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Abstract 

Purpose Various lumbar decompression techniques have been used for the treatment of degenerative lumbar 
spondylolisthesis (DLS). Few studies have compared the clinical efficacy of percutaneous transforaminal endoscopic 
decompression (PTED) and minimally invasive transforaminal lumbar interbody fusion (MIS-TLIF) in the treatment of 
lateral recess stenosis associated with DLS (LRS-DLS) in geriatric patients. The objective of the study was to compare 
the safety and short-term clinical efficacy of 270-degree PTED under local anesthesia and MIS-TLIF in the treatment of 
LRS-DLS in Chinese geriatric patients over 60 years old.

Materials and methods From January 2017 to August 2019, the data of 90 consecutive geriatric patients with 
single-level L4-5 LRS-DLS were retrospectively reviewed, including those in the PTED group (n = 44) and MIS-TLIF 
group (n = 46). The patients were followed up for at least 1 year. Patient demographics and perioperative outcomes 
were reviewed before and after surgery. The Oswestry Disability Index (ODI), visual analog scale (VAS) for leg pain, and 
modified MacNab criteria were used to evaluate the clinical outcomes. X-ray examinations were performed 1 year 
after surgery to assess the progression of spondylolisthesis in the PTED group and bone fusion in the MIS-TLIF group.

Results The mean patient ages in the PTED and MIS-TLIF groups were 70.3 years and 68.6 years, respectively. Both the 
PTED and MIS-TLIF groups demonstrated significant improvements in the VAS score for leg pain and ODI score, and 
no significant differences were found between the groups at any time point (P > 0.05). Although the good-to-excel-
lent rate of the modified MacNab criteria in the PTED group was similar to that in the MIS-TLIF group (90.9% vs. 91.3%, 
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P > 0.05), PTED was advantageous in terms of the operative time, estimated blood loss, incision length, drainage time, 
drainage volume, length of hospital stay, and complications.

Conclusions Both PTED and MIS-TLIF led to favorable outcomes in geriatric patients with LRS-DLS. In addition, PTED 
caused less severe trauma and fewer complications. In terms of perioperative quality-of-life and clinical outcomes, 
PTED could supplement MIS-TLIF in geriatric patients with LRS-DLS.

Keywords Degenerative lumbar spondylolisthesis, Lateral recess stenosis, Percutaneous transforaminal endoscopic 
decompression, Minimally invasive transforaminal lumbar interbody fusion, Geriatric

Introduction
Degenerative lumbar spondylolisthesis (DLS), also 
known as “low-grade rigid” spondylolisthesis, is the for-
ward translation of a vertebral body with respect to the 
inferior vertebral body [1]. Patients may present with 
back pain, radicular leg pain, and pseudoclaudication. It 
is generally believed that if conservative treatment fails, 
then surgical treatment should be considered [2]. Hith-
erto, there has been a continuing debate on the treatment 
for LSS with DLS [3]. Both decompression alone and 
decompression with fusion have been used to treat LSS 
with DLS, especially in recent years [4]. Some research-
ers [5] have concluded that for the quality of life of indi-
viduals with DLS, the addition of interbody fusion leads 
to greater improvement than decompression alone. Oth-
ers [6, 7] have suggested that the addition of fusion is not 
more beneficial in patients with DLS. All of above trials, 
which compare decompression alone and decompression 
with fusion, show that the choice of fusion or non-fusion 
surgery technique for the treatment of patients with LSS 
with DLS is still controversial.

The conventional open decompression alone surgery 
destroys paravertebral soft tissues, which may cause iat-
rogenic lumbar instability, so the fusion may need to be 
added. Minimally invasive (MIS) decompression surgery, 
especially endoscopic spinal decompression surgery, has 
gained increased focus in the spinal community with 
the notion of preserving muscular structures as basic 
elements for the spine and daily motions. From this 
perspective, minimally invasive (MIS) decompression 
surgery, especially endoscopic spinal decompression sur-
gery, is becoming increasingly popular, especially in Asia 
[8].

