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Abstract: Objective: To evaluate the clinical efficacy percutaneous transforaminal endoscopic TESSYS technique in
the treatment of senile lumbar spinal stenosis. Methods: 157 senile with lumbar spinal stenosis were prospectively
recruited at this study. The subjects in the experimental group received TESSYS operation, and the control group
received traditional open surgery for posterior lumbar interbody fusion. The clinical pain relief, indexes of periop-
erative period, dysfunction of the lumbar spine and clinical effect of the two groups were measured. Results: The
operation time of experimental group was (53.32+10.27) min, average blood loss in operation was (50.01+5.74)
ml, and length of hospitalization was (6.73+3.21) d, which were all better than the control group (97.46+13.47) min,
(172.2348.61) ml, (13.94+2.15) d, with statistical significance (P < 0.05). The VAS scores at one day, one week,
1 month and 3 months were significantly lower than those before operation (P < 0.05). The VAS scores of the two
groups were significantly lower than those of the open surgery group (P < 0.05). ODI scores of patients were signifi-
cantly lower than those before operation (P < 0.05). The MACNAB scores of the two groups were significantly lower
than those of the open surgery group (P < 0.05). Conclusion: Percutaneous transforaminal TESSYS technique is a
safe and minimally invasive technique for the treatment of lumbar spinal stenosis in the elderly. Compared with tra-
ditional open surgery for posterior lumbar interbody fusion, percutaneous transforaminal endoscopic TESSYS tech-
nique has less trauma and does not damage the stability of the spine. It can significantly shorten the hospitalization
and operation time, reduce intraoperative fluoroscopy and blood loss, reduce the degree of pain and postoperative
complications, and quickly restore daily life function. and thus an effective and more advantageous scheme for the
treatment of elderly lumbar spinal stenosis.
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Introduction osteophyte formation, which lead to complex
complications [3]. Lumbar spinal canal stenosis
can occur in the central spinal canal, lateral

recess or intervertebral foramen, The typical

Lumbar spinal canal stenosis (LSS) and nerve
root canal stenosis are chronic degenerative

diseases. Their common causes are ossifica-
tion of posterior longitudinal ligament and lum-
bar disc herniation [1]. The incidence rate of
lumbar spinal stenosis in the elderly is increas-
ing. It has become a common multiple spinal
disease in the elderly [2]. The etiology of lum-
bar spinal canal stenosis is complex. It had
much cause-off factors such as degeneration
of bone and soft tissue, disc herniation, hyper-
trophy of facet and ligamentum flavum, and

symptoms include lumbocrural pain, numbness
or weakness of affected limb and intermittent
claudication [4, 5]. Numbness can extend from
the foot to the lower limbs, thighs, waist and
sacral area. In severe cases, abdominal dis-
comfort, banded feeling, abnormal defecation
and even paraplegia appear. If the treatment is
poor or progressive, surgical intervention is
needed to improve motor function and quality
of life [6].
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Spinal endoscopy is a new minimally invasive
spinal surgery technology, which evolves the
traditional open surgery of discectomy [7]. At
present, the innovative transforaminal endo-
scopic TESSYS technology uses special instru-
ments to expand the intervertebral foramen
[8]. TESSYS technology can extend the space
into the spinal canal, decompress the nerve
root under direct vision, change the previous
indirect decompression into direct decompr-
ession, and it can effectively deal with lateral
recess stenosis and spinal canal stenosis [9].
Percutaneous transforaminal endoscopic TE-
SSYS technique has become a new treatment
method for lumbar spinal canal stenosis. This
study aims to investigate the clinical efficacy
percutaneous transforaminal endoscopic TES-
SYS technique in the treatment of senile lum-
bar spinal stenosis.

Data and methods
Clinical data

157 senile in our hospital from January 2018 to
December 2020 met the inclusion and exclu-
sion criteria and were randomized allocated
into two groups: the Experimental group (n=81
cases) and the control group (n=76 cases). The
researchers explained the operation risks and
postoperative complications to the patients
and their relatives, and informed patients of
anesthesia risks and accidents. The patients
and their families voluntarily signed the infor-
med consent form to participate in this study.
This study was approved and recognized by the
ethics committee of our hospital.

Inclusion and exclusion standard

Inclusive criteria: 1) Age > 65 years; @ The
clinical symptoms of lumbocrural pain, numb-
ness of lower limbs and intermittent claudica-
tion were consistent with that of degenerative
lumbar spinal stenosis indicated by CT or MRI;
(3 The anatomical classification of lumbar spi-
nal canal stenosis is lateral recess stenosis or
intervertebral foramen stenosis; @ There was
no obvious improvement after more than 3
months of conservative treatment; & The sub-
jects were willing to cooperate and implement
the experiment.

