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Background: To compare efficacy and safety of percutaneous transforaminal endoscopic spine system (TESSYS) and tradi-
tional fenestration discectomy (FD) in treatment of lumbar disc herniation (LDH).

Material/Methods: A total of 106 LDH patients were divided into TESSYS group (n=48) and FD group (n=58). Visual analogue scale
(VAS), Oswestry disability index (ODI), Japanese Orthopedic Association (JOA), and modified MacNab criteria
were used for efficacy evaluation. Post-operative responses were compared by enzyme-linked immunosorbent
assay (ELISA) based on detection of serum IL-6, CRP, and CPK levels.

Results: In the TESSYS group, compared with the FD group, we observed, shorter incision length, less blood loss, short-
er hospital stay, lower hospitalization cost, shorter recovery time, lower complication rate (all P<0.001), and
lower VAS scores of lumbago and skelalgia at 3 days and 1, 3, and 6 months postoperatively (all P<0.05). At
24 and 48 h postoperatively, CRP level was remarkably higher in the FD group compared to the TESSYS group
(P<0.001). Further, comparison of IL-6 levels at 6, 12, 24, and 48 h postoperatively revealed significantly high-
er levels in the FD group than in the FESSYS group (all P<0.001).

Conclusions: TESSYS had clinical advantages over FD and entails less trauma and quicker postoperative recovery, suggest-
ing that TESSYS is well tolerated by patients and is a better approach than FD in surgical treatment of LDH.
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Background

Lumbar disc herniation (LDH) is one of the most frequently di-
agnosed causes of low back pain (LBP) and is a common cause
of radiculopathy. LDH presents with considerable variability in
LBP among patient populations [1] but patients who have LDH
will commonly present symptoms of consistent radiculopa-
thy [2]. LDH can result from general wear and tear associated
with constant sitting, squatting, or driving [3]. Epidemiological
evidence indicates that axial torque/twist combined with re-
petitive motions of flexion-extension can result in LDH [4].
Gene mutations have also been implicated in the etiology of
LDH, for example, mutations leading to altered expression of
proteins such as MMP2 and THBS2 [5]. Clinical treatment of
a herniated lumbar disc initially follows a conservative care
regimen that includes analgesics, epidural steroid injections,
and physical therapy. In a case report, Birbilis et al. present-
ed the case of a 74-year-old man presenting with a large disc
herniation at L5-S1, experiencing moderate sciatic pain, and
having a positive result in the straight-leg-raising test at 30
degrees. The patient was symptom-free and the spontaneous
disappearance of the herniated disc fragment was revealed
1 year later through conservative treatment with medication
and physical therapy, suggesting that the disc regression could
have been due to dehydration, resorption as a result of an in-
flammatory reaction, or retraction into the intervertebral space,
and underlining the need to limit surgical treatment strictly to
patients with neurological deficits and severe unremitting leg
pain despite conservative measures [6]. Surgery and minimal-
ly invasive procedures are recommended for patients with se-
vere dysfunction of the nerve root or cauda equine when con-
servative treatments fail to control symptoms [1,7].

Among minimally invasive techniques, the percutaneous trans-
foraminal endoscopic spine system (TESSYS) has steadily be-
come a prevalent therapy for LDH [8,9]. Transforaminal endo-
scopic lumbar discectomy is popular because of its advanced
endoscopic visualization and increased patient demands for
minimally invasive procedures [10]. TESSYS, developed by Dr.
Thomas Hoogland, made it possible to use foraminoplasty to
operate inside the spinal canal and widen the foramen be-
tween vertebras near the facet joint with special reamers [11].
TESSYS is a minimally invasive method for treating lumbar disc
pathology compared to the traditional tube or open retractor
procedures that rely on direct or microscopic visualization [12].
TESSYS has fewer postoperative complications than conserva-
tive surgery, with a mean complication rate of 2.8% [13,14].
For example, transient lower extremity dysesthesia or hypes-
thesia induced by irritation of nerve root, the most frequent
complication of conventional operations, is relatively rare in
TESSYS [11]. In addition, TESSYS technique has been report-
ed to achieve high success rates in young and elderly patients
due to its unique surgical approach and instrument design [15].
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Fenestration discectomy (FD) is indicated primarily for treat-
ing LDH; it has several advantages, including short operation
time, simple surgical procedure, fast postoperative recovery,
markedly lower surgery cost, and preservation of mobility of
the operation segments [16]. The purpose of the present study
was to further investigate the efficacy and safety of TESSYS
compared to FD in treatment of LDH.