Percutaneous endoscopic lumbar decompression 
(PELD), mainly including percutaneous transforami-
nal endoscopic decompression (PTED) and percutane-
ous interlaminar endoscopic decompression (PIED), is 
favored by patients with degenerative disc disease (DDD) 
worldwide [9, 10]. Compared with open surgery, PTED 
has unique advantages: less trauma, a faster recovery, 
lower costs, a lower rate of anesthesia-related morbidi-
ties, a lower incidence of internal fixation-related com-
plications, and a higher percentage of satisfied patients 

[11, 12]. PTED has little impact on the progression of 
slippage, as spontaneous fusion can occur in geriatric 
patients during the natural course of DLS, and PTED 
does not damage biomechanical structures, especially the 
posterior ligament complex (PLC) [13, 14].

Surgeons [15] have demonstrated that the PIED tech-
nique has favorable clinical efficacy for patients with 
lumbar spinal stenosis and DLS; the technique resolves 
unilateral neurogenic claudication or radiculopathy. 
Salimi [16] have demonstrated that the effectiveness and 
radiological changes after minimally invasive lumbar 
decompression surgery alone observed in patients with 
DLS were not inferior to those of patients with LSS with-
out a deformity. However, few studies have compared the 
effects of PTED and MIS-TLIF on LRS-DLS in geriatric 
patients. This study retrospectively analyzed the data of 
geriatric patients treated with minimally invasive PTED 
and traditional MIS-TLIF for LRS-DLS in our hospital 
to (1) compare the clinical outcomes of PTED and MIS-
TLIF surgery in these patients; (2) determine the effects 
of PTED surgery on the stability of LRS-DLS; and (3) 
report the surgical techniques and perioperative compli-
cations of PTED surgery for LRS-DLS.

Methods
Demographic characteristics
We performed a retrospective review of geriatric patients 
who underwent PTED and MIS-TLIF from January 2017 
to August 2019 by a single surgeon after the diagno-
sis of L4–L5 LRS-DLS. The study was approved by the 
institutional review board. Because this study reviewed 
preexisting data, the requirement for informed consent 
was waived. The inclusion criteria were as follows: (1) 
unilateral radicular leg pain or intermittent neurologi-
cal claudication due to low-grade (I–II) L4–L5 LRS-DLS 
on X-ray, CT, and MRI; (2) the absence of improvement 
after conservative treatment for at least 3 months; and 
(3) 60  years of age or older. The exclusion criteria were 
as follows: (1) clinical instability symptoms (mainly 
back pain symptoms) or radiological instability on X-ray 
(> 3  mm dynamic sagittal translation); (2) prior lumbar 
surgery; and (3) tumor, infection, or trauma. The demo-
graphic characteristics and perioperative outcomes were 
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reviewed. An independent surgeon evaluated the modi-
fied MacNab criteria and VAS and ODI scores. X-ray 
examinations were performed 1 year after surgery to 
assess the progression of spondylolisthesis in the PTED 
group and bone fusion in the MIS-TLIF group [17].

Surgical procedures
For the PTED group, the surgical procedure (based on 
the L4–L5 segment of DLS) was performed following 
methods reported in the literature [18]. The following 
steps were performed: (1) part of the superior articu-
lar process (SAP) of L5 was removed. A soft pillow was 
placed under the patients’ waist, while the patient was 
in the lateral decubitus position with their knee and 
hip flexed. The incision was located 8–12  cm from the 
midline horizontally and 1–3  cm above the iliac on the 
side with leg pain. The mixed local anesthetic, which 

consisted of 30  mL 1:200,000 epinephrine and 20  mL 
2% lidocaine, was only used in PTED group. After 5 mL 
of the mixed anesthetic was inserted into the skin at 
the entry point, 20  mL was inserted into the trajec-
tory, 15 mL was inserted into the articular process, and 
10 mL was inserted into the foramen. Then, 0.8–1.0 cm 
of skin and the subcutaneous fascia were incised. Drills 
were used to resect the ventral osteophytes on the SAP. 
The PTED system (Hoogland Spine Products, Germany) 
was inserted (Fig. 1). (2) Parts of the ipsilateral ligamen-
tum flavum, perineural scar, and extruded lumbar disc 
material were completely resected with endoscopic for-
ceps (Fig. 2). (3) The superior endplate of the L5 vertebral 
body was removed by endoscopic micro punches and a 
bone knife. Therefore, 270-degree decompression of the 
traversing nerve root was achieved (Fig. 3). The drainage 
tube was placed after hemostasis was reached.