Exclusion criteria: O Had a history of mental
illness; @ Lumbar instability and spondylolis-
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thesis; 3 Cauda equina syndrome; @ Had seri-
ous cardiac disorder, severe liver malfunction
or renal failure; ® Coagulation dysfunction; ©
There were multi segmental lumbar spinal ste-
nosis and central spinal stenosis; 7 Unwilling
to participate our research; Allergic to an-
esthetics; @ Severe osteoporosis, metabolic
bone disease, etc; Had a history of lumbar
surgery history, severe adhesion of dural sac
and nerve root, and patients who are not suit-
able for surgery.

Method

The control group: The patient underwent tra-
ditional open surgery for posterior lumbar inter-
body fusion. After tracheal intubation and gen-
eral anesthesia, the patient took the prone
position routinely. Under X-ray fluoroscopy, the
operation segment was confirmed. The opera-
tion mark line was marked with sterile marker
pen. Under fluoroscopy, the pedicle screw was
placed. Under C-arm X-ray fluoroscopy, the
position of the pedicle screw was confirmed to
be good, and the titanium rod 1 with uniform
length was placed on both sides. The posterior
lamina and ligamentum flavum were removed
by bone biting scissors and nucleus pulposus
forceps, and the superior articular process of
the lower vertebral body was removed. The
nucleus pulposus tissue and cartilage endplate
were removed by curette to protect the sub-
dural pressure and release the surrounding
compressed tissue. Then the artificial bone
and the resected spinous process and lami-
na were scraped. X-ray fluoroscopy confirmed
whether the pedicle screw and interbody fusion
cage were in good position. The head and tail
screws were pressurized and locked. Sterile
saline was used to wash the wound. After com-
plete hemostasis, a drainage tube was plac-
ed, and subcutaneous tissue and skin were
sutured.

The experimental group: The subjects were
received TESSYS operation. The patients recei-
ved local anesthesia, and underwent discogra-
phy, used the puncture needle to put the guide
wire into the diseased intervertebral disc, then
withdrew the puncture needle, inserted the
guide wire into the facet of the facet, and with-
drew from the 2nd to 3rd stage. The blue tre-
phine was inserted into the tip of the superior
articular process, and the handle was used to
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Table 1. Comparison of clinical data between the two exercise of lumbar and dorsal muscles

groups and raise their legs at the first day after
Experimental  Control .\, operation.
group (n=81) group (n=76) i
Age (vears) 64.4+256 637+267 325 041 @l
Sex 449 043 Visual analogue scale (VAS) was used to
Male (n%) 39 (48.1%) 37 (48.7%) evaluate the degree of pain before and
Female (n%) 42 (51.9%) 39 (51.3%) after surgery, respectively [10]. The sco-
BMI 22.5+3.16 23.35%2.43 1.39 0.34 re range was 0-10, and the degree of
Smoking 37 (45.7%) 34 (44.7%) 5.16 0.26 pain increased with the increase of the
Operative segment 6.29 0.22 score.
L3~L4 11(13.6%) 8 (10.5%) o
L4~L5 65 (80.2%) 62 (81.6%) Clinical effect
L5~S1 5 (6.2%) 6 (7.9%)

Note: Compared with the control group, significant difference as

P<0.05.

rotate the circular saw clockwise to remove the
hyperplastic bone at the distal facet and the
local superior articular process. Then exit the
ring saw anticlockwise to ensure that the guide
wire remains in place. According to the above
methods, green, yellow and red circular saws
were placed, the position of circular saw was
determined by C-arm fluoroscopy, and the inter-
vertebral foramen was expanded. To adjust the
color effect, the intervertebral foramen mirror
was connected with the light source and cam-
era. Then the intervertebral foramen mirror
was placed into the channel to regulate the
water flow and pressure, and the blue stained
nucleus pulposus tissue was removed through
the nucleus pulposus forceps to expose the
nerve roots. The relevant granulation tissue
and nerve endings growing into the annulus
fibrosus fissure were ablated with Ellman flexi-
ble bipolar radiofrequency electrode to make
the opening shrink and form. After the opera-
tion, 7 mg compound betamethasone was in-
jected into the intervertebral foramen. It sh-
ould be avoided 3-6 weeks after operation.
Patients with body torsion, weight-bearing ex-
ercise, guiding patients to carry out lumbar sta-
bility training.

All patients were treated with conventional
antibiotics (Tianjin Pharmaceutical Group Jin-
kang Pharmaceutical Co., Ltd., Guoyao Zhunzi
h20060932, specification: 100 mg) for 24
hours, detumescence, pain relief, nerve nutri-
tion and other symptomatic treatment. The
patients were guided to perform functional

9358

According to macnab lumbar function
standard [11], the clinical efficacy of the
two groups was evaluated. The excellent
and good rate was calculated according
to the number of excellent and good cases. If
the patient’s symptoms was completely disap-
peared, this case was rated as excellent. If the
patient’'s symptoms had mild limitation of ac-
tivities, but it had no impact on work and life,
this case was rated as good. If the patient’s
symptoms alleviates, however, the activity is
limited, this case was rated as medium. If the
patient’'s symptoms had no difference before
and after treatment, this case was rated as
poor.

The dysfunction of the lumbar spine

According to Oswestry disability index (ODI)
[12], the degree of lumbar dysfunction was
evaluated before operation and 1, 3, 6 months
after operation.

Statistical analysis

All data were analyzed by SPSS 22.0. The sta-
tistical results are expressed by mean * stan-
dard deviation (M % s), the data comparison is
conducted by t-test and the correlation analysis
is conducted by person linear phase, P < 0.05
was the difference with statistical significance.
Analyses were performed using Graph Pad
Prism 7 Software (Graph Pad Prism, San Diego,
CA).

Results
Clinical data

Table 1 shown characteristics of the partici-
pants. The research included 157 patients,
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Table 2. Comparison of VAS score between the two groups before and after treatment (points, X +s)

group Number of cases TO T1 T2 T3 T4
Experimental group 81 743+0.86 2.11+0.94 1.69+0.75 1.49+0.68 1.35+0.68
Control group 76 7.94+0.89 7.15+1.14 6.78+1.23 6.44+0.78 4.37+0.87
t - 0.168 19.797 20.235 20.415 16.742
P - 0.843 0.0001 0.0002 0.0002 0.0004

Note: Compared with the control group, significant difference as P<0.05. TO: Before surgery; T1: one day after surgery; T2: one
week after surgery; T3: four weeks after surgery; T4: 12 weeks after surgery.

-8~ Experimental group
-~ Control group
10 * *

VAS score
-y

c ] 1 ] 1 1
N N N4 <> >
Time

Figure 1. Comparison of VAS score between the
two groups before and after treatment. Note: Com-
pared with the control group, significant difference
as P<0.05. TO: Before surgery; T1: one day after sur-
gery; T2: one week after surgery; T3: four weeks after
surgery; T4: 12 weeks after surgery.

involved 81 patients in the experimental group,
a mean age (64.4+2.56) years, while in the
control group, a mean age (63.7+2.67) ye-
ars. The BMI in the experimental group was
(22.5+3.16) kg/m?, and in the control group
was (23.35+2.43) kg/m?, there was no statisti-
cal significance between two group (P=0.34).
The number of smoking people in the experi-
mental group was 37 (45.7%), and that in the
control group was 34 (44.7%). The number of
surgical segments in L3-L4, L4~L5 and L5~
S1 in experimental group were 11 (13.6%), 65
(80.2%) and 5 (6.2%), respectively, and that in
the control group were 8 (10.5%), 62 (81.6%)
and 6 (7.9%), respectively. No statistical sig-
nificance between two groups among mean
age, BMI, smoking number and surgical se-
gments.
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Clinical relieve pain

As shown in Table 2 and Figure 1, the score
of VAS before surgery (TO) in the experimental
group was (7.43+0.86) points, and that in the
control group was (7.94+0.89) points; while
the score of VAS at one day after surgery (T1),
one week after surgery (T2), four weeks after
surgery (T3) and 12 weeks after surgery (T4)
in the experimental group respectively were
(2.11+0.94) points, (1.69+0.75) points, (1.49+
0.68) points and (1.35+0.68) points, and that
in the control group respectively were (7.15+
1.14) points, (6.78+1.23) points, (6.44+0.78)
points and (4.37+0.87) points, there had sta-
tistical significance between two groups after
surgery (P<0.05). The VAS was positively im-
provement with the treatment of TESSYS
operation.

Indexes of perioperative period

The average operative time in the experimen-
tal group was (53.32+10.27) min, and that in
the control group was (97.46+13.47) min. The
average blood loss in operaton in the experi-
mental group was obviously less than control
group ((50.01+£5.74) VS. (172.23+8.61) ml,
P<0.05). Moreover, the length of hospitaliza-
tion of experimental group was shorten than
the control group ((6.73+3.21) VS. (13.94+2.15)
d, P<0.05) (Table 3 and Figure 2).

The dysfunction of the lumbar spine

The score of oswestry disability index (ODI)
before surgery (TO) in the experimental group
was (37.24+10.73) points, and that in the
control group was (37.15+10.89) points; while
the score of ODI at one day after surgery (T1),
one week after surgery (T2), four weeks after
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Table 3. Comparison of Indexes of perioperative period between the two groups (X s)

Number of N . Average blood loss in Length of
group cases Operative time (min) operaton (ml) hospitalization (d)
Experimental group 81 53.32+£10.27 50.01+5.74 6.73+3.21
Control group 76 97.46+13.47 172.23+8.61 13.94+2.15
t - 13.571 23.694 10.154
P - 0.0002 0.0001 0.0004

Note: Compared with the control group, significant difference as P<0.05.

*

—— EA Experimental group
@l Control group

200+

150+

1004

Indexes of perioperative period

in the control group was 71.1% (54/76), there
existed significant difference in clinical effect
between the two groups (P<0.05) (Table 5).

Preoperative and post-operative CT scan and
MRI

As shown in the Figure 4, CT scan and MRI
of patient with lumbar stenosis treated with
TESSYS technique. The patient with treatment
of TESSYS technique reduce intraoperative

& & o
& ) «O
o & & fluoroscopy.
& o d
Qa‘ g\“ R . .
© & & Discussion
& .@o
Q;o‘° & . L . .
S N Lumbar spinal stenosis is a spinal canal dis
& Group ease. Combined with osteoporosis in the elder-

Figure 2. Comparison of Indexes of perioperative pe-
riod between the two groups. Note: Compared with
control group, *P<0.05.

surgery (T3) and 12 weeks after surgery (T4)
in the experimental group respectively we-
re (20.514+5.12) points, (15.53+3.21) points,
(14.17+£3.48) points and (12.35+3.28) points,
and that in the control group respectively we-
re (27.15+8.14) points, (23.20+7.85) points,
(18.36+4.87) points and (17.88+4.93) points,
there had statistical significance between two
groups after surgery (P<0.05). The dysfunction
of the lumbar spine (ODI score) was positively
improvement with the treatment of TESSYS
operation (Table 4 and Figure 3).

Clinical effect

There were statistical differences between the
two groups in the clinical effect (P<0.05). After
treatment, there were increased in score of
Comprehensive evaluation among the two gr-
oups. The excellent and good rate in the ex-
perimental group was 86.4% (70/81), and that
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ly, it is easy to lead fracture disease, and it even
causes limb and motor dysfunction, affecting
the quality of life [13]. Percutaneous transfo-
raminal endoscopic TESSYS technique uses
multi angle bipolar radiofrequency electrode,
which can directly ablate nucleus pulposus at
low temperature and repair the ruptured annu-
lus fibrosus [14, 15]. It is widely used in clinical
practice.

In our study, the VAS score of the experimental
group after operation was significantly lower
than that of the control group, and the ODI
score was significantly higher than that of the
control group. The results demonstrated that
patients treated with percutaneous transfo-
raminal endoscopic TESSYS technique have
faster pain relief, earlier recovery of activity
ability and more stable curative effect. Fur-
thermore, intraoperative blood loss and the
excellent and good rate of treatment in the
experimental group were better than those in
the control group, suggesting that percutane-
ous transforaminal endoscopic TESSYS tech-
nique has the advantages of less trauma,
less intraoperative blood loss, shorter opera-

Am J Transl Res 2021;13(8):9356-9363
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Table 4. Comparison of ODI score between the two groups before and after treatment (points, X xs)

group Number of cases TO T1 T2 T3 T4
Experimental group 81 37.24+10.73 20.5145.12 15.53+3.21 14.17+3.48 12.35+3.28
Control group 76 37.15+10.89 27.15+8.14 23.20+7.85 18.36+4.87 17.88+4.93
t - 0.334 6.997 7.698 3.972 4.649

P - 0.794 0.0003 0.0002 0.0003 0.0004

Note: Compared with the control group, significant difference as P<0.05. TO: Before surgery; T1: one day after surgery; T2: one
week after surgery; T3: four weeks after surgery; T4: 12 weeks after surgery.

E& Experiemntal group
604 4 Control group

ODI score

ANSNNNNNRNNNNNY

Time

Figure 3. Comparison of ODI score between the two
groups before and after treatment. Note: Compared
with the control group, significant difference as
P<0.05. TO: Before surgery; T1: one day after sur-
gery; T2: one week after surgery; T3: four weeks after
surgery; T4: 12 weeks after surgery.

tion time and fewer complications, and its clini-
cal effect and safety are better than those of
traditional surgery, which is related to the clear
observation of diseased tissue and the im-
provement of operation safety.

TESSYS surgery method was performed th-
rough the lateral approach. A special circular
saw was used to expand the intervertebral
foramen and remove the diseased articular
process. Some hyperplastic osteophytes and
thickened ligamentum flavum in the lateral re-
cess can further remove or repair the ventral
tissue causing lateral recess stenosis [16, 17].
This operation can be used as the first choice
for minimally invasive treatment of lumbar spi-
nal canal stenosis combined with nerve root
canal stenosis [18]. Compared with the tradi-
tional surgical treatment, percutaneous trans-
foraminal endoscopic TESSYS technique has
many advantages. Firstly, the incision is short,
only 7 mm, which can effectively prevent post-
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operative complications caused by resection
of articular process [19]. Secondly, during the
recovery period, the patients can walk after 24
hours, which can reduce the adhesion between
tissues. Thirdly, the postoperative pain was
mild, the amount of bleeding was less and the
trauma was small. Because of these advan-
tages, it has been widely used in various medi-
cal units, and it has become the first choice
for the treatment of elderly lumbar spinal
stenosis.

In this study, percutaneous transforaminal en-
doscopic TESSYS technology can reduce the
degree of lumbar pain, and actively promote
the recovery of lumbar function. The reasons
may be as follows: (1) Percutaneous transfo-
raminal endoscopic TESSYS technique has a
small incision to avoid physiological stress re-
action and complications. (2) The patient was
under local anesthesia, and they can get feed-
back in time, which can reduce the damage to
the nerve root. Furthermore, it is conducive to
the recovery of lumbar function [20]. (3) Per-
cutaneous transforaminal endoscopic TESSYS
technology uses the intervertebral foramen to
directly insert the endoscopic working cannula
into the spinal canal, and it magnifies the surgi-
cal target through the image system, so that
the surgical field of vision is clearer. (4) Dur-
ing the operation, the special circular saw was
used to expand the intervertebral foramen and
place the operation channel, which almost did
not damage the lamina, articular process, mus-
cle, etc., it did not affect the anatomical struc-
ture of the lumbar spine, maintained biome-
chanical stability and recovered quickly after
operation. (5) There is no need to pull the ner-
ve root during the operation. (6) The use of
bipolar radiofrequency ablation during the
operation can realize the denervation of the
nerve fibers in the annulus fibrosus, which is
helpful to relieve the pain quickly.

Am J Transl Res 2021;13(8):9356-9363
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Table 5. Comparison of Macnab classification between the two groups after treatment

Excellent and

group Number of cases Excellent Good Medium Poor

good rate
Experimental group 81 52 (64.2%) 18 (22.2%) 8 (9.9%) 3(3.7%) 70(86.4%)
Control group 76 41 (53.9%) 13(17.1%) 15(19.7%) 7 (9.2%) 54 (71.1%)
t - 7472 4.533 8.323 3.967 12.243
P - 0.013 0.023 0.006 0.038 0.0003

Note: Compared with the control group, significant difference as P<0.05.

population is the elderly, and
the limitation of the popula-
tion also leads to the limita-
tions of the study. The findings
of the current study needed
more longitudinal studies on
the clinical effect of percutan-
eous transforaminal endosco-
pic TESSYS technology in tre-
atment of patients with lumbar
spinal stenosis.

In summary, Percutaneous tr-
ansforaminal tessys is a safe
and minimally invasive tech-
nique for the treatment of
lumbar spinal stenosis in the
elderly. Compared with tradi-
tional open surgery for poste-
rior lumbar interbody fusion,
percutaneous transforaminal
endoscopic TESSYS technique
has less trauma and does not
damage the stability of the sp-
ine. It can significantly shorten
the hospitalization and opera-
tion time, reduce intraopera-
tive fluoroscopy and blood loss
and reduce the degree of pain
and postoperative complicati-
ons. It is an effective and mo-
re advantageous scheme for
the treatment of elderly lum-
bar spinal stenosis.

Figure 4. CT scan and MRI of patient with lumbar stenosis treated with
TESSYS technique. (A, B) Preoperative MRI. (C, D) Post-operative MRI. The
stenosis was indicated by red circle in (B), and the removal ventral osteo-
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