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Background: This study aimed to investigate the therapeutic and prognostic effects of percutaneous transforaminal endo-
scopic decompression (PTED) for degenerative lumbar spinal stenosis (DLSS).

Material/Methods: One hundred eighty-eight patients with DLSS were randomly divided into the fenestration and the PTED group
for decompression treatment. Operative time, incision length, amount of blood loss, length of hospitalization,
and rates of complications in the 2 groups were compared. All patients underwent computed tomography (CT)
scanning and magnetic resonance imaging (MRI) on the first postoperative day. All patients were assessed pre-
operatively and the treatment effects at 3, 6, and 12 months postoperatively were evaluated using visual an-
alog scale (VAS), Japanese Orthopedic Association Score (JOA) and Oswestry Disability Index (ODI). The modi-
fied MacNab criteria were used to assess patient satisfaction 1 year after surgery at the last follow-up.

Results: Patients who underwent PTED had shorter incisions, less blood loss, and shorter hospital stays than those in
the fenestration group, but operative times and complication rates were similar in the 2 groups. Moreover, CT
scanning and MRI revealed similar treatment effects in the 2 groups. Compared with preoperative status, im-
provements in VAS, ODI, and JOA scores occurred at different times after surgery in the 2 groups. In particular,
all 3 scores in the PTED group were higher than those in the fenestration group at 3 and 6 months postoper-
atively. There were no significant differences in MacNab scores between the 2 groups.
Conclusions: PTED is safer and more effective than traditional fenestration for management of DLSS.
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Background

Degenerative lumbar spinal stenosis (DLSS) is a disabling con-
dition that is common in the elderly and is associated with a
wide variety of symptoms, including low back pain, lower limb
numbness, sensation disorders, weakness, bladder dysfunc-
tion, and claudication [1]. The precise incidence of degenera-
tive spinal stenosis is unclear, but almost 50% of individuals
over 60 years of age experience low back pain, which is com-
monly ascribed to DLSS [2]. Reported prevalence of DLSS in
different regions varies from 20% to 60% [3-5]. Pathologically,
degenerative changes in the vertebra, intervertebral disc or
facet joints diminish available space for the neural and vas-
cular elements in the lumbar spinal canal. Neurologic symp-
toms emerge when the narrowing finally impinges on the spi-
nal cord or nerve roots [6].

There are many conservative therapies available for patients
with mild stenosis, including epidural steroid injection, local
anesthesia, soft tissue manipulation, exercise, spinal manip-
ulation, use of braces and corsets, as well as pain-relieving
treatments such as heat, ice, electrical stimulation and ultra-
sound [7]. However, patients with DLSS usually get limited re-
lief of symptoms with these conservative approaches because
their disease is of long standing, their compliance with treat-
ment is poor, or they have relatively severe symptoms [8]. As
a result, more and more patients with DLSS are seeking sur-
gical interventions.

The traditional surgery for lumbar spinal stenosis is laminecto-
my, in which multiple structures in the spinal canal, including
the spinous processes, vertebral lamina, ligamentum flavum,
and parts of the facet joints, are removed [9]. Laminectomy is
such invasive that it often results in iatrogenic instability and
other secondary complications, such as infection and failure
of internal fixation [10]. Thus, modified partial decompression
techniques have been attempted, among which, fenestration
is the most popular alternative to laminectomy. The procedure
minimizes vertebral laminae resection with undercutting of the
facetectomy and partial laminectomy, which may preserve ver-
tebral stability and prevent dura adhesion [11].

Recently, minimally invasive techniques for spinal surgery have
been described [12]. Image-guided minimally invasive tech-
niques reportedly can enable physicians to relieve lumbar canal
stenosis through percutaneous decompression of the hyper-
trophic ligamentum flavum [13]. With percutaneous transfo-
raminal endoscopic discectomy (PTED), which requires only lo-
cal anesthesia, patients with DLSS are operated on through a
working cannula to which a camera is attached. Use of PTED
reportedly costs less and results in fewer iatrogenic injuries and
greater patient satisfaction [14,15]. However, more research
is needed to evaluate the efficacy of PTED for management
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of DLSS. In the present study, we aimed to compare the pro-
spective therapeutic and prognostic effects of PTED and fen-
estration decompression in patients with DLSS.

Material and Methods

Participants

This study included 188 patients with DLSS (98 men and
90 women, aged 65 to 85 years) hospitalized in Yangzhou
Hongquan Hospital from April 2015 to May 2019. The inclusion
criteria were: (1) clinical symptoms of neurogenic intermittent
claudication; (2) diagnosis of DLSS with imaging; (3) ineffec-
tiveness of conservative treatment for more than 3 months.
The exclusion criteria were: (1) multiple segment lumbar ste-
nosis; (2) narrowing of the vertebral canal or lateral recess; (3)
intervertebral disc calcification; (4) lumbar spondylolisthesis;
(5) lumbar trauma, cancer, severe osteoporosis, or rheumatoid
arthritis and other systematic diseases. Patients were assigned
by random figure table to either the PTED group or the fen-
estration group for decompression treatment. All participants
provided written informed consent. This study was designed
in accordance with the Declaration of Helsinki and approved
by the Ethics Committee of Yangzhou Hongquan Hospital.

