
INTRODUCTION 

Degenerative spondylolisthesis (DS) is an acquired anterior 

displacement of one vertebra over the subjacent vertebra in the 

sagittal plane, associated with degenerative changes such as 
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Objective: To describe the minimally invasive, microscopic-assisted over-the-top technique and 
report its clinical and radiological outcomes in cases of spinal canal stenosis and first-degree 
degenerative lumbar spondylolisthesis. 
Methods: Twenty-two patients with grade I degenerative spondylolisthesis and spinal canal 
stenosis who underwent microscopic decompression without fusion between April 2017 and 
December 2020 were included in the study. 
Results: The study population included 13 men and 9 women, with an average age of 66.7 
years (range, 55–79 years) and a mean duration of symptoms of 14.8±11.6 months. The mean 
follow-up was 49.3 months (range, 24–67 months). At the last follow-up, 13 patients were fully 
satisfied, 7 patients were partially satisfied, and 2 patients (9%) were not satisfied and required 
revision surgery with fusion. At the final follow-up, the mean leg pain numerical pain rating 
scale (NPRS), back pain NPRS, Oswestry Disability Index score, and Japanese Orthopaedic Asso-
ciation Back Pain Evaluation Questionnaire showed significant improvements in all patients, 
and no patients showed progression of the degree of spondylolisthesis. 
Conclusion: The minimally invasive, over-the-top technique using surgical microscopy is a via-
ble option in cases with first-degree degenerative spondylolisthesis and predominantly stenosis 
symptoms. 
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facet arthropathy, ligamentous malfunctions or disc degenera-

tion, without an associated disruption or defect in the vertebral 

ring [1-4]. Symptoms from DS range from none to, occasional 

low back pain (LBP) to incapacitating mechanical back pain as-

sociated with radiculopathy from nerve root compression and/
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or neurogenic claudication [5]. Surgical treatment in indicated 

once conservative measures fail [6,7]. 

DS most commonly affects the L4–5 level [8] due to the anat-

omy of the facet joints and biomechanical load distribution 

across the L4–5 segment. Grades I and II slips as per the Myerd-

ing classification are more common than high grade slips (III 

and above) [9,10]. In most cases, activity modification, analge-

sics and intermittent bracing are sufficient to control symptoms 

[1,2,11]. However, it has been estimated that 10% to 15% of 

patients seeking treatment will eventually have surgery [11]. 

Currently, there is widespread variation in the surgical mo-

dalities used to manage this heterogeneous condition, with 

factors such as patient age, medical comorbidities, occupation, 

clinical symptoms [11], imaging findings of ‘dynamic instabili-

ty’ [12] and surgeon preference all influencing the management 

strategy [11,12]. Surgical interventions can be broadly classified 

into decompression alone or decompression with fusion (pos-

terolateral fusion/interbody fusion) when obvious dynamic 

instability is present [12,13]. Although the conventional open 

techniques of decompression (which involve laminectomy) 

remain the gold standard of treatment [12,14], problems with 

paraspinal musculature denervation [15] and possibility of sec-

ondary lumbar instability [16] and creation of dead space [17] 

resulted in increased interest in less invasive techniques [18-22], 

with reported noninferior clinical outcomes [21,22]. Among 

them, the minimally invasive surgical (MIS) decompression 

via a unilateral laminotomy with bilateral decompression—the 

‘over-the-top’ approach, is thought to be less destabilizing than 

all other techniques [23-26]. 

MIS with unilateral laminotomy has been associated with 

higher patients’ satisfaction, reduced likelihood of slip pro-

gression, and reduced reoperation and secondary fusion [21] 

compared to standard open techniques of decompression. 

Even in cases that required fusion, minimally invasive fusion 

was found to have less hospital stay, less intraoperative blood 

less and rates of transfusions [27,28], improved muscle bulk 

[29], less postoperative narcotic use [30] along with comparable 

functional outcomes [27,28,30]. 