Fig. 1 Fluoroscopic views. A, B The drill was inserted to resect the LF and the ventral osteophytes on the SAP. C, D The working cannula was placed

Fig. 2 Endoscopic views. A Endoscopic view of the hypertrophic posterior longitudinal ligament, extruded disc material, and perineural scar. B–G 
After the endoscopic instruments were used to carefully remove the vertebral body, ventral decompression of the traversing nerve root (L5) was 
completed. H The dura mater was torn
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For the MIS-TLIF group, the surgical procedure was 
performed in accordance with methods reported in 
the literature [19]. After successful general anesthe-
sia with tracheal intubation, the patient was placed in a 
prone position with chest and hip pads, and the L4–L5 
intervertebral space was marked with X-ray fluoros-
copy. The skin and subcutaneous fascia were cut; a 
trans-muscular surgical corridor was created with two 
micro-laminectomy retractors docking on the facet joint 
complex. After exposing the bony structure, part of the 
lamina and inferior articular process of L4 and the upper 
L5 articular process were removed with the rongeur on 
the ipsilateral side, and the hypertrophic ligamentum fla-
vum was peeled backward. If MRI showed contralateral 
lateral recess stenosis, then predecompression was per-
formed on the contralateral side. After decompression on 
the dorsal side, the nucleus pulposus and endplate car-
tilage were removed with forceps. An appropriate cage 
(Medtronic) filled with autograft from laminectomy was 
placed in the center of the intervertebral space via the 
Kambin’s triangle area. After adequate hemostasis was 
achieved, two drainage tubes were placed and removed 
when the drainage volume was < 50 mL/d.

Postoperatively, patients was treated with oral non-
steroidal anti-inflammatory drugs and antibiotics for 
3 days. All patients were encouraged to perform straight 
leg raising 1  day postoperatively, and moderate off-bed 
activity with a brace 2–3  days postoperatively. On the 

third postoperative day, patients were allowed to go 
home if their lower extremity pain symptoms were effec-
tively relieved with no evidence of infection. The patient 
demographics and perioperative outcomes were com-
pared. The VAS score, ODI, and modified Macnab crite-
ria were used to evaluate the clinical outcomes [20].

3Statistical analysis
The SPSS 25 program (IBM Corporation, USA) was used 
to perform statistical analysis. Repeated-measures anal-
ysis of variance was used to compare the VAS and ODI 
scores between the two groups. The independent-sam-
ples t test and Mann–Whitney U test or Fisher’s exact 
test were used to assess the demographic characteristics 
and the perioperative outcomes. The level of statistical 
significance was set at P < 0.05.

Results
Demographic characteristics and perioperative outcomes
Of the 90 patients who met the study inclusion crite-
ria, 44 underwent PTED and 46 underwent MIS-TLIF. 
The baseline parameters are given in Table 1. The surgi-
cal parameters, including the operative time, blood loss, 
incision length, drainage time, drainage volume, length of 
hospital stay and number of complications, are shown in 
Table 2. The perioperative outcomes in the patients who 
underwent PTED were remarkably better than in those 
who underwent MIS-TLIF.

Fig. 3 Illustrations of the 270-degree PTED. A, B Specific pathologic features of LRS-DLS. C, D Final view of the nerve 270-degree decompression 
status and the restoration of the lateral recess

Table 1 Preoperative demographic characteristics

Characteristics PTED Group (n = 44) MIS-TLIF Group (n = 46) P Value

Age (years) 70.3 ± 7.5 68.6 ± 6.0 0.250

Sex (male/female) 11/33 13/33 0.727

Duration of symptoms (months) 29.75 ± 31.32 27.09 ± 29.17 0.677

Comorbidities (yes/no) 11/33 12/34 0.906

Side (right/left) 21/23 24/22 0.673

Slippage grade (I/II) 29/15 29/17 0.776
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Clinical results
Preoperatively, the mean VAS and ODI scores were simi-
lar between the two groups (7.32 ± 1.07 vs. 7.41 ± 1.05, 
P > 0.05; 65.32 ± 9.29 vs. 66.65 ± 9.23, P > 0.05). At 
12  months, we observed similar improvements in the 
mean VAS score for leg pain and ODI score in the PTED 
and TLIF groups (Fig.  4). Moreover, there were no dif-
ferences between the groups at any follow-up time point 
(P > 0.05). Based on the modified MacNab criteria, the 
good-to-excellent rate was 90.9% (40/44) in the PTED 
group and 91.3% (42/46) in the MIS-TLIF group at the 
final follow-up. During the 1-year follow-up in the PTED 
group, the Meyerding grade of spondylolisthesis changed 
from grade I to grade II in one case, but the clinical effect 
was satisfactory.

