the pearson correlation between the sagittal parameters and the functional outcome at final follow up

All the underlined data are significant as p value less than 0.05 is significant and p value less than 0.001 is highly significant

ODI final VAS Leg pain final VAS back pain final

r p value r p value r p value

Both groups

 LL 0.14 0.242 − 0.32 0.006 − 0.09 0.444

 PI-LL MIS 0.12 0.326 − 0.03 0.804 − 0.13 0.291

 PT 0.03 0.786 − 0.02 0.89 − 0.14 0.257

 Disc height − 0.29 0.014 − 0.18 0.126 − 0.1 0.404

 Slip% 0.09 0.456 − 0.12 0.332 0.04 0.712

 Seg lord 0.07 0.574 − 0.18 0.121 − 0.01 0.908

MIS group

 LL 0.3 0.096 − 0.03 0.887 0.02 0.908

 PI-LL MIS 0.01 0.953 − 0.03 0.879 − 0.02 0.933

 PT − 0.05 0.794 0.16 0.394 0.19 0.295

 Disc height − 0.45 0.01 − 0.22 0.229 − 0.35 0.05

 Slip% 0.08 0.671 0.33 0.064 0.1 0.582

 Seg lord 0.34 0.054 − 0.25 0.162 − 0.13 0.47

Open group

 LL 0.13 0.427 − 0.39 0.012 − 0.4 0.01

 PI-LL MIS 0.18 0.263 − 0.03 0.876 − 0.1 0.521

 PT 0.09 0.585 − 0.29 0.065 − 0.16 0.315

 Disc height − 0.21 0.195 − 0.09 0.574 − 0.02 0.881

 Slip% 0.15 0.37 − 0.16 0.315 − 0.1 0.53

 Seg lord − 0.05 0.751 − 0.02 0.914 − 0.08 0.638
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to radiculopathy (Open TLIF 1.2 ± 0.6 vs MIS-TLIF 
0.9 ± 0.7).

Consistent with the increase in patient functional out-
come indicated by ODI, both groups saw an improve-
ment in back and leg discomfort. Both groups’ ODIs were 
significantly adjusted between the preoperative and final 
follow-up periods, with the Open group showing a dif-
ference of 56.9 ± 5.1 vs 19.9 ± 5 and the MIS-TLIF group 
showing a difference of 56.8 ± 3.8 vs 19.8 ± 3.8. The results 
show that in cases of single level spondylolisthesis, the 
MIS-TLIF can improve life function just as much as the 
traditional open-TLIF. Despite the brief duration of this 
study’s follow-up, the ODI scores were comparable to 
those of other research that compared open-TLIF and 
MIS-TLIF in the treatment of single-level spondylolisthe-
sis and found that both methods improved ODI scores [8, 
16, 17].

Schwab et al. demonstrate that the sagittal plane is the 
main driver of disability in patients with ASD and indi-
cate that among the sagittal radio-graphical parameters, 
SVA, PT, and PI-LL mismatch are the key factors that 
impact disability. They have proposed threshold values of 
sagittal spino-pelvic alignment that should be achieved 
with spinal reconstructive procedures to obtain satisfac-
tory outcomes in terms of HRQOL. Using these parame-
ters, it is possible to predict theoretical values of regional 
sagittal parameters [5, 18]. More recently, Shimokawa 
et  al. [19] have reported high correlations between pel-
vic retroversion (measured by the PT) and sagittal ver-
tical axis (SVA) with HRQOL scores. Although pelvic 
retroversion may compensate for sagittal balance, it sig-
nificantly lowers quality of life. In addition to SVA, PT 
should be taken into consideration to enhance the assess-
ment of patients with lumbar problems [19].

Spondylolisthesis is characterized by three basic abnor-
malities: segmental kyphosis, disc height decrease, and 
vertebral slippage. When forward slippage happens, the 
lumbar lordosis diminishes due of the disc degeneration 
and the segmental kyphosis generated by the slippage. 
In order to compensate the pelvic retroversion-induced 
displacement, the upper spinal segments hyperextend [8, 
20]. Although this compensation improves SVA, patients 
who have a high PT and an ongoing PI-LL mismatch 
may be at risk for severe impairment. Additionally, it is 
believed that PT couldn’t go above 20–22°[21].