While several innovations and techniques exist to perform 

less invasive decompressions, including subarticular fenestra-

tion and multiple laminotomies [19-21], microscopic decom-

pression [25,31] and tubular decompression [32-35], the aim 

of this study is to report our outcomes of microscopic-assisted 

decompression in first-degree symptomatic DS cases through 

over-the-top technique, particularly regarding clinical improve-

ment and radiological progression of instability. Despite the 

presence of similar published reports regarding the same tech-

nique [24-26], the existing prospective studies were few and the 

results were nonconsistent specially regarding slip progression. 

We aim to present a prospective case series performed by the 

same surgeons, which could add to the available evidence re-

garding this approach, highlight the specific indications of the 

procedure; and revisit the surgical technique, which can affect 

the clinical and radiographic outcomes. 

MATERIALS AND METHODS 

After obtaining an Institutional Review Board (IRB) approval, 

22 consecutive patients, between April 2017 and December 

2020 with spinal canal stenosis associated with first-degree DS 

were included in this prospective study 

1. Inclusion Criteria 

- Patients with spinal canal stenosis 

- Presence DS (grade I) 

-  Radiculopathy or neurogenic claudication are the main 

complaint (no or mild LBP)  

- Failed conservative treatment for at least 3 months 

All the patients received conservative treatment primarily, 

in the form of analgesics, intermittent bracing and therapeutic 

physical therapy program (postural instruction, lumbopelvic 

mobilization exercises, and a flexion-based exercises) [36]. Five 

patients received additional epidural steroid injection with no 

improvement. 

2. Exclusion Criteria 

- Patients grade II and above spondylolisthesis 

-  Patients with unstable spondylolisthesis in radiographs. 

Unstable spondylolisthesis was defined as gross segmental 

motion or anteroposterior translation on static end-range 

flexion and extension lateral radiographs of greater than 2 

mm [37-39]. 

-  Patients with any associated lytic spondylolisthesis (isthmic 

spondylolisthesis) 

-  Patients with considerable LBP (moderate to severe) ac-

cording to numerical pain rating scale (NPRS) for LBP 

(above 6) 

- Patients with foraminal stenosis 

Patients who met the inclusion criteria were evaluated ra-

diologically through standard anteroposterior, lateral neutral, 
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flexion and extension plain radiographs as well as lumbosacral 

magnetic resonance imaging. A thorough physical exam was 

performed, and neuromuscular sensory and motor evaluation 

was completed. Outcomes data including the NPRS scale [40] 

for back and leg pain (1–10) and the Oswestry Disability Index 

(ODI) and the Japanese Orthopaedic Association Back Pain 

Evaluation Questionnaire (JOABPEQ) [41] scoring system were 

collected. 

3. Surgical Technique 

Surgical technique has been performed based on the original 

description of the approach [23-25]. After obtaining a written 

informed consent, patients were brought to the operating 

room and general anaesthesia was induced. Patients were then 

transferred to the operating table in a prone position. Level 

was identified by C-arm imaging and a midline 2-cm incision 

was made. The lumbodorsal fascia was unilaterally opened on 

the more symptomatic side and dissection was carried down 

subperiosteally to the intended surgical level. Laminae of the 

adjacent vertebrae were exposed and the interlaminar window 

was cleaned until the yellow ligament (ligamentum flavum) is 

identified. Self-retaining retractors were placed and standard 

ipsilateral laminotomy was performed under microscopic 

magnification. The scope is then angulated, and the bed tilted 

contralaterally to the deepest portion of interspinous ligament 

to allow the posterior surface of the contralateral ligamentum 

flavum to be seen. A probe is used to confirm that the anterior 

surface of the ligamentum is free from adhesion to the dura and 

the ligamentum is then resected from above downwards and 

medial to lateral. After confirming that exiting and traversing 

roots are well decompressed on both sides the wound is closed 

in layers and subcutaneous tissues are injected with a long-act-

ing local anaesthetic to reduce incisional pain. Adjacent stenot-

ic levels if present were addressed similarly. 