Complications
A total of three patients in the PTED group had perio-
perative complications. One patient had weakened 
ankle extensor muscle strength during drilling and was 
given nutrients for nerves and drugs for dehydration. 
The level of muscle strength had returned to normal 1 
month after surgery. In one patient, when the superior 
endplate of the L5 vertebral body was removed with the 
endoscopic bone knife and micro punches, the extent of 

visual field bleeding was severe. The dura mater was torn 
when the radiofrequency electrocoagulation was used 
to stop the bleeding (Fig.  2). The patient complained of 
neck pain, and the heart rate increased, so the opera-
tion was suspended. The process was continued after the 
neck pain disappeared. The neck pain recurred within a 
short period, and the patient returned to the ward after 
his condition stabilized. The patient was instructed to 
lie supine, and 120 mL of pink liquid was drained within 
24  h after surgery. When 50  mL of clear liquid was 
drained within 72  h postoperatively, the drainage tube 
was removed. One patient had unsatisfactory relief, and 
nerve function returned to normal after the reoperation. 
No incision infections, cardiovascular or cerebrovascular 
accidents or other complications occurred.

Complications occurred in 6 patients in the MIS-TLIF 
group. One patient developed an epidural hematoma 
after the operation. The function of the lower limbs, stool 
and urination decreased progressively after the proce-
dure. The epidura hematoma was removed by emer-
gency surgery after MRI. Two patients had postoperative 
wound infections, one of whom had postoperative hypo-
static pneumonia. The incision healed after debridement 
and sensitive antibiotics. In one patient, the dura mater 
was torn during lamina removal, and the dural sac was 
sutured under a microscope. There was no cerebrospi-
nal fluid leakage after the operation. One patient had a 
cerebrovascular incident and cerebrovascular interven-
tional treatment; the patient’s condition improved with-
out severe sequelae. Only one patient did not exhibit 
intervertebral fusion by the 1-year follow-up, but the 
patient’s lower extremity symptoms were relieved satis-
factorily, no reoperation was performed. There were no 
reports of other postoperative complications during the 
follow-up.

Discussion
Based on the anatomic and clinical manifestations, 
DLS can be divided into three categories [21]. One cat-
egory includes cases whose back pain is accompanied 
with lumbar instability. The leading cause of this patho-
logic disorder is the degeneration of intervertebral discs 
and facet joints. Back pain does not progress beyond 
the back and the knee joint. Another category includes 
cases in which intermittent claudication with central 
spinal stenosis. Intermittent claudication is caused by 
cauda equina nerve ischemia after overactivity. The last 
category, lateral recess stenosis of the DLS (LRS-DLS), 
which is the subject of this research, mainly manifests as 
radiculopathy [22]. Such cases are mainly caused by ste-
nosis of the lateral recess and intervertebral foramina, 
which compress the L5 nerve root (Fig.  3). The LF on 
the dorsal side of the nerve root, the lateral hypertrophic 

Table 2 Perioperative outcomes

Characteristics PTED (n = 44) MIS-TLIF (n = 46) P Value

Duration of surgery 
(minutes)