Surgical procedures

The fenestration decompression procedure was performed un-
der general anesthesia with the assistance of a C-arm X-ray
machine. A 3- to 4-cm posterior midline incision, centered over
the lesion level, was made. Then the paravertebral muscles
were split and retracted laterally to the outer edge of the fac-
et joint. Then, in turn, the vertebral facet joints, adjacent lam-
ina margin, and ligamentum flavum were resected.

The PTED procedure was performed under local anesthesia
with the assistance of a C-arm X-ray machine. A puncture was
made 10 to 14 cm from the posterior middle line, along the
superior facet joint and up to Kambin’s triangle of the neuro-
foramen. Kambin’s triangle is a three-dimensional anatomic
right triangle over the dorsolateral intervertebral disk in the
lumbar spine. A guidewire was inserted and a 0.7-cm incision
was made. The dilated duct was located and the trephine
was inserted. Then, the superior articular facet was gradual-
ly drilled to create a working channel. After X-ray confirma-
tion that the working channel was appropriate (Figure 1), the
transforaminal endoscopic surgical system (Joimax GmbH,
Germany) was connected. Dorsal and ventral decompression
of the nerve root was accomplished by removing the hyper-
trophied ligamentum flavum, the inferior part of the superior
facet joint, and the upper and medial margins of the next ver-
tebral pedicle. Decompression was confirmed when the nerve
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Figure 1. Working cannula position shown on an X-ray taken during percutaneous transforaminal endoscopic decompression. The
working cannula was placed in a 65-year-old man.

showed pulsations simultaneous with the patient’s heart rate.
All patients received intravenous injections of flurbiprofen
(50 mg/day) for postoperative analgesia.

Assessment of efficacy

In both groups, data on operative times, amount of blood loss,
and postoperative complications were recorded. All patients
underwent magnetic resonance imaging (MRI) and computed
tomography (CT) scanning the day after surgery. A visual ana-
log scale (VAS) with rankings from 0 (“no pain”) to 10 (“worst
pain possible”), [16], the Japanese Orthopedic Association
(JOA) score [16], and the Oswestry Disability Index (ODI) [17]
were used to evaluate neurological function and pain levels
in the patients preoperatively and 1 week and 3, 6, and 12
months postoperatively. The modified MacNab criteria were
used to assess treatment efficacy 1 year after surgery, at the
last follow-up visit.

Statistical analyses

All data were analyzed using SPSS 21.0 software (IBM Corp.,
Armonk, New York, U.S.A.). A Kolmogorov-Smirnov Goodness-
of-Fit test was used to confirm that the data were normative.
The data were presented as meansstandard deviation, and were
compared using an independent t test. Enumeration data were
analyzed using Fisher’s exact test. A two-way analysis of vari-
ance (ANOVA) test and Tukey’s range test were used for multi-
ple comparisons. Two-tailed P values were chosen to evaluate
significance and P<0.05 was considered statistically significant.

Results

Baseline characteristics

Table 1 shows that there were no significant differences be-
tween the 2 groups in sex, age (73.02+5.23 vs. 74.46+6.01),
duration of symptoms (5.36+0.41 vs. 5.46+0.50), body mass
index (BMI) (23.75+3.67 vs. 24.01+3.58), or level of stenosis
(all P>0.05). These data confirm that the 2 groups had similar
baseline characteristics.

Clinical outcomes

All procedures in both groups were conducted successfully by
the same surgical team. Compared with the fenestration group,
the PTED group had significantly shorter incisions (3.57+0.75
vs. 0.82+0.32), less blood loss (115.32+11.46 vs. 49.63+5.86)
and shorter hospital stays (2.55+0.71 vs. 4.62+0.83) (P<0.05).
In the fenestration group, postoperative complications were 1
case of transient sensory disturbance and 2 cases of tempo-
rary pain aggravation, whereas the PTED group had 3 postop-
erative complications. No infections, thrombophlebitis, or cas-
es of cauda equina syndrome or respiratory injury were seen
in either group and the rate of mortality was 0%, as shown in
Table 2. These indexes indicated the superiority of PTED when
compared with fenestration decompression.