We evaluated the PI-LL mismatch in addition to the 
alterations and corrections to various lumbo-pelvic 
parameters, including the SS, PT, LL, and PI, in relation 
to the sagittal parameters that needed adjustment. Addi-
tionally, we investigated at how the spondylolisthesis’s 
slip percentage changed, as well as how the disc angle 
(segmental lordosis) and disc height changed. There was 
no change in PI values between preoperative and final 

follow-up for either the open TLIF group (p = 0.7) or the 
MIS-TLIF group (p = 0.5). This lends credence to the the-
ory that the PI remains constant across all individuals.

When comparing the two groups’ pre- and post-opera-
tive follow-ups on the remaining parameters, we find that 
the open and MIS groups differ significantly, especially in 
the post-operative final follow-up. In comparison to the 
MIS group, the open group achieved greater corrections 
for LL, SS, PT, PI-LL mismatch, and segmental lordosis. 
Possible causes include the simplicity of using a lordotic 
rod, applying compression on the screws, and doing away 
with facet joints entirely. Both groups displayed a clear 
restoration of height on the disc, with no discernible dif-
ference between them. One possible explanation is that 
the transforaminal corridor allowed for the application of 
a big cage to both groups.

Reduction of the slip percentage can increase the area 
of intervertebral bone grafting and return the spine to its 
physiological position with restoration of the sagittal bal-
ance [22]. It is unclear if forceful reduction is necessary 
during surgery for low-grade Isthmic  spondylolisthe-
sis [23, 24]. When comparing each group’s preoperative 
status with the results of the last follow-up, a substantial 
improvement in the vertebral slip percentage was seen 
in our study (P < 0.001). Furthermore, at final follow-up 
time point, there was statistically significant difference in 
the vertebral slip ratio between the MIS-TLIF group and 
the Open-TLIF group (P < 0.001). It demonstrated that 
both groups had produced positive reduction outcomes 
with significant improvement in the open group at the 
final follow-up.

The most frequent complication (6.9%) seen in this 
study was accidental durotomy, which typically occurred 
during the placement of the TLIF cage. A single instance 
within the MIS group necessitated microscopic repair 
revision. There were claims that the fluoroscopic guided 
placement of pedicle screws during MIS operations con-
tributed to the screws being misplaced. The accuracy of 
fluoroscopy-guided percutaneous pedicle screw place-
ment in minimally invasive TLIF was recently investi-
gated by El-Desouky et  al. [25]. The researchers found 
that the technique was safe, with a total incidence of 
13.9% of pedicles’ wall violations and 0.48% of patients 
reporting complaints due to these screws that were 
placed incorrectly. Since two patients (6.2% of the total) 
in the MIS group did not experience any discomfort 
because of the screws that were implanted, no additional 
action was necessary.

Neither group experienced a serious infection through-
out the current investigation. The Open-TLIF group had 
a single case of superficial incision infection (2.5%). This 
was less than the overall prevalence of surgical site infec-
tion which was calculated to be (4.2%) in the MENA 
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region [26]. The patient’s full recovery was achieved using 
antibiotics and frequent dressing changes. Our patients 
did not have any neurological complications. At the final 
follow-up, all cases in both research groups showed full 
interbody fusion with no evidence of cage displacement 
or screw loosening.

Conclusion
Both open-TLIF and MIS-TLIF are effective methods 
for correcting spino-pelvic parameters and improving 
the health-related quality of life in patients with low-
grade isthmic spondylolisthesis. The rapid improvement 
in back pain experienced by these patients favored the 
use of MIS-TLIF. However, the cost-effectiveness of this 
approach must be carefully evaluated.

Patients with low-grade isthmic spondylolisthesis 
can benefit from both open-TLIF and MIS-TLIF, two 
dependable procedures for correcting spino-pelvic 
parameters and improving their health-related quality 
of life. Although MIS-TLIF had the advantage because 
to the patients’ quick recovery from back pain, the cost-
effectiveness of this must likely be considered.

Limitations
First short term of follow up together with being a retro-
spective study, Second, the sample sizes in each arm of 
the trial were small, which could have an impact on the 
findings; third, a correlation analysis between the clini-
cal effect and radiological evaluation was not done; and 
fourth, no data was gathered regarding the height of the 
intervertebral foramen. We recommend long-term fol-
low up to detect more changes in results with multicenter 
study with wide base of population and large number of 
cases.

Supplementary Information
The online version contains supplementary material available at https:// doi. 
org/ 10. 1186/ s13018- 024- 04994-4.

Supplementary file 1. 