71.36 ± 14.72 128.02 ± 19.02 0.00

Estimated blood loss (ml) 12.2 ± 5.37 361.96 ± 168.39 0.00

Incision length (cm) 1.14 ± 0.24 8.39 ± 0.98 0.00

drainage time (d) 1.05 ± 0.21 4.89 ± 1.12 0.00

Drainage volume (ml) 26.27 ± 30.40 563.59 ± 148.21 0.00

Hospital stay (day) 5.54 ± 1.58 12.02 ± 4.92 0.00

Complications (yes/no) 3/41 6/40 0.527

Interbody fusion (yes/no) – 45/1 –

Slippage grade (I/II) 28/16 – –

Fig. 4 Clinical outcomes at different follow-up time points. A VAS 
score for leg pain in both groups. B ODI score for both groups
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SAP, the ventral intervertebral disc, the protruding pos-
terior disc and posterior longitudinal ligament, and par-
ticularly, the superior endplate of the L5 vertebral body, 
which are magnified in the presence of degenerative slip, 
work together to compress the traversing nerve root (L5) 
[23]. In this retrospective research, we tested the hypoth-
esis that the effectiveness of 270-degree PTED under 
local anesthesia is noninferior to MIS-TLIF in geriatric 
patients with LRS-DLS regarding the VAS score, ODI 
score and modified MacNab criteria. Furthermore, PTED 
was expected to be advantageous in terms of morbidities 
and the extent of trauma.

Most experts believe that surgical intervention can 
be used if nonsurgical treatment fails after 3–6  months 
[24]. The purposes of conventional open lumbar spinal 
surgery include decompression of the nerve roots and 
deformity correction. Traditional open surgery includes 
laminectomy with or without interbody fusion. Karsy 
[25] believed that compared with conservative treatment, 
laminectomy leads to better lower limb function and bet-
ter cost-effectiveness ratio. Some researchers [26] believe 
that decompression surgery alone can not only reduce the 
cost of treatment but also shorten the operation and hos-
pitalization times, while the effect is equivalent to fusion 
surgery. However, other researchers have confirmed that 
laminectomy and the destruction of articular processes 
by more than 50% can cause iatrogenic destabilization, 
which leads to reoperation [27]. Although fusion surgery 
overcomes the disadvantages of laminectomy and has 

demonstrated favorable results, fusion is time-consuming 
and is associated with a risk of nerve root damage [28].

For geriatric DLS patients, especially with comorbidi-
ties, the probability of perioperative accidents may be 
high and a simplified spinal surgery protocol is expected. 
For elderly patients with osteoporosis, complications 
such as compression fractures of the adjacent verte-
bral body, loosening of internal nails, adjacent segment 
disease may occur. The additional presence of diabetes 
or poor nutritional status can lead to delayed incision 
healing. For patients with severe respiratory diseases 
and patients who cannot tolerate general anesthesia, 
traditional open surgery may not be suitable. There-
fore, surgeons have considered whether there is an ideal 
microinvasive surgery to resolve the symptoms of DLS 
in elderly patients without destroying the stability of the 
spine [29, 30].

PTED is less invasive than minimally invasive decom-
pression for geriatric patients with degenerative spinal 
disease [31]. Some studies used PTED to treat DLS with 
unilateral radicular symptoms and demonstrated positive 
clinical results, but the comparison with MIS-TLIF has 
not been reported [32]. For complete decompression of 
the nerve root, surgeons use a bone drill to abrade part 
of the articular process to expand the intervertebral fora-
men and use a microscopic bone knife, the microscopic 
drill and nucleus forceps to remove the bone of the 
superior endplate of the L5 vertebral body (Fig. 5). Both 
ends of the lateral recess stenosis should be thoroughly 

Fig. 5 Pre- and postoperative CT and MRI. A–D The superior endplate of L5 before surgery and lateral recess stenosis. E, F The protruded vertebral 
bone was removed, and the original spinal canal shape was restored. The ventral and dorsal edges of the spinal canal became smooth and 
continuous. G, H The lateral recess was enlarged
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explored to expand the area of lateral recess stenosis. The 
operation does not cause severe damage to the ligament 
complex behind the L4–L5 vertebral bodies, and the facet 
joint is not resected excessively. Studies have shown that 
the natural course of DLS tends to be stable [33]. Besides, 
for geriatric patients, the main etiology of lateral recess 
stenosis associated with L4–L5 degenerative lumbar 
spondylolisthesis is nerve root compression by tissues 
such as the superior endplate of the L5 vertebral body, 
which can be decompressed using percutaneous transfo-
raminal endoscopic decompression and can relieve pain 
in patients. The destruction of the articular processes is 
minimal in PTED, so the operation does not lead to obvi-
ous iatrogenic destabilization theoretically, thus avoiding 
fusion surgery.