Imaging results

All patients underwent CT scanning and MRI 1 day before and
1 day after surgery. The images from a representative patient
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Table 1. Patient demographics in the fenestration and PTED groups.
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Characteristic Fenestration (n=94) PTED (n=94)
Age 73.02+5.23 74.4616.01 0.081

CSex o770
"""" Female 44 @681%) 46 (4894%)
"""" Male 50 (5319%) 48 (5106%)

 Duration of symptoms (years) 5361041 s46:050 0136
ewt 2375:367 2401358 0624
CStenosislevel 0725
"""" 34 13.(38% 17 180%)
"""" l4-ts 50 (5319%) 47 (5000%)

"""" lsst 31 (3298%) 30 (L91%)

CComorbid disease (/%)
"""" Hypertension 54 (57.45%) 58 (6L70%)
"""" Diabetes 26 (7.66%) 29 (3085%)
"""" Heartdisease 23 (447%) 18 (19.15%%)
"""" Cerebrovascular infarction 13 (1383%) 15 (1596%)
"""" Respiratory disease 9 (957%) 11 1L70%)
"""" Renal/ureteral disease 4 @426%) 4 (426%)
"""" Peripheral vascular disease 5 (532%) 6 (638%)
"""" Neoplasia 4 @26%) 1.(0%
"""" Anxiety neurosis 2 13%) 1@

PTED — percutaneous transforaminal endoscopic decompression; BMI
Fisher’s exact test; the rest of the data were compared using a t test.

Table 2. General clinical results in the fenestration and PTED groups.

Fenestration (n=94)

Clinical

— body mass index. Sex and stenosis level were compared using

PTED (n=94)

Incision length (cm) 3.57+0.75 0.82+0.32 <0.001
CBloodloss (m)  11532:1146 10634586 @oo1
Operative time (min) 6632:1532 687541156 0085
Hospitalstay (days) 2s5:071 - a62:083 woo1
Complicationrate 3 62% 3 6% >1000

PTED — percutaneous transforaminal endoscopic decompression. All data were compared using a t test.

in the PTED group are described below. Before surgery, this
patient had hyperplasia of the vertebral margins and lumbar
degenerative changes. The lumbar physiology was curved. The
L4-L5 disc bulged out, pressing the dural sac. Vertebral ca-
nal stenosis and hypertrophied ligamentum flavum were also
seen at the L4-L5 level (Figure 2A-2D). After PTED, all of the
patient’s lumbar segments became normal and although the
physiological curvature was still present, the compression was
gone (Figure 3A-3D).
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During PTED, nerve root congestion was observed. Removal
of the hypertrophied ligamentum flavum relieved the com-
pression (Figure 4).

VAS, 0ODI, and JOA scores

Both groups had significant improvements in postoperative
VAS and ODI scores compared with their preoperative status-
es. Of note, compared with the fenestration group, the PTED
group had better VAS, ODI, and JOA scores at 3 and 6 months
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Figure 2. Preoperative computed tomography (CT) scan and magnetic resonance image (MRI) of a 65-year-old man with degenerative
lumbar spinal stenosis. Preoperative CT (A, B) and MRI (C, D) showed vertebral canal stenosis and hypertrophied ligamentum
flavum at the L4/L5 level (red arrowhead).

postoperatively (P<0.01) (Figure 5A-5C). During the last follow-
up visit, similar surgical outcomes were found in the 2 groups,
based on McNab’s criteria (P>0.05) (Figure 5D). In addition, data
were analyzed using repeated measurement of ANOVA. First,
a Mauchly’s Test of Sphericity was performed and the P val-
ue was corrected for deviations using the Greenhouse-Geisser
method. The results of the two-way ANOVA showed that the
main outcomes of the operation mode were significant, but
their interaction was not significant (Table 3).

Discussion

Patients with DLSS were treated with fenestration decom-
pression or PTED to relieve their symptoms and then were fol-
lowed for 1 year after the procedures. Figure 6 shows a flow-
chart of the present study. To the best of our knowledge, this
is only the second report of outcomes with PTED for manage-
ment of DLSS [8]. The results we have described showed that
PTED was associated with less blood loss, shorter incisions,
and shorter hospital stays than fenestration. The postoperative

advantages of PTED that we observed are in keeping with
other reports [16,18]. For elderly patients, a minimally inva-
sive technique for DLSS that results in fewer iatrogenic inju-
ries may result in faster recovery and easer rehabilitation [19].
Shorter hospital stays may be linked with lower risks of hos-
pital-acquired infections, particularly in elderly patients who
have weak immune systems [20]. With the increase of age, as
is well known, incidence of DLSS, severity of relevant symp-
toms, and risks associated with anesthesia increase; therefore,
the ability to perform PTED with only local anesthesia makes
the procedure attractive.