Early return to ambulation and normal activities of daily liv-

ing is encouraged. Postoperative rehabilitation was performed 

by a formal physiotherapy program that begins core muscle 

stabilization and aerobic activities after 1–2 weeks. Patients 

were followed at week 2, 6, and 12 postoperatively and then 

scheduled for follow-up biannually. Outcomes data collected 

included NPRS for back and leg pain, JOABPEQ, ODI. At the 

final follow-up, all patients were asked if they were satisfied 

after doing the surgery with 3 options for answers either; fully 

satisfied, partially satisfied, or not satisfied at all. Radiological 

follow-up was done with dynamic radiographs on biannual ba-

sis. Analgesics were prescribed for 2-4 weeks after surgery.  

RESULTS 

Patients were 13 males and 9 females with an average age of 

66.7 years (range, 55–79 years). Mean duration of symptoms 

was 14.8±11.6 months. Surgery was done on 2 levels in 5 cases, 

where stenosis was present significantly in 2 levels, and discec-

tomy was done on 2 cases where significant disc prolapse was 

present (Figure 1). Spondylolisthesis was present in L4/5 level 

in 20 cases, and 2 cases were involving L3/4 level. The average 

operation time was 55±7.95 minutes, average blood loss was 

72±21.96 mL, and average hospital stay was 1.9±0.57 days. 

No intraoperative complications were detected. The mean 

follow-up was 49.3 months (range, 24–67 months). At the last 

follow-up, 13 patients reported to be fully satisfied, 7 patients 
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Figure 1. Preoperative PXRs (A, B) and MRI (C, D) of a 64-year-old female with first-degree degenerative spondylolisthesis and 
symptoms of lumbar canal stenosis. Decompression was performed in 2 levels (L3–4 and L4–5) with excision of the far lateral disc 
protrusion. (E, F) Follow-up PXRs 26 months postoperatively, showing no progression of instability on dynamic views. PXR, plain 
x-ray; MRI, magnetic resonance imaging.
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reported to be partially satisfied while 2 patients (9%) were not 

satisfied at all and all required revision formal posterior decom-

pression and transforaminal lumbar interbody fusion (TLIF) 

due to nonresolution of leg pain and claudication. At the final 

follow-up, the mean lower limb pain NPRS scores changed 

from 8.35±1.19 preoperatively to 1.6±1.1 (p<0.00001) while the 

mean LBP NPRS scores changed from 3.4±1.7 preoperatively 

to 0.95±0.92 at the final follow-up (p<0.00001) (Figure 2). The 

mean preoperative ODI score was 66.8%±8.3%, decreasing to 

25%±4.9% at the final follow-up (p<0.00001). Regarding the 

JOABPEQ, significant improvement in all ODI components was 

noticed at 1-year follow-up (Table 1). 

One patient had superficial wound infection that was man-

aged conservatively. At the final follow-up, no progression of 

the degree of slip was noticed, and all the patients had stable 

dynamic radiographs (Figure 1, 3). 

DISCUSSION 

This prospective study investigates the clinical and radio-

logical outcomes of minimally invasive microscopic-assisted 

decompression surgery in management of spinal canal stenosis 

associated with grade 1 DS cases. After a mean follow-up of 49.3 

months, good to excellent outcomes have been achieved in 20 

cases (91%) while 2 cases (9%) required revision with TLIF. 

Most cases of spinal stenosis associated with first-degree DS 

are managed conservatively with good results [1,2]. For those 

who require surgery, decompression and instrumented fusion 

has been one of the most chosen surgical approaches. Fusion 

surgery has its own demerits including but not limited to longer 

recovery, potential for complication from hardware placement, 

pseudoarthrosis or adjacent segment degeneration, to name a 

few [22,42]. 

To avoid the issues related to fusion surgery, various surgical 

techniques for decompression surgery, without fusion have 

been described in cases of symptomatic canal stenosis and 

stable spondylolisthesis, with overall satisfactory clinical results 

[24-26], yet slip progression after surgery, and hence the need 

for revision surgery remains a potential drawback after a non-

fusion surgery for spondylolisthesis [43,44]. With improvement 

of surgical instruments and techniques, the use of surgical mi-

croscopy allows for utilization of smaller incision, and less soft 

tissue and bony violation during the decompression surgery 

N
PR

S

LLP LBP

9
8
7
6
5
4
3
2
1
0

■ Pre
■ Post

Figure 2. Postoperative improvements in lower limb pain (LLP) 
and low back pain (LBP) numerical pain rating scale (NPRS) 
scores.

Table 1. Japanese Orthopaedic Association Back Pain Evaluation 
Questionnaire scores 

Variable Preoperative Last follow-up p-value
Low back pain 34.1±  28.7 88.75±9.6 <0.00001
Lumbar function 44.25±25.7 81.15±13.48 <0.00001
Walking ability 14.1±10.1 87.9±12.46 <0.00001
Social life function 20.9±11.3 69.45±10.22 <0.00001
Mental health 26.9±9.6 56.75±7.37 <0.00001

Values are presented as mean±standard deviation.

Figure 3. Preoperative PXRs (A, B) and MRI (C, D) of a 55-year-old man with first-degree L4–5 degenerative spondylolisthesis and 
symptoms of lumbar canal stenosis. Decompression was performed at one level (L3–4 and L4–5) with excision of the far lateral 
disc protrusion. (E, F) Follow-up PXRs 35 months postoperatively, showing no progression of instability on dynamic views. PXR, 
plain x-ray; MRI, magnetic resonance imaging.
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[45], which may result in a "more stable" decompression that 

could potentially decrease the incidence of postoperative insta-

bility and revision surgery. 

Several studies have reported about the clinical outcomes of 

microscopic, assisted decompression in low grade spondylolis-

thesis [23-26,44-48]. Following this technique, some reported 

no significant slip progression in short to midterm follow-up 

[24,26,47], while others reported significant slip progression 

[44,45]. Minamide et al. [44] reported significant clinical im-

provement while slip progression occurred in 19 of 242 cases 

(7.9%). Jang et al. [46], reported a slip progression in 7 of 21 

cases (33%). Nakanishi et al. [26] reported mild increased mean 

slip angle postoperatively in static but not in dynamic views. 

They reported that overall slip progression was insignificant. As 

for reoperation rate, Müslüman et al [24] reported that one case 

(1.2%) from his 84 cases series required fusion surgery. 

Compared to microscopic decompression, formal open 

decompression without fusion was reported to cause postop-

erative instability incidence reaching 26%, as reported by Inose 

et al. [49]. Interestingly, they reported the same percent of slip 

progression among decompression plus stabilization group 

(without fusion). In a metanalysis published by Scholler et al 

[21], minimally invasive decompression was found to result in 

lower reoperation and fusion rates, less slip progression, and 

greater patient satisfaction than open surgery. 

Our clinical results were comparable to the above reported 

studies- in terms of clinical improvement, while none of our 

cases showed significant slip progression. Two of our cases re-

quired formal decompression and fusion due to worsening of 

leg pain and LBP. These 2 cases were one of our first few cases, 

which certainly can be attributed to surgical technique as we 

progressed along the learning curve. Our study shows much 

better results (blood loss, operative time, and hospital stay) in 

comparison to fusion techniques, as would be expected with 

decompression only surgery [13,14,16]. 

We have several limitations in our study; the limited number 

of patients, short period of follow-up, and absence of control 

group. A comparative randomized study with longer term fol-

low-up and larger number of cases would be ideal to assess the 

success of the technique, especially in regarding the occurrence 

of instability and the need for revision. 

CONCLUSION 

We believe microscopic decompression using "over-the-top 

technique" is a viable option for patients with grade I DS and 

spinal stenosis with predominant leg pain symptoms. It allows 

for smaller incision, shorter hospital stay, minimal wound 

complications and overall good clinical outcomes without in-

creasing the risk of instability. Future research should focus on 

long term outcomes of this technique. 
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