During the 1-year follow-up in the PTED group, the 
Meyerding grade of spondylolisthesis changed from 
grade I to grade II in one case, but the clinical effect was 
satisfactory. For surgeons and most elderly patients with 
DLS, the only use of local anesthesia is ideal [34]. If the 
surgical equipment stimulates the nerve root during the 
operation, the awake patient will experience abnormal 
sensation, and the surgeon can stop the process timely. 
The local anesthesia reduces the occurrence of complica-
tions related to general anesthesia in elderly patients. The 
patient can be asked whether he or she subjectively feels 
the symptoms have been alleviated, and the straight-leg 
elevation test can be performed; these responses can be 
used to determine whether the operation should be ter-
minated (e.g., a negative straight-leg elevation test result). 
Due to the long-term oral administration of anticoagu-
lants, the extent of intraoperative visual field bleeding 
was severe in some patients. After lidocaine combined 
with epinephrine hydrochloride solution was adminis-
tered, the visual field was clearer without obvious drug-
related complications. The water pressure of the lavage 
fluid can also be appropriately reduced, theoretically 
reducing the incidence of spinal hypertension reactions 
[35].

Six patients in the MIS-TLIF group had complications, 
which may be related to the operation itself.

Three patients in the PTED group had complications. 
The findings were as follows: one patient’s ankle dorsi 
extensor strength decreased when drilling in the foramen 
was performed; after functional exercises, the level of 
muscle strength gradually returned to normal. For geri-
atric patients with DLS, severe intervertebral disc degen-
eration, reduced intervertebral space height, and severe 
articular process hyperplasia lead to a reduction in the 
Kambin’s triangle area. When the bone drill is grinding 
the upper articular of L5, the bone drill angle must be 
adjusted, which can lead to L4 nerve root injury. To avoid 
L4 nerve root injury, the head angle of the bone drill 

should be restricted, and the patient’s response should be 
observed to ensure that the working channel is accurately 
established. If the strength of the ankle dorsiflexor mus-
cles decreases, the drill should be withdrawn timely.

One patient had a spinal hypertension reaction during 
the operation [36]. Spinal hypertension reactions have 
various manifestations, including neck pain, tinnitus, 
visual impairment, epilepsy, increased blood pressure, 
an increased heart rate, limb sensation and movement 
disorders, and perineal foreign body sensation. We spec-
ulate that, due to the patient’s long-term use of antico-
agulant drugs, the extent of bleeding was severe during 
the surgical removal of the upper edge of the L5 vertebral 
body. The visual field was not clear, and the dural sac was 
cut by the device. To ensure a clear view, the irrigation 
pressure was increased. Then, the fluid entered the spi-
nal canal along with the torn dura mater and mixed with 
the cerebrospinal fluid, resulting in an acute increase in 
pressure within the spinal cord. To avoid this phenom-
enon, the following points should be considered: during 
the operation, the head of the patient should be elevated; 
the water irrigation pressure should not be too high; to 
ensure safety, the operation time should be as short as 
possible; and the use of local anesthetics and adrenal 
hydrochloride may reduce bleeding in the visual field and 
reduce the pressure of the lavage fluid.

One patient did not exhibit significant relief of radiat-
ing pain in the left lower extremity after the operation. 
After reviewing the intraoperative fluoroscopy results, we 
found that the cannula did not reach the midline of the 
spine channel, and we failed to completely remove the 
bone of the posterior upper edge of the L5 vertebral body 
which compressed the nerve root. After the second oper-
ation, the patient’s symptoms were relieved satisfactorily. 
Therefore, during the operation, the channel should be 
established as accurately as possible to avoid reducing 
the space for the operation under the microscope and 
increasing the difficulty of complete decompression.

The study has some limitations: (1) Because the inclu-
sion criteria for this research were strict, the number of 
patients included was relatively small. (2) Long-term 
follow-up data are needed, as both PTED and MIS-TLIF 
show good short-term results. (3) The cross-sectional 
area of the lateral recess was not measured, as we attrib-
uted the relief of uniliteral leg symptoms to the enlarge-
ment of the lateral recess.

Conclusion
Both PTED and MIS-TLIF showed favorable outcomes 
for the treatment of single-level LRS-DLS in geriat-
ric patients. In terms of the clinical results and perio-
perative quality of life, 270-degree PTED under local 
anesthesia can be considered an effective supplement 
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to MIS-TLIF for select geriatric patients. However, 
prospective randomized controlled trials (RCTs) with 
larger sample sizes and longer follow-up periods are 
required in the future.
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