Although postoperative clinical outcomes at 12 months were
comparable between the 2 groups, we did note better improve-
ment in 3- and 6-month VAS, ODI, and JOA scores in patients
who underwent PTED than those in patients who underwent
fenestration decompression. The prognosis after PTED appeared
to be better over the short term than over the longer term. One
possible explanation for this phenomenon is that body phys-
iological functions were restored more quickly in patients in
the PTED group than those in the fenestration group because
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Figure 3. Postoperative computed tomography (CT) scan and magnetic resonance image (MRI) taken during percutaneous
transforaminal endoscopic decompression in a 65-year-old man with degenerative lumbar spinal stenosis. Compression is
absent (red arrowhead) on the postoperative CT scans (A, B) and MRIs (C, D).

Figure 4. Images of the nerve root during percutaneous transforaminal endoscopic decompression in a 65-year-old man. The
compression of the nerve root was relieved by removing the hypertrophied ligamentum flavum.

surgery resulted in less damage. Consistent with this, a previ-
ous study showed that PTED was associated with better postop-
erative ODI scores and shorter procedures and hospitalizations
than fenestration discectomy for treatment of lumbar disc her-
niation [21]. Biportal endoscopic spinal surgery (BESS) unilateral
laminotomy bilateral decompression (ULBD) also is associated
with hospital stays similar to those with microscopic ULBD [22].

The present study has some limitations. First, all of the pa-
tients were treated at a single center, which limits the sample
size and resulted in a non-representative profile of research
participants. Secondly, it took 4 years to recruit 188 partici-
pants, which may lead to potential heterogeneity in the pro-
cedures that the individual patients underwent, because bi-
ases may have arisen from time-dependent improvements in
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Figure 5. Comparison of postoperative treatment effects. (A) Visual analog scale, (B) Japanese Orthopedic Association Score, and
(€) Oswestry Disability Index were assessed in the percutaneous transforaminal endoscopic decompression and fenestration
groups preoperatively and postoperatively (1 week and 3, 6, and 12 months after treatment). (D) At the last follow-up visit
(12 months after surgery), the modified Macnab criteria were applied to evaluate treatment effects. Data were analyzed
using two-way ANOVA, followed by Tukey’s multiple comparisons test. ** P<0.01.

the equipment used and the skills of our surgical team. Thirdly, disease indexes, or socioeconomic factors or to perform ex-
individual differences in patients may be a very important tra subgroup analyses. In the future, we plan to explore the
factor to consider when studying senescence-related condi- performance of PTED for DLSS with better-designed trials and
tions. Unfortunately, in the present study, it was difficult for larger samples. Last but not least, the data we presented only
us to pair participants based on demographic characteristics, reflect 1-year prognosis, which is a relatively short period. We
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Figure 6. Flowchart of the present study.
Participants were enrolled in the One hundred eighty-eight
study patients met the eligibility criteria
_ for degenerative lumbar spine
I::iltuesrli(;n stenosis and were assigned by
random figure table to either
Fenestration group v PTED group the percutaneous transforaminal

(Male 50, Female 44) (Male4 8, Female 46) endoscopic decompression group
l or the fenestration group. Incision

Fenestration Percutaneous length, amount of intraoperative
decompression transforaminal blood loss, length of procedure and
treatment endoscopic hospitalization, and complication

treatment .
Collectand rates in the 2 groups were compared.
organize data <—| In addition, computed tomography
scanning and magnetic resonance
imaging were performed. Finally,

¢ scores from a visual analog scale,
the Japanese Orthopedic Association

v VAS, JOA and ODI s

d(tT a?? r;/lnrél r I:Surgica:ll data scores before Score, and the Oswestry Disability
a asopinue a operation, one Index were collected before and
week, 2,months at 3, 6, and 12 months after the

and 12 months

after operation procedures. The modified Macnab

v criteria were applied to assess patient

Analysis data [« satisfaction at the last follow-up,
1 year after the procedures, and

- the data were analyzed to draw a
conclusion.

Table 3. Results of two-way ANOVA. are continuing to follow the patients in the present study and
more indicators will be observed.
Variable Source of variation F P
Operation mode 5.346 0.027* l
"""""""""""""""""""""""""""""""""""""" Conclusions
VAS of Time 3017 0.040
low back T T
777777777777777777777777777 Operation modextime  1.302 0254 In summary, our findings indicate that both fenestration and
Operation mode 6.346 0.016* PTED are safe for management of DLSS, but the latter proce-
VAS of leg Time - e ST dure has better short-term clinical effects. Because normalizing

—————————————————————————————————————————————————————————————————————— use of PTED in clinical practice could be beneficial for elderly
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, patients, more studies of it should be carried out to further as-
Operation mode 2.808 0.033* sess the safety and curative effects of the procedure for DLSS.

"""""""""""""""""""""""""""""""""""""""""" Conflict of interest

Operation mode 4.863 0.034* None.

Operation modextime  0.335 0.891

ANOVA - analysis of variance; VAS — visual analog scale;
ODI — Oswestry Disability Index; JOA — Japanese Orthopedic
Association.
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