Material and Methods

Ethics statement

The study was carried out with the approval of the Institutional
Review Board of the First Affiliated Hospital of Nanchang
University. Written informed consents were obtained from el-
igible patients and the study was designed to conform to the
Declaration of Helsinki.

Subjects and study design

Between January 2009 to January 2012, 106 LDH patients were
admitted to the Department of Orthopaedic Surgery, the First
Affiliated Hospital of Nanchang University. From this patient
pool, study subjects were randomly enrolled into the present
study. The diagnosis of LDH was confirmed by clinical symp-
toms, lateral X-ray, and MRI examination. Based on different
surgery approaches, LDH patients were divided into 2 groups:
the TESSYS group and the FD group. In the TESSYS group
there were 26 males and 22 females; average age was 39.5
years (range, 22~58 years); average duration was 15.5 months
(range, 5 months~6 years); and average follow-up time was
16.7 months (range, 12~25 months)]. Clinical features were:
9 patients with central herniation, 26 with paramedian herni-
ation, and 13 with foraminal herniation; and within the LDH
patients in the TESSYS group, 4 occurred at L3-4, 31 at L4-5,
and 13 at L5-S1. In the FD group there were 31 males and 27
females; average age was 42.8 years (range, 27~61 years); av-
erage duration was 22.3 months (range, 6 days~7 years); and
average follow-up time was 17.3 months (range 12.5~23.5
months). The FD group had 18 patients with central hernia-
tion, 15 with paramedian herniation, and 15 with foraminal
herniation; and within the LDH patients in the FD group, 5 oc-
curred at L3-4, 34 at L4-5, and 19 at L5-S1. Patient exclusion
criteria were: (1) LDH associated with other diseases, includ-
ing neuropathy, incretion, metabolic diseases, any diseases re-
lated to heart, lung, liver, or kidney, or acute/chronic inflam-
mation; (2) multi-level disc herniation; (3) infection of spine,
tumor, discitis, or vertebral tuberculosis; (4) recurrent inter-
vertebral disc herniation; and (5) lumbar instability or spon-
dylolisthesis at more than 2 levels.
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Figure 1. Anteroposterior (A) and lateral (B) x-ray film showing needle position of transforaminal endoscopic spine system procedure
performed with posterolateral approach.

TESSYS procedures

Patients were arranged in lateral position with the affected side
upwards, and coxa and knee bent. Using C-arm X-ray devices,
the herniated disc was verified and the direction and site of
puncture was marked. After being sterilized and draped, pa-
tients were given local infiltration anesthesia using lidocaine
(1%) preoperatively. The procedure was performed with pos-
terolateral approach. When the spinal needle reached the in-
tervertebral disc through the foramen intervertebrale, acidic
coeruleum methylenum (1 ml) was injected to stain the de-
generated nuclear tissue (Figure 1). The amount of contrast
agent was carefully controlled to avoid dye leaking to the ca-
nalis spinalis via fractured annulus fibrosus (AF). Prior to re-
moving the spinal needle, a guide wire was inserted through
the spinal needle, and then a 0.8 cm skin incision was made
along the guide wire, followed by sequential dilatation of the
tract, which could then make way for a working cannula. The
position for the working channel was visualized and final-
ized under the C-arm. Then, the foramen intervertebrale was
washed with continuous normal saline under an endoscope.
After identification of the structures, the blue-stained degen-
erated nucleus pulposus (NP) was then removed using various
grasping forceps and assisted by use of a microscope. After the
nerve root decompression was performed, the working cannu-
la was retracted and the skin was stitched.