Acknowledgements
Not applicable.

Author contributions
Study conception and design: EL. M.S.A., T.EL, A.EL. Material preparation, data 
collection and analysis: EL. M.S.A., T.EL, A.EL.; EL.M.S.A. prepared the initial draft 
of the manuscript; all authors revised and evaluated it before approving the 
final version.

Funding
Open access funding provided by The Science, Technology & Innovation 
Funding Authority (STDF) in cooperation with The Egyptian Knowledge Bank 
(EKB).

Availability of data and materials
All data is available in the main text or the supplementary material.

Declarations

Ethical approval and consent to paticipate
An ethical approval was done by the Institutional Review Board (IRB) Zagazig, 
Egypt. All methods were reported in accordance with ethical guidelines (IRB 
Zagazig, Egypt); reference number (IRBZU-IRB#10333/1012023). Informed con-
sent was obtained from all individual participants or their relatives included in 
the study.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Author details
1 Orthopedic Department Faculty of Medicine, Zagazig University Hospital, 
Zagazig, Egypt. 

Received: 29 June 2024   Accepted: 11 August 2024

References
 1. Pawar A, Labelle H, Mac-Thiong JM. The evaluation of lumbosacral dys-

plasia in young patients with lumbosacral spondylolisthesis: comparison 
with controls and relationship with the severity of slip. Eur Spine J. 
2012;21(11):2122–7. https:// doi. org/ 10. 1007/ s00586- 012- 2181-7.

 2. Aoki Y, Nakajima A, Takahashi H, et al. Influence of pelvic incidence-
lumbar lordosis mismatch on surgical outcomes of short-segment 
transforaminal lumbar interbody fusion. BMC Musculoskelet Disord. 
2015;16(1):213. https:// doi. org/ 10. 1186/ s12891- 015- 0676-1.

 3. Heemskerk JL, Oluwadara Akinduro O, Clifton W, Quiñones-Hinojosa A, 
Abode-Iyamah KO. Long-term clinical outcome of minimally invasive 
versus open single-level transforaminal lumbar interbody fusion for 
degenerative lumbar diseases: a meta-analysis. Spine J. 2021;21(12):2049–
65. https:// doi. org/ 10. 1016/j. spinee. 2021. 07. 006.

 4. Wong AP, Smith ZA, Nixon AT, et al. Intraoperative and perioperative com-
plications in minimally invasive transforaminal lumbar interbody fusion: a 
review of 513 patients. J Neurosurg Spine. 2015;22(5):487–95. https:// doi. 
org/ 10. 3171/ 2014. 10. SPINE 14129.

 5. Schwab FJ, Blondel B, Bess S, et al. Radiographical spinopelvic param-
eters and disability in the setting of adult spinal deformity. Spine. 
2013;38(13):E803–12. https:// doi. org/ 10. 1097/ BRS. 0b013 e3182 92b7b9.

 6. Tebet MA. Current concepts on the sagittal balance and classification 
of spondylolysis and spondylolisthesis. Rev Bras Ortop. 2014;49(1):3–12. 
https:// doi. org/ 10. 1016/j. rboe. 2014. 02. 003.

 7. El-Soufy M. Clinical and radiological outcomes of transforaminal lumbar 
interbody fusion in low- grade spondylolisthesis. J Spine Neurosurg. 
2014;4(2):2–6. https:// doi. org/ 10. 4172/ 2325- 9701. 10001 85.

 8. Ali EMS, El-Hewala TA, Eladawy AM, Sheta RA. Does minimally invasive 
transforaminal lumbar interbody fusion (MIS-TLIF) influence func-
tional outcomes and spinopelvic parameters in isthmic spondylolis-
thesis? J Orthop Surg Res. 2022;17(1):272. https:// doi. org/ 10. 1186/ 
s13018- 022- 03144-y.

 9. Dean AG, Sullivan KM, Soe KS. OpenEpi: open source epidemiologic sta-
tistics for public health, version 2.3.1. Published online 2013. https:// www. 
scien ceopen. com/ docum ent? vid= 61cdd 360- 9883- 4330- 8c18- 3f034 
1b0f7 15

 10. Nooraie H, Ensafdaran A, Arasteh MM. Surgical management of low-
grade lytic spondylolisthesis with C-D instrumentation in adult patients. 
Arch Orthop Trauma Surg. 1999;119(5–6):337–9. https:// doi. org/ 10. 1007/ 
s0040 20050 422.

https://doi.org/10.1186/s13018-024-04994-4
https://doi.org/10.1186/s13018-024-04994-4
https://doi.org/10.1007/s00586-012-2181-7
https://doi.org/10.1186/s12891-015-0676-1
https://doi.org/10.1016/j.spinee.2021.07.006
https://doi.org/10.3171/2014.10.SPINE14129
https://doi.org/10.3171/2014.10.SPINE14129
https://doi.org/10.1097/BRS.0b013e318292b7b9
https://doi.org/10.1016/j.rboe.2014.02.003
https://doi.org/10.4172/2325-9701.1000185
https://doi.org/10.1186/s13018-022-03144-y
https://doi.org/10.1186/s13018-022-03144-y
https://www.scienceopen.com/document?vid=61cdd360-9883-4330-8c18-3f0341b0f715
https://www.scienceopen.com/document?vid=61cdd360-9883-4330-8c18-3f0341b0f715
https://www.scienceopen.com/document?vid=61cdd360-9883-4330-8c18-3f0341b0f715
https://doi.org/10.1007/s004020050422
https://doi.org/10.1007/s004020050422


Page 14 of 14Ali et al. Journal of Orthopaedic Surgery and Research          (2024) 19:523 

 11. Kim CH, Easley K, Lee JS, et al. Comparison of minimally invasive versus 
open transforaminal interbody lumbar fusion. Glob Spine J. 2020;10(2_
suppl):143S-150S. https:// doi. org/ 10. 1177/ 21925 68219 882344.

 12. Pokorny G, Amaral R, Marcelino F, et al. Minimally invasive versus open 
surgery for degenerative lumbar pathologies: a systematic review and 
meta-analysis. Eur Spine J. 2022;31(10):2502–26. https:// doi. org/ 10. 1007/ 
s00586- 022- 07327-3.

 13. Hammad A, Wirries A, Ardeshiri A, Nikiforov O, Geiger F. Open versus 
minimally invasive TLIF: literature review and meta-analysis. J Orthop Surg 
Res. 2019;14(1):229. https:// doi. org/ 10. 1186/ s13018- 019- 1266-y.

 14. Qin R, Wu T, Liu H, Zhou B, Zhou P, Zhang X. Minimally invasive versus tra-
ditional open transforaminal lumbar interbody fusion for the treatment 
of low-grade degenerative spondylolisthesis: a retrospective study. Sci 
Rep. 2020;10(1):21851. https:// doi. org/ 10. 1038/ s41598- 020- 78984-x.

 15. Xie Q, Zhang J, Lu F, Wu H, Chen Z, Jian F. Minimally invasive versus open 
transforaminal lumbar Interbody fusion in obese patients: a meta-anal-
ysis. BMC Musculoskelet Disord. 2018;19(1):15. https:// doi. org/ 10. 1186/ 
s12891- 018- 1937-6.

 16. Wang J, Zhou Y, Feng Zhang Z, Qing Li C, Jie Zheng W, Liu J. Comparison 
of the clinical outcome in overweight or obese patients after minimally 
invasive versus open transforaminal lumbar interbody fusion. J Spinal 
Disord Tech. 2014;27(4):202–6. https:// doi. org/ 10. 1097/ BSD. 0b013 e3182 
5d68ac.

 17. Ryu DS, Ahn SS, Kim KH, et al. Does minimally invasive fusion technique 
influence surgical outcomes in isthmic spondylolisthesis? Minim Invasive 
Ther Allied Technol. 2019;28(1):33–40. https:// doi. org/ 10. 1080/ 13645 706. 
2018. 14575 42.

 18. Ames CP, Smith JS, Scheer JK, et al. Impact of spinopelvic alignment on 
decision making in deformity surgery in adults: a review. J Neurosurg 
Spine. 2012;16(6):547–64. https:// doi. org/ 10. 3171/ 2012.2. SPINE 11320.

 19. Shimokawa T, Miyamoto K, Hioki A, et al. Compensatory pelvic retro-
rotation associated with a decreased quality of life in patients with 
normal sagittal balance. Asian Spine J. 2022;16(2):241–7. https:// doi. org/ 
10. 31616/ asj. 2020. 0449.

 20. Hresko MT, Hirschfeld R, Buerk AA, Zurakowski D. The effect of reduction 
and instrumentation of spondylolisthesis on spinopelvic sagittal align-
ment. J Pediatr Orthop. 2009;29(2):157–62. https:// doi. org/ 10. 1097/ BPO. 
0b013 e3181 977de8.

 21. Merrill RK, Kim JS, Leven DM, Kim JH, Cho SK. Beyond pelvic incidence-
lumbar lordosis mismatch: the importance of assessing the entire spine 
to achieve global sagittal alignment. Glob Spine J. 2017;7(6):536–42. 
https:// doi. org/ 10. 1177/ 21925 68217 699405.

 22. He R, Tang GL, Chen K, Luo ZL, Shang X. Fusion in situ versus reduction for 
spondylolisthesis treatment: grading the evidence through a meta-anal-
ysis. Biosci Rep. 2020;40(6):BSR20192888. https:// doi. org/ 10. 1042/ BSR20 
192888.

 23. Lin YT, Su KC, Chen KH, Pan CC, Shih CM, Lee CH. Biomechanical analysis 
of reduction technique for lumbar spondylolisthesis: anterior lever 
versus posterior lever reduction method. BMC Musculoskelet Disord. 
2021;22(1):879. https:// doi. org/ 10. 1186/ s12891- 021- 04758-9.

 24. Ali E, El-Hewala T, El-Adawy A, Kelany O. Minimal invasive transforaminal 
lumbar interbody fusion in low grade isthmic spondylolithesis. Zagazig 
Univ Med J. 2020. https:// doi. org/ 10. 21608/ zumj. 2020. 24340. 1748.

 25. El- Desouky A, Silva PS, Ferreira A, Wibawa GA, Vaz R, Pereira P. How accu-
rate is fluoroscopy-guided percutaneous pedicle screw placement in 
minimally invasive TLIF? Clin Neurol Neurosurg. 2021;205:106623. https:// 
doi. org/ 10. 1016/j. cline uro. 2021. 106623.

 26. Abolfotouh SM, Khattab M, Zaman AU, et al. Epidemiology of postopera-
tive spinal wound infection in the Middle East and North Africa (MENA) 
region. North Am Spine Soc J. 2023;14:100222. https:// doi. org/ 10. 1016/j. 
xnsj. 2023. 100222.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

https://doi.org/10.1177/2192568219882344
https://doi.org/10.1007/s00586-022-07327-3
https://doi.org/10.1007/s00586-022-07327-3
https://doi.org/10.1186/s13018-019-1266-y
https://doi.org/10.1038/s41598-020-78984-x
https://doi.org/10.1186/s12891-018-1937-6
https://doi.org/10.1186/s12891-018-1937-6
https://doi.org/10.1097/BSD.0b013e31825d68ac
https://doi.org/10.1097/BSD.0b013e31825d68ac
https://doi.org/10.1080/13645706.2018.1457542
https://doi.org/10.1080/13645706.2018.1457542
https://doi.org/10.3171/2012.2.SPINE11320
https://doi.org/10.31616/asj.2020.0449
https://doi.org/10.31616/asj.2020.0449
https://doi.org/10.1097/BPO.0b013e3181977de8
https://doi.org/10.1097/BPO.0b013e3181977de8
https://doi.org/10.1177/2192568217699405
https://doi.org/10.1042/BSR20192888
https://doi.org/10.1042/BSR20192888
https://doi.org/10.1186/s12891-021-04758-9
https://doi.org/10.21608/zumj.2020.24340.1748
https://doi.org/10.1016/j.clineuro.2021.106623
https://doi.org/10.1016/j.clineuro.2021.106623
https://doi.org/10.1016/j.xnsj.2023.100222
https://doi.org/10.1016/j.xnsj.2023.100222

	Can minimally invasive transforaminal lumbar interbody fusion achieve a better clinical and radiological outcome than traditional open technique in isthmic spondylolisthesis?
	Abstract 
	Background 
	Aim 
	Patients and methods 
	Results 
	Conclusion 

	Introduction
	Patients and methods
	Follow-up
	Statistical analysis

	Results
	Patients demographics
	Operative data
	Pain and functional outcomes
	Modified Oswestry disability index (Fig. 4)
	Visual analogue scale back and leg pain (Figs. 5, 6)
	Radiological parameters including the spino-pelvic parameters (Table 3)
	The correlation between the sagittal parameters and the functional outcome at final follow up (Table 4)

	Complications

	Discussion
	Conclusion
	Limitations
	Acknowledgements
	References


