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Purpose: This study aimed to investigate the feasibility of interlaminar endoscopic surgery for the treatment of adjacent segment
disease (ASD) after posterior instrumented lumbar fusion.

Materials and Methods: Between January 2019 and March 2023, the data of 22 patients with ASD who underwent revision
interlaminar technique (R-ILT) endoscopic surgery after posterior instrumented lumbar fusion were retrospectively analyzed.
For comparison, the data of 30 patients with single segment lumbar spinal stenosis who underwent primary interlaminar technique
(P-ILT) endoscopic surgery were collected. The patient demographics and perioperative indicators were recorded and the clinical
outcomes were analyzed with relevant evaluation scales. The surgical satisfaction was assessed using the modified MacNab criteria,
lumbar stability was evaluated using the change in dynamic position radiographs of the spine at the final follow-up.

Results: There were no statistical differences in patient demographics. The operation time, blood loss, fluoroscopy time, and the
incidence of dural sac tears were higher in R-ILT group (p < 0.05). Both groups had significant relief in their lower back and leg pain
symptoms, but the relief of the low back pain in R-ILT group was not as good as that in P-ILT group. Regarding recovery of lower
limb function, the results of both groups were similar, according to the modified MacNab criteria, the good-to-excellent rate was
81.82% in R-ILT group and 86.66% in P-ILT group. The change in dynamic position X-ray of the spine proved that ILT would not
destroy the stability of the spine.

Conclusion: Interlaminar endoscopic surgery is a feasible option for treating ASD. However, due to the impact of the initial
operation, the difficulty and risk of reoperation have increased; therefore, surgical indications must be strictly controlled, and superb
surgical skills are required.
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Introduction
Posterior instrumented lumbar fusion surgery is widely used to treat degenerative lumbar diseases, as it provides
sufficient decompression and immediate segmental stabilization. However, it also increases the biomechanical loading
and abnormal motion of the adjacent segments, which may contribute to the occurrence of adjacent segment disease
(ASD)."? ASD refers to symptomatic adjacent segment degeneration following spinal fusion,® and its progression can
lead to corresponding symptoms such as low back pain, unilateral or bilateral lower limb radiation pain, and intermittent
claudication, ultimately affecting the surgical outcome. According to different reports, the incidence of ASD after lumbar
spine surgery ranges from 5.2% to 31%.*°

When treating ASD, if the symptoms are not serious, conservative treatment can be performed, whereas surgical
treatment is required when obvious spinal cord compression and nerve root symptoms occur. Surgical treatments aim to
relieve spinal canal stenosis, restore vertebral stability, and improve clinical symptoms.®’ Traditionally, posterior revision

decompression and extension of fusion surgery have been the main surgical methods.® However, considering the
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economic pressure and significant trauma, it is difficult for most people to accept open surgery again, especially for the
elderly and patients with chronic diseases.

In the past few years, spinal endoscopy has developed rapidly, and many degenerative diseases of the lumbar spine
can be performed under endoscopy, even including spinal instability and the management of tumors and infections,®
which can offer the potential benefit of symptom alleviation without incurring the risks and complications of open
surgery;” ! thus, spinal endoscopy may play a role in the treatment of ASD.

As one of the main techniques used for spinal endoscopy, the interlaminar technique (ILT) has been widely used, and
related studies have demonstrated its safety and effectiveness in the treatment of spinal disorders.'>'* In this study, we
retrospectively analyzed the application of ILT in treating ASD, which is associated with lumbar spinal stenosis (LSS),

and compare it with primary ILT surgery, with the aim of providing a reference for clinical practice.

Materials and Methods

Patients

Between January 2019 and March 2023, the data of 22 consecutive patients with LSS secondary to posterior instru-
mented lumbar fusions who underwent revision ILT were collected and compared with the data of 30 patients with
single-segment LSS who underwent primary ILT surgery, patients in both groups underwent single-level unilateral
endoscopic decompression. Based on the different treatment processes, patients were divided into primary ILT (P-ILT)
and revision ILT (R-ILT) groups.

The inclusion criteria were: 1. in the R-ILT group, there should be a minimum 12-month pain-free period after lumbar
fusion surgery; 2. neurogenic claudication and/or radicular pain and failure of conservative treatment for at least 3
months; 3. in both groups, LSS was mainly caused by facet joint hyperplasia, ligamentum flavum and disc herniation,
and it was confirmed by imaging findings (Figures 1A—E and 2A—E), which corresponded to the patient’s symptoms; in
the R-ILT group, the lesion segment was adjacent to the previous fusion surgery location; and 4. age 60 years or older. 5.
the minimum follow-up time in this study was 24 months.

Figure | Pre-and postoperative imaging data of a patient in P-ILT group. (A—E) The imaging data shows obvious stenosis of the L4-5 spinal canal. The red box in subfigure
C indicates the site of lumbar stenosis. (F) Intraoperative lateral image. (G) The working channel was mainly surrounded by muscle tissue (%). (H) Under endoscopic
visualization, the thickened ligamentum flavum (#) can be easily removed. (I) No obvious adhesion on dural surface (%). (J) Postoperative CT shows a significant enlargement
of the spinal canal.
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A

Figure 2 Pre-and postoperative imaging data of a patient in R-ILT group. (A—E) The imaging data shows obvious stenosis of the L5-S| spinal canal.The red box in subfigure C indicates
the site of lumbar stenosis. (F) Intraoperative lateral image. (G) The working channel was mainly surrounded by scar tissue (%). (H) Adhesion between dura (%) and surrounding
tissues. (I) The epidural space was exposed and a tear of the dural sac (%) was found. (J) Postoperative CT shows a significant enlargement of the spinal canal.

The exclusion criteria were: 1. segmental instability or spondylolisthesis on dynamic radiographs; and 2. low back
pain being the main symptom; 3. accompanied by other pathological spinal conditions, including trauma, tumor, or
infection; and 4. lost to follow-up.

Surgical Procedure

Patients in both groups underwent single-level unilateral endoscopic decompression, in the ILT endoscopic approach,
the patient was placed in the prone position. A G-arm X-ray machine was used to confirm the responsible segment
(Figure 1F and 2F), and the entry point was approximately 2 cm from the midline. After injecting local anesthesia,
a transverse incision, approximately 15 mm long, was made, the working channel was placed, and a 10 mm large channel
endoscope (Spinendos GmbH, Miinchen, Germany) was inserted. The interlaminar space was enlarged by removing part
of the surrounding tissues, and the thickened ligamentum flavum and hyperplastic facet joint were carefully resected
(Figure 1G, H and 2G, H). To maintain spinal stability, the resection range did not exceed the outer edge of the nerve root
and the attachment point of the ligamentum flavum; after the epidural space was exposed (Figure 11 and 2I), the working
channel was rotated, the nerve root was pushed gently away from the channel, and the herniated discs were removed.

Outcome Assessment

The clinical efficacy was analyzed with relevant evaluation scales, the visual analog scale (VAS)'® was used to assess low
back and leg pain, Oswestry Disability Index (ODI)'® and Japanese Orthopedic Association (JOA) scale'” were used to
evaluate the recovery of lower limb function, and the results were recorded preoperatively and at 1 week, 6 months, 12
months, and 24 months postoperatively. Surgical satisfaction was assessed using the modified MacNab criteria'® at the
final follow-up. Lumbar segmental stability was evaluated using dynamic position radiography of the spine at the final
follow-up, and we selected a commonly used definition: a change in intervertebral angulation greater than 10° or
vertebral translation greater than 4 mm on the dynamic position radiograph of the spine was considered segmental
instability (Figure 3A-D).'*?°
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Figure 3 The changes in angulation (A and B) and translation distance (C and D) on the lateral flexion and extension were used to reflect the spine’s stability.

Statistical Analysis

Another researcher who was blinded to the group allocation independently collected and assessed the data. The
categorical variables were compared using the chi-square test and independent continuous variables were compared
using the Student’s ¢-test; p < 0.05 was considered significant. Statistical analyses were performed using the IBM SPSS
software (version 23.0; IBM Corp).

Results

Preoperative Demographic Characteristics

As shown in Table 1, a total of 52 patients were included. There were 22 in R-ILT group, (14 males, 8 females), and 30 in P-ILT
group (14 males, 16 females). The mean age was 73.59 + 5.84 years in R-ILT group and 72.37 + 5.56 years in P-ILT group; the
average symptom duration was 8.09 + 3.18 months in R-ILT group and 9.30 + 3.37 months in P-ILT group. We found no
statistical differences in age, sex, disease duration, or co-morbidities between the two groups (p>0.05). In R-ILT group, the
interval time between the reoperation and the primary operation was 26.27 + 8.88 months, 18 cases had lesions on the cephalic
side and 4 cases on the caudal side of the fused segment. The distribution of lesion segments of the two groups showed no
statistically significant differences (p>0.05) (Table 1).

Table | Demographics of Study Patients

R-ILT P-ILT P-value

Number of patients (male: female gender) 22 (14:8) 30 (14:16) 0.225
Mean age, years (SD) 73.59 (5.84) 72.37 (5.56) 0.446
Symptom duration time, months (SD) 8.09 (3.18) 9.30 (3.37) 0.197
Distribution of lesion segment 0.075
L3/4 I 6
L4/5 6 13
L5/S1 5 I
Comorbidities 0.931

Hypertension 2 3

Diabetes 3 5

Cardiovascular diseases 4 4

Respiratory diseases 3 4
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Table 2 Perioperative Indicators and Complications of the Two
Groups

R-ILT P-ILT P-value

Operation time, min (SD) | 99.36 (10.77) | 91.63 (8.16) | 0.005

Blood loss, mL (SD) 27.59 (7.08) | 21.57 (5.49) | 0.002

Fluoroscopy time, s (SD) 23.05 (4.81) 18.53 (4.07) | 0.001

Major Complication

Transient dysesthesia 2 3 0913
Intraoperative dura tear | 3 0 0.039
Infection 0 0

Reoperation 2 | 0.384

Perioperative Indicators and Comeplications

As shown in Table 2, the average operation time in R-ILT group and P-ILT group was 99.36 + 10.77 and 91.63 +
8.16 minutes, respectively, with a P value = 0.005, the average blood loss in R-ILT group and P-ILT group was 27.59 +
7.08 and 21.57 + 5.49 mL, respectively, with a P value = 0.002, and the average fluoroscopy time in R-ILT group and
P-ILT group was 23.05 £ 4.81 and 18.53 + 4.07 seconds, respectively. With a P value = 0.001, the operation time, blood
loss, and fluoroscopy time of the R-ILT group were significantly higher than those of the P-ILT group (p < 0.05). There
was no statistical differences in the number of transient dysesthesia, infection, and reoperation (p>0.05), but the
incidence of dural sac tears in R-ILT group was higher than that in P-ILT group (p = 0.039).

Clinical Results

In this study, the mean follow-up time of all patients was 24.94 + 0.89 months. As shown in Figure 4A and B,
there was no significant difference in the preoperative back and leg-related VAS scores between the two groups.
Post-surgery, the back and leg-related VAS scores of the two groups showed a clear downward trend. The average
12-month postoperative back-related VAS scores in R-ILT group and P-ILT group was 3.36 £ 0.85 and 2.83 +
0.95, respectively, with a P value = 0.043, in the 24-month follow, the average back-related VAS scores in R-ILT
group and P-ILT group was 3.18 + 0.73 and 2.50 £ 1.01, respectively, with a P value = 0.007, the back-related
VAS scores of the R-ILT group were higher at 12 and 24 months (p < 0.05), which indicated that the relief of
back pain symptoms in P-ILT group was more significant.

As shown in Figure 4C and D, during the entire follow-up period, there was a significant improvement in functions as
measured with ODI and JOA scores in both groups, in addition, the modified MacNab criteria results at the final follow-
up showed that the good-to-excellent rate was 81.82% in R-ILT group and 86.66% in P-ILT group, respectively
(Figure 5A and B).

Stability of the Lumbar Spine

The postoperative computed tomography (CT) imaging in this study showed that, after surgical treatment, the volume of
the spinal canal has significantly expanded in both groups [Figure 1J and 2J], according to the record of dynamic position
radiography of the spine before and after surgery (Table 3), the postoperative change in intervertebral angle and vertebral
translation increased compared with those before the operation, and there was a statistically significant difference in
postoperative change in intervertebral angle between the two groups. However, the change in angulation was still less
than 10°, and the translation distance was still within 4 mm in both groups after the operation; therefore, the surgical

segments remained stable.
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Figure 4 Effects of clinical outcome over time. (A and B) The VAS scores of back and leg pain in different groups. (C and D) The ODI and JOA scores in different groups. * p < 0.05.

A Modified macnab criteria of R-ILT B Modified macnab criteria of P-ILT
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Figure 5 (A) Outcome of the modified MacNab criteria in R-ILT group. (B) Outcome of the modified MacNab criteria in P-ILT group.
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Table 3 Comparison of Lumbar Stability of the Two Groups

R-ILT P-ILT P-value

Change in angulation, ° (SD) Preoperative 5.68 (1.04) | 5.13 (1.28) | 0.105

Final Follow Up | 6.95 (1.17) | 6.13 (1.31) | 0.024

Translation distance, mm (SD) | Preoperative 2.05 (0.72) | 1.87 (0.78) | 0.402

Final Follow Up | 2.32 (0.57) | 2.17 (0.75) | 0.429

Discussion
In this study, we can see ILT is a feasible option for treating ASD that occurs after posterior lumbar decompression
surgery with instruments.

ASD is a broad concept,”' for ASD caused by different reasons, we need to administer corresponding treatments
according to the specific etiology. In this study, we mainly studied adjacent segment spinal canal stenosis after lumbar
fusion, with the primary goal of relieving spinal canal stenosis and alleviating the corresponding symptoms.

Currently, many studies have shown that spinal endoscopy has significant advantages in treating degenerative spinal
disorders.?> 4 However, whether these advantages still exist in the treatment of ASD after lumbar fusion, and how the
postoperative effect is, still, need further exploration, which led to this study.

Lumbar spine endoscopy is mainly divided into transforaminal and interlaminar approaches. Compared with the
interlaminar approach, the transforaminal approach can avoid the influence of initial postoperative scars and internal

. 250
fixation,?>*°

which may affect the placement of the working channel and increase the incidence of complications such as
dural sac tear and nerve damage. However, previous research found that, compared with the transforaminal approach, the
interlaminar approach can more effectively relieve lumbar spinal stenosis caused by disc fragments, ligamentum flavum
hypertrophy, facet hyperplasia, and osteophytes.'* Therefore, for better therapeutic effect, ILT was selected to treat ASD
in this study.

During the surgery, we found that in P-ILT group, the working channel was mainly surrounded by muscle tissue, with
less bleeding, and the anatomical structure was easy to identify; however, in R-ILT group, the working channel was
mainly surrounded by scar tissue, and there was interference from internal fixation, making hemostasis difficult, and the
anatomical structure was unclear to identify; therefore, more X-ray fluoroscopy was needed in R-ILT group to ensure the
correct position of the working channel. After reaching the epidural space, more epidural adhesions can be found in
R-ILT group, we believe that it is caused by the expansion of intraspinal adhesions to adjacent segments after the initial
operation; therefore, the R-ILT group had higher blood loss and longer operation time, and the incidence of epidural tears
was higher in the R-ILT group, when the scope of dural sac tear was small, the problem can be solved by tight deep fascia
suture, when the scope of tear was large, open surgery was needed to suture the dural sac.

On the basis of relevant clinical literature, percutaneous endoscopic surgery could achieve satisfactory clinical effects
in ASD treatment after lumbar fusion.”' According to the postoperative follow-up results of this study, both groups of
patients showed significant relief in their lower back and leg pain symptoms, perhaps because of the influence of the
initial operation, the relief of lower back pain in the R-ILT group was not as good as that in the P-ILT group. At the same
time, the lower limb function of the two groups was also restored, and related literature has reported that, after ILT, the
area of the dural tube can be increased up to 408.0% (range: 211-774%),"'"-** the postoperative computed tomography
(CT) imaging in this study showed that, after surgical treatment, the volume of the spinal canal has significantly
expanded in both groups, which should be the key to the relief of related symptoms and the recovery of lower limb
function.

According to the record of dynamic position radiography of the spine, during the follow-up period, there was no
lumbar instability in either group, but the postoperative change in intervertebral angle and vertebral translation increased
compared with that before surgery. Whether this situation will continue to progress, and whether lumbar instability will
occur in the future, needs further observation.
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Limitations

The present study has some limitations, including a relatively small number of observed cases and a short follow-up
period. The indicators related to the operation process, the effect of the operation, and the incidence of complications is
all closely related to the operation of the surgeon. As is well known, ASD is a broad concept that refers to a variety of
complications,? therefore, to facilitate the research, we only selected the cases of lumbar spinal stenosis for study.
Finally, this was a retrospective clinical study, and higher quality clinical studies are needed to verify our findings.

Conclusion

For patients with ASD after posterior instrumented lumbar fusion, ILT surgery is a feasible option, especially for the
elderly, similar to the primary ILT surgery, as long as decompression is sufficient, good clinical results can be obtained
without causing spinal instability, but the difficulty and risk of ILT surgery will increase; therefore, surgical indications
must be strictly controlled, and superb surgical skills are required.

Abbreviations

ASD, adjacent segment disease; LSS, lumbar spinal stenosis; R-ILT, revision interlaminar technique; P-ILT, primary
interlaminar technique; VAS, visual analog scale; ODI, Oswestry disability index; JOA, Japanese orthopedic association;
CT, computed tomography.
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