FD surgery

Patients were positioned in prone position with the abdomen
free, and epidural anesthesia was given with 15-18 mL of 1.5%
plain lidocaine through a catheter. A 4-cm posterior midline in-
cision was made. The sacrospinal muscle was separated along
the lateral margin of the acantha and lamina after subcuta-
neous tissue and aponeurotic fascia were cut open. With the
upper and lower lamina and zygapophyseal joints exposed,
fenestration was performed by resecting partial lamina using
bayonet tissue forceps and then a flavectomy was carried out
to expose the dural sac and nerve root. A nerve root retrac-
tor was used for medial retraction of the spinal dura mater
and nerve root and then the herniated intervertebral disc tis-
sue was exposed. The ligamenta longitudinale posterius and
AF were incised using a microknife. The herniated NP and re-
maining degenerated NP within the intervertebral disk were
removed using an NP clamp. The canalis spinalis and nerve
root canals were examined and the nerve root was loosed. The
wound was washed after complete hemostasia and a drain-
age tube was kept in place. Finally, the incision was sutured.

Postoperative management

For the TESSYS group, patients were given antibiotic for 1~3
days to prevent infection. Anti-inflammation and dehydra-
tion protocols were implemented by giving mannitol and
dexamethasone for 3 days; after complete bed recovery for 3
h, patients were allowed out-of-bed activity with assistance
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Figure 2. Measurement of lumbar lordosis angle, showing
that intersection angle of perpendicular lines to the
2 tangents was the angle of the L1 and S1 by Cobb
method.

of a girdle brace. Patients were discharged from the hospi-
tal after 3~6 days with straight leg raising exercise training
to avoid adhesion of the nerve root. Patients were allowed to
perform moderate lumbar and dorsal extensor exercises af-
ter 1 month. For patients in the FD group, hormone therapy,
neurotrophic drugs, and drugs that ameliorate microcircula-
tion were given. The drainage tube was removed when the
drainage volume was less than 50 mL/24 h. With the help of
a girdle brace, patients walked as appropriate 3~5 days after
the surgery. Lumbar and back muscle exercises were recom-
mended 2 weeks after the surgery and patients were asked
to wear the girdle brace for 1 month and to avoid strenuous
activities for 3 months.

Treatment efficacy assessment

Clinical data, such as time of surgery, the length of incision,
volume of bleeding during surgery, and hospitalization time,
were recorded. Postoperative follow-up was done by physi-
cians who did not participate in the surgery. The evaluation
of osphyalgia and skelalgia condition at 1 day before the sur-
gery and at 3 days, 1 month, 3 months, 6 months, and 12
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Figure 3. Measurement of the height of intervertebral space
with the average value of the front distance between
2 vertebrae and the posterior distance between the 2
vertebrae by Frymoyer-Pope method.

months after the surgery were performed with the visual ana-
logue scale (VAS) [17]. For the assessment of lumbar function,
we used the Oswestry disability index (ODI) and the Japanese
Orthopaedic Association (JOA) back pain evaluation question-
naire [18,19]. Clinical response was evaluated using modified
MacNab criteria at the last follow-up [20]. Patients received
a lateral X-ray of lumbar vertebra 6 months after the surgery.
The sagittal lordosis of lumbar vertebra was presented using
lumbar lordosis (LL). Cobb method was used for measurement:
tangents were drawn on the superior endplate of L1 and S1 on
the lateral X-ray film of lumbar vertebra, respectively. The in-
tersection angle of lines perpendicular to the 2 tangents was
the angle of the L1 and S1 (Figure 2). The ratio of the distance
among vertebrae (d) and the superior vertebrae (D) (d/D) was
measured to assess the change in height of the target interver-
tebral space. Frymoyer-Pope method was utilized for measur-
ing the height of the intervertebral space: the average value
of the front distance between 2 vertebrae and the posteri-
or distance between the 2 vertebrae (Figure 3). All measure-
ments were made 2 times and average values were obtained.
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Enzyme-linked immunosorbent assay (ELISA) for serum
IL-6, CRP, and CPK levels

Peripheral venous blood samples (5 ml) were collected in sterile
tubes on the 1% morning after patients were admitted to the
hospital. Additional samples in the series were collected at 1,
6, 12, and 24 h after the surgery. Within 2 h of collection, blood
samples were centrifuged at 3000 r/min for 15 min at room
temperature, and serum was separated and placed in sterile
freezing tubes and stored at —20°C for further use. ELISA Kit
(Innogent Company, Shenzhen) was used for detection of se-
rum IL-6, CRP, and CPK following the manufacture’s protocol.

