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Abstract

Objective To investigate the clinical effectiveness of Arthroscopic-assisted Uni-portal Spinal Surgery (AUSS)
in the treatment of lumbar spinal stenosis.

Methods A total of 475 patients with lumbar spinal stenosis from January 2019 to January 2023 were included

in this study. Among them, 240 patients were treated with AUSS (AUSS group); the other 235 patients were treated
with unilateral bi-portal endoscopy treatment (UBE group). The differences in surgery-related clinical indicators, pain
degree before and after surgery, Oswestry Disability Index (ODI), CT imaging parameters of spinal stenosis, and clinical
efficacy were compared between the two groups.

Results Patients in the AUSS group had a shorter operative time than those in the UBE group, and the length of inci-
sion and surgical bleeding were less than those in the UBE group, with statistically significant differences (P < 0.05).
Before operation, there was no significant difference in the VAS score of low back pain and leg pain between the two
groups (P>0. 05). After operation, patients in both groups showed a significant reduction in low back and leg

pain, and their VAS scores were significantly lower than before the operation (P < 0.05). Three months after surgery,
the results of CT re-examination in both groups showed that the spinal stenosis of the patients was well improved,
and the measurements of lumbar spinal interspace APDC, CAC, ICA, CAD and LAC were significantly higher than those
before surgery (P<0. 05). Besides, the lumbar function of patients improved significantly in both groups, and ODI
measurements were significantly lower than those before surgery (P<0.05).

Conclusion Both AUSS and UBE with unilateral laminotomy for bilateral decompression can achieve good clinical
results in the treatment of lumbar spinal stenosis, but the former has the advantages of simpler operation, shorter
operation time, shorter incision length, and less surgical blood loss.
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Introduction

Lumbar spinal stenosis (LSS) is a disease caused by vari-
ous factors such as fibrous tissue proliferation, hyper-
trophy of the ligamentum flavum, or osteophytes, which
shortens the sagittal diameter of the spinal canal or neu-
ral root canal, resulting in neural root compression. It is
mainly manifested as low back and leg pain, intermittent
claudication, which seriously affect the walking ability of
elderly patients, causing great pain to patients [1, 2]. In
addition, elderly patients are often accompanied by some
internal medicine diseases such as hypertension, car-
diopulmonary dysfunction, and diabetes. These patients
often have poor results after conservative treatment and
have to choose surgical treatment [3].

In the past, open surgery was often used in the clinic,
but it may excessively strip the paraspinal muscles, lead-
ing to heavy bleeding and a higher probability of postop-
erative lumbar instability [4, 5]. In recent years, with the
rapid development of spinal endoscopy technology, it has
been favoured by clinicians and patients for its advan-
tages of small incisions, less bleeding, clear vision, and
reliable decompression effect. Unilateral bi-portal endos-
copy (UBE) technique, which offers both the benefits of
open surgery and minimally invasive treatment, plays
an important role in improving symptoms of lumbar
spinal stenosis [6—9]. However, studies have shown that
the rate of acquiring skills or knowledge in a short time
is slower for UBE technique. During surgery, there may
be situations such as instability in grasping instruments
or unstable visual field [10, 11]. Our improved Arthro-
scopic-assisted Uni-portal Spinal Surgery (AUSS) tech-
nique is relatively simple to operate and has a wide field
of view, but its use in lumbar spinal stenosis has been less
studied.

Lumbar spinal stenosis is usually diagnosed or evalu-
ated for efficacy by imaging examinations. Studies have
shown that CT examination is superior in evaluating
surgical effect of this disease [12]. When evaluating treat-
ment outcomes in lumbar spinal stenosis, scholars usu-
ally use imaging examinations to measure the relevant
diameter lines, but measurement of the spinal canal
and dural area has been rarely reported. Besides, assess-
ment results may also vary depending on the indicators
selected.

Based on the above research background, patients with
lumbar spinal stenosis were included in this study. A
CT image analysis system has been used to analyse the
relevant diameters and areas of the lumbar spine. Com-
bined with conventional perioperative and postoperative

evaluation indicators, this study dedicated to explore the
differences between the effects of AUSS and UBE tech-
nique in spinal endoscopic decompression for lumbar
spinal stenosis, aiming to provide a therapeutic basis for
the clinical application of AUSS technique.

Materials and methods

Study design and inclusion/exclusion criteria

A total of 475 patients with lumbar spinal stenosis hospi-
talized from January 2019 to January 2023 were selected
for this study. Patients were randomly divided using a
random number table. Among them, 240 patients were
treated with endoscopic spinal decompression using the
AUSS technique (AUSS group); another 235 patients
were treated with UBE technique (UBE group).

Inclusion criteria: (D The patients have typical symp-
toms such as low back pain, limb dysfunction, and inter-
mittent claudication; @ patient age range: 45-79 years
old; @ CT and MRI show that the sagittal diameter of
the spinal canal was less than 1.0 cm, and the lateral
recess spacing was less than 0.3 cm; @ the patient’s con-
servative treatment was not effective and surgery was
required.

Exclusion criteria: (D Patients with spinal tumours,
tumour metastasis, ankylosing spondylitis, and spinal
tuberculosis infection; (@ bleeding tendencies, platelet
abnormalities, or coagulation abnormalities; ©) patients
with multi-segmental (>3 segments) lesions; @ patients
with acute myocardial infarction, cerebrovascular dis-
ease, severe heart failure or major surgery within the past
3 months.

Surgical technique

AUSS technique: AUSS refers to the single-hole split
spine endoscopic technique. Parallel operation of endo-
scopes and instruments in a single hole. Therefore, it
can also be called single-hole dual-entry endoscopic
procedure. AUSS technique is based on the UBE tech-
nique, which shares a common set of instruments with
UBE. AUSS combines the single-sided dual-channel
double holes into a single hole, adding an endoscope to
the conventional open surgery, with the advantages of
open observation field, free operation space, and com-
patibility with a variety of spinal surgery techniques and
instruments. AUSS is a continuation and upgrade of the
intervertebral foraminoscopy and an improvement of the
unilateral dual-channel technique. The brief steps are as
follows: place the patient in a prone position and operate
under general anesthesia. Determine the intervertebral
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space of the diseased segment under C-arm fluoroscopy.
Insert a needle into the intervertebral space medial to
the pedicle, move the needle into the proximal articular
process on the lateral side of the vertebral plate, replace
with a guidewire, and then pull out the needle. Make an
incision about 1.5 cm long at the entrance of the needle,
enlarge the passage by using a dilation tube, withdraw
the dilation tube after dilation, and then insert a working
trocar to facilitate insertion of the spinal endoscope. The
difference in this plan is firstly performing laminectomy
and lateral recess decompression, and then removing the
proliferative ligamentum flavum to fully expose the nerve
root and dural sac. Decompress along the nerve root out-
let using a rongeur, enlarge the intervertebral foramen,
and then check for nerve root laxity, as shown in Fig. 1.
After surgery, rinse the wound, inject 2 ml betametha-
sone, and suture the skin.

UBE technique: preoperative preparation and localiza-
tion of the intervertebral space in the diseased segment
were the same as in the AUSS group. Points approxi-
mately 1 to 1.5 cm above and below the intersection of
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the midline of the intervertebral space and the inner
edge of the pedicle were used as observation and surgical
holes, respectively. An intervertebral foraminoscope was
placed at the head end as an observation channel, and
the caudal incision was chosen as the surgical channel
to facilitate access to the decompression surgical instru-
ments. Steps: incised sequentially the skin, subcutaneous
tissue, and fascia, use a dissector to pass through the par-
aspinal muscles to reach the vertebral plate, and passively
separate the soft tissue overlying it. At the work channel,
use a radiofrequency scalpel to separate the ligamentum
flavum and the soft tissue on the vertebral plate. Perform
laminectomy decompression and then the remaining
steps are the same as in the AUSS group.

Observation indexes and evaluation methods

Compare the clinical indicators related to surgery, pain
level before and after surgery, Oswestry disability index
(ODI), CT imaging parameters of spinal stenosis includ-
ing the anterior—posterior diameter of the canal (APDC),
cross-sectional area of the canal (CAC), inscribed circle

Fig. 1 Performance of AUSS technique for bilateral decompression in the LSS patient. A Find the lower margin of the upper laminae

and the laminae space. B The bone was removed in a circular manner along the lower margin of the upper laminae, the facet joints, the upper
margin of the lower laminae, and the root of the spinous process. C Complete exposure and uncovering of the ligamentum flavum. D Exposure
to the dural sac of the decompression segment. E Adequate decompression of the ipsilateral traversing nerve root and the dural sac. F Adequate
decompression of the contralateral traversing nerve root and the dural sac. A, the lower margin of the upper laminae; %, interlaminar space; *,
ligamentum flavum; #, nerve root; *, dural sac
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area (ICA), cross-sectional area in the dura (CAD), and
libarea of the canal (LAC), as well as differences in clini-
cal outcomes. The postoperative pain level of patients
was evaluated using the Visual Analogue Pain Scale
(VAS), which evaluated their low back and leg pain lev-
els before, 3 months, and 6 months after the surgery. The
maximum score is 10, and the minimum score is 0. The
more severe the pain, the higher the score. The ODI dys-
function index can evaluate patient dysfunction, with a
total of 10 items and 6 alternative answers for each item
(0-5 points; 0 indicates no dysfunction and 5 indicates
the most severe dysfunction) [13, 14]. The ODI value is
calculated by adding the scores of each item to the total
score and calculating the percentage of the highest score
of the 10 items (50 points). The closer the index is to
100%, the more severe it is, and 0% is normal. Besides,
we evaluated the therapeutic effect using the modified
Macnab efficacy standard, which was classified as excel-
lent, good, acceptable, and poor based on the patient’s
functional recovery after 6 months of surgery. Excellent:
Complete disappearance of symptoms and return to work
and life as usual; good: slight symptoms, slightly limita-
tion of activity, no impact on work and life; acceptable:
reduce symptoms, limited activity affecting normal work
and life; poor: no difference or even worsening before
and after treatment. Before and 3 months after surgery,
a GE64 row CT machine was used for examination. The
examination sites were L4/5 and L5/S1 intervertebral
spaces, and the scanning conditions were as follows: scan
4 layers, layer thickness 5 mm, voltage 140 kV, current
284 mA, matrix: 512x512. The measurement indicators
include ICA, CAC, APDC, LAC, and CAD. CAC: The
area measured from the anterior edge of the ligamen-
tum flavum, the inner edge of the pedicle, and the outer
edge of the nerve root, with the intervertebral disc as the
point. APDC: The distance from the midpoint of the pos-
terior edge of the vertebral body to the anterior edge of
the spinous process. ICA: The area of an inscribed circle
drawn within the central spinal canal at the above-men-
tioned spinal canal boundary. LAC: Using soft tissues
such as the posterior longitudinal ligament and ligamen-
tum flavum within the spinal canal as the inner bound-
ary, determine the area of the spinal canal surrounded by
soft tissues. CAD: Through circular scanning, taking the
outer boundary of the dural sac as the range, the enclosed
area is called CAD. The area enclosed by CAD and CAC
is called LAC.

Statistical analyses

IBM SPSS Version 22.0 (IBM Corporation, Armonk, New
York, USA) was used to perform the statistical analy-
ses. The measurement data of APDC, CAC, ICA, CAD,
and LAC in the lumbar intervertebral space collected
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in this study that conform to normal distribution were
described using (X ts), and the comparison between the
two groups was conducted using independent sample
t tests; repetitive measurement analysis of variance was
used for inter-group comparison of repeated economet-
ric data; counting data (gender, lesion segment, disease
classification, treatment effect, etc.) should be described
using component ratios or rates, and comparative analy-
sis between groups should be conducted chi-square test;
rank counting data were tested using Mann—-Whitney U
test; P<0.05 indicates that the difference is statistically
significant.

Results

Comparison of preoperative baseline data

Table 1 shows the comparison of the preoperative basic
data of the patients in the two groups. The difference
between the two groups was not statistically significant
(P<0. 05), indicating that the randomized grouping is
reasonable.

Comparison of clinical surgical indicators

Figure 2 shows the two surgical methods of intraopera-
tive operation processes for typical cases, respectively.
The surgical process and postoperative recovery of
patients in the two groups were analysed. The operative
time of patients in the AUSS group was shorter than that
in the USE group, and the amount of surgical bleeding
was less than that in the USE group (P<0. 05). However,
there were no significant difference between the two
groups in terms of postoperative bed rest and hospital
stay (P> 0. 05). See Table 2.

Table 1 Demographic data of the patients in AUSS and UBE

groups

AUSS UBE /x> P
Number of patients 240 235 / /
Age 567+78 579+69 1.775 0.0766
Sex(male/female) 145/95 123/112 3.15 0.0759
BMI 243423  246+2.1 1484  0.1386
Duration of disease(months) 18.8+7.8 194+86 0.7968 0426
Diseased segment
L2/3 1 2 0.709  0.8711
L3/4 12 10
L4/5 124 117
L5/51 103 106

Type of spinal canal stenosis ~ 29/38/173  40/23/172 5393  0.0674

(Central/lateral recess/mixed)

AUSS Arthroscopic-assisted Uni-portal Spinal Surgery; UBE unilateral bi-portal
endoscopy; BMI body mass index
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Fig. 2 Positioning and external observation before spinal decompression were performed by the two surgical methods. A and B Target disc
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space by AUSS method was confirmed via posteroanterior and lateral fluoroscopy. C Operative photograph showing OSE method for bilateral
decompression. D and E Target disc space by the UBE method was confirmed via posteroanterior and lateral fluoroscopy. F Operative photograph

showing UBE method for bilateral decompression

Table 2 Comparison of clinical surgical indicators in AUSS and
UBE groups

AUSS UBE t P
Operation time (min) 502+89 557+93 6585 <0.0001
Incision length (cm) 1.5+02 3.1+£03 6852 <0.0001
Intraoperative blood loss (mL) 64.7+7.8 742+69 14.05 <0.0001
Time in bed (h) 16.7+63 164+74 04761 0.6342
Hospital stay (d) 48+24 51428 1255 0.2102

AUSS Arthroscopic-assisted Uni-portal Spinal Surgery; UBE Unilateral bi-portal
endoscopy

Comparison of low back pain scores and ODI

before and after surgery

In the VAS scores of low back and leg pain, there was
no statistically significant difference between the AUSS
group and the UBE group (P>0 05). Besides, after sur-
gery, the pain levels in the lower back and leg of both

groups of patients were significantly reduced, and the
VAS score was significantly lower than before surgery
(P<0.05); See Table 3.

There was no statistically significant difference in
ODI values between the AUSS group and the UBE
group before surgery (P>0 05); the postoperative lum-
bar function of both groups of patients was significantly
improved, and the ODI measurement value was sig-
nificantly lower than that of this group before surgery
(P<0.05). See Table 3.

Comparison of CT imaging parameters before and after
surgery

Before surgery, there was no statistically significant dif-
ference in the measurement values of APDC, CAC,
ICA, CAD, and LAC between the AUSS group and the
UBE group (P >0.05). Patients in the two groups under-
went CT re-examination 3 months after surgery and the
results show that the stenosis of the spinal canal in the
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AUSS UBE F P
Lumbar VAS score
pre-operation 56+14 57+16 Finteraction = 3-683 P=0.0254
3 months after operation 24+08" 26+1.1" Fime=1331 P <0.0001
6 months after operation 21410 19409 Finter-group = 02833 P =0.5946
Leg VAS score
pre-operation 6.5+13 6.7+1.1 Finteraction=4-132 P=0.0162
3 months after operation 25412 23+13" Frime = 2065 P<0.0001
6 months after operation 20£1.0" 18414 Finter-aroup = 1033 P=0.3096
ODI (%)
pre-operation 67.8+10.7 64.8+114 Finteraction = 0.865 P=0.0011
3 months after operation 187+6.7" 196+78" Fiime=5478 P<0.0001
6 months after operation 154456 152462 Fnter-group = 2-994 P=0.0838

Preoperative comparison with this group P <0. 05
AUSS Arthroscopic-assisted Uni-portal Spinal Surgery; UBE Unilateral bi-portal endoscopy; ODI Oswestry disability index; VAS Visual analogue scale

Fig. 3 Imaging data of a typical case of L4/L5 lumbar spinal stenosis undergoing AUSS treatment. A, B Preoperative magnetic resonance imaging.

C Preoperative computed tomography. D Computed tomography 1 week after surgery
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Table 4 Comparison of CT imaging parameters before and after
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Table 5 Treatment effect evaluation and complications in AUSS

operation and UBE group

AUSS UBE t P AUSS UBE X2 P
APDC(mm) Therapeutic effect
pre-operation 13316 135+14 1.575 05215 excellent 92 80 4328 0.2282
3 months after operation  154+1.3" 153+12" 07875 09661 good 120 112
CAC (mm?) acceptable 26 39
pre-operation 156.5+289 15394334 09018 09359 poor 2 4
3 months after operation  3144+325  3093+307 1769 03826 Complications
ICA (mm?) infection 0 1 06 0.7408
pre-operation 926+167 964+184 2009 0.2403 nerve injury 2 3
3 months after operation  234.5+236" 23094229 1904 0298 dural laceration 1 2
CAD (mm?)
pre-operation 12784323 1332+314 1816 03517
3 months after operation  2183+342" 22144316 1042 08798
LAC (mm?) which significantly improves the stability of the spine. Its
pre-operation 148436 156441 1749 03961 effectiveness in treating lumbar spinal stenosis has been
3 months after operation 327457 336+61° 1968 02622  extensively studied and confirmed. AUSS technique is

Preoperative comparison with this group P <0. 05

ICA Inscribed circle area; CAC cross-sectional area of the canal; APDC Sagittal
diameter of the canal; LAC Epidural space; CAD Cross-sectional area in the dura

patients was significantly improved. Figure 3 shows the
imaging data of a typical case of L4/L5 lumbar spinal ste-
nosis under AUSS treatment. The measurement values
of APDC, CAC, ICA, CAD, and LAC were significantly
increased compared to those before surgery (P<0.05).
Comparing the differences in lumbar interspace APDC,
CAC, ICA, CAD, and LAC before and after treatment
between the AUSS group and the UBE group, the dif-
ferences were not statistically significant (P>0 05). See
Table 4.

Treatment effect evaluation and complications

The clinical effects of the two groups were evaluated
6 months after surgery. According to the modified Mac-
nab efficacy standard, there was no statistically signifi-
cant difference in the treatment effect of spinal stenosis
between the AUSS group and the UBE group (P> 0.05).
In addition, the incidence of postoperative complica-
tions was 1.25% in the AUSS group and 2.55% in the UBE
group; the difference in both groups was not statistically
significant (P> 0. 05). See Table 5.

Discussion

Lumbar spinal stenosis has a huge impact on patient’s
life, and surgery is a good choice for patients who do not
respond well to conservative treatment. According to the
studies [15, 16], UBE has a large operating angle and a
similar decompression effect to open surgery. It has mini-
mal damage to the paraspinal muscles during surgery,

modification of the UBE technique, which can be quickly
applied and significantly improve the spinal stability and
patient’s mobility. However, there are few studies com-
paring the effectiveness of two surgical treatments for
lumbar spinal stenosis. This study is the first to compre-
hensively analyse and compare the effects of AUSS and
UBE techniques for spinal endoscopic decompression in
the treatment of lumbar spinal stenosis, as well as their
impacts on patients’ imaging-related indexes, periopera-
tive indexes, and postoperative functional indexes.

The results showed that the operation time in the AUSS
group was shorter than that in the UBE group, the intra-
operative blood loss was less than that in the UBE group,
and the length of the incision was smaller than that in the
UBE group. Besides, there was no significant difference
in postoperative bed rest and hospital stay between the
two groups. These results indicate that the AUSS tech-
nique has more advantages than UBE in shortening the
operation time, decreasing bleeding, and reducing the
length of surgical incision. For the clinical therapeutic
advantages of AUSS, we thought they might be attributed
to the following points: (1) Compared with the UBE tech-
nique, the intraoperative localization of AUSS is simpler
and facilitates rapid determination of the window-open-
ing range. Besides, the UBE method is relatively complex,
the surgical segment needs to be defined by fluoroscopy,
and there is a higher chance of intraoperative instru-
ments colliding and obstructing each other, which makes
the risk of surgical bleeding greater. (2) AUSS technique
uses a single hole, which greatly reduces damage to the
surrounding tissues from the radio-frequency electrodes
compared to UBE. When UBE strips muscle tissue, it
increases damage to surrounding tissues, leading to
increased bleeding [17]. (3) AUSS technique is relatively



Wang et al. Journal of Orthopaedic Surgery and Research (2024) 19:167

simple to decompress and has a short learning curve,
making it easier for physicians to familiarize themselves
with and master. In contrast, the UBE technique is a dif-
ficult procedure with a steep learning curve.

In addition, our results showed that patients in both
groups experienced a significant reduction in postop-
erative low back and leg pain and a significant reduc-
tion in VAS scores compared to preoperative periods,
suggesting that both techniques could improve the pain
symptoms of the patients. UBE can technique decom-
press the spinal canal and protect the medial branch of
the dorsal branch of the spinal nerve without additional
stretching of the relevant muscles, thus improving the
patient’s pain. Therefore, the technology not only meets
the requirements of minimally invasive but is also practi-
cal. While adhering to minimally invasive surgery, AUSS
technique further expands the scope of surgical opera-
tion and decompression, avoids the removal of surround-
ing normal tissues during surgery, which greatly reduces
the degree of damage to the surrounding tissues, and
improves the postoperative pain of patients to a certain
extent.

Currently, it is common to diagnose lumbar spinal
stenosis or evaluate its treatment based on symptoms,
signs, and imaging data [18, 19]. In this study, CT imag-
ing software was used to measure changes in relevant
regional parameters that can reflect complex anatomical
morphology, which was superior to predicting postop-
erative outcomes by simple radial lines. On CT review at
3 months postoperatively, the measurements of APDC,
CAC, ICA, CAD, and LAC in the two groups were sig-
nificantly higher than those in the corresponding pre-
operative groups, indicating that both surgeries could
significantly improve the abnormal anatomy of the lum-
bar stenosis site. Moreover, both procedures are per-
formed through an interlaminar approach that provides
adequate decompression of the central spinal canal and
nerve root canal. Previous studies have found [20] that
both methods can significantly improve lumbar scoliosis
and axial rotation. Besides, some studies [21, 22] found
that both surgeries not only improve the congenital insta-
bility of the lumbar spine, but also slow down lumbar
degeneration. In this study, we found that both surgical
techniques provided relief from the symptoms of lumbar
spinal stenosis. Additionally, both of them could preserve
the integrity of the facet joint, spinous processes, and
supraspinous ligaments, which is important for main-
taining spinal stability.

At the same time, the results of our study also showed
a significant improvement in lumbar spine func-
tion in both groups, with ODI measurements signifi-
cantly lower than preoperative values. The statistics of
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postoperative complications showed that there was no
significant difference in the complication incidence
between the two groups. It shows that both surgical
methods have an improving effect on the dysfunction of
the body, and confirms that both methods are less dam-
aging to the paravertebral muscles, which is conducive
to improving the stability of the spine. Moreover, both
surgical methods can improve the pain symptoms of
patients and better maintain spinal stability and motion
after surgery, which is conducive to a speedy recovery
and improved postoperative dysfunction.

However, this study also has some shortcomings.
Cause AUSS technique is an improvement on the
domestic UBE technique, the study lacks long-term fol-
low-up data for domestic patients, and the impact on
long-term prognosis is not clear enough.

In summary, both AUSS and UBE techniques can
achieve good clinical results in the treatment of lumbar
spinal stenosis, with the differences being that the for-
mer is simpler to perform, has a shorter operative time,
a smaller incision, and causes less surgical bleeding.

Conclusion

Compared to UBE, AUSS technique has the advantages
of simpler operation, shorter operation time, shorter
incision length, and less surgical blood loss.
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