Statistical analysis

Data are presented as means + standard deviation (SD). The
2-sample t test was used to inspect measurement data and the
chi-square test was performed for data categories. Comparisons
between groups were performed by either t test (with homo-
geneity of variance) or rank test (with heterogeneity of vari-
ance). SPSS18.0 software (SPSS Inc., Chicago, IL, USA) was
used for data analysis. Statistical significance was set at P
value less than 0.05.

Results

Comparison of surgery-related indicators

Our data collected show significantly shorter incision length,
less blood loss, shorter hospital stay, lower cost of hospital-
ization, and shorter recovery time in the TESSYS group com-
pared to the FD group (all P<0.01). No significant differenc-
es between the 2 groups were found when surgery time and
return-to-work rates were compared (both P>0.05). The pro-
cedure-related complication rate for the TESSYS group and
FD group were 6.3% (3/48) and 20.7% (12/58), respectively,
showing a notably lower rate in the TESSYS group (P<0.01).
Three patients developed temporary postoperative limb par-
esthesia, including hyperalgesia and/or numbness, in both
groups. The symptom was ultimately resolved at 1-month
follow-up, following conservative treatment. In the FD group,
dural laceration occurred in 2 patients and was managed by
intraoperative dural repair and postoperative conservative
treatment, with removal of the drainage tube when signifi-
cant drainage fluid had disappeared. Limb weakness occurred
in 4 patients but they regained strength to preoperative lev-
els within 6 months after conservative treatment. Acute uri-
nary retention was encountered in 4 patients and urinary
function was restored after local massage and intermittent
catheter opening. There were no reports of nerve root injury
in either group (Table 1).
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Comparison of clinical efficacy

VAS, JOA, ODI score, and LL were measured to compare the
clinical efficacy of the TESSYS group and FD group. There was
no significant difference in preoperative VAS score for osphy-
algia and skelalgia, JOA score and ODI score for lumbar func-
tion, or LL for sagittal lordosis of lumbar vertebra between the
TESSYS group and FD group (all P>0.05). The VAS, JOA, and ODI
score in both groups were significantly improved postopera-
tively (all P<0.01). The postoperative VAS score of the TESSYS
group at 3 days, 1 month, 3 months, and 6 months after the
surgery was significantly lower than that in the FD group at
the corresponding time period (all P<0.05). However, no signif-
icant differences in VAS score at 12 months after the surgery
was found between the 2 groups (P>0.05). As for postoperative
JOA and ODI score, no notable difference was found between
the 2 groups at each corresponding follow-up time point (all
P>0.05) (Table 2). Based on the modified MacNab, at the end
of the follow-up, 95.84% of the patients in the TESSYS group
and 94.82% of patients in the FD group were classified as ex-
cellent or good, with no significant differences between the 2
groups (P>0.05). Some patients were reexamined by MRI post-
surgery and showed significant regression or disappearance
of disc herniation (Figure 4).

Change in lumbar stability

To study the lumbar stability in the TESSYS group and FD group,
Cobb angle and ratio of d/D were measured. The preoperative
and postoperative Cobb angle showed no evident change in
the FD group (25.38+6.89° vs. 24.48+6.08°, t=0.774, P>0.05),
but in the TESSYS group, postoperative Cobb angle was re-
duced significantly as compared with preoperative Cobb an-
gle (23.36+6.54° vs. 26.81+7.19°, t=4.769, P<0.01). No obvi-
ous differences were found in the d/D, which was measured
for changes in height of target intervertebral space in the 2
groups before and after the surgery (P>0.05).

Comparison of serum CRP, CPK, and IL-6 levels

There was no statistical difference in serum CRP level between
the 2 groups preoperatively and at 1, 6, and 12 h after surgery
(all P>0.05). However, at 24 and 48 h after surgery, CRP levels
were remarkably higher in the FD group than in the TESSYS
group (P<0.001) (Table 3). Although CPK levels increased ob-
servably in both groups at 1, 6, 12, and 48 h after surgery, the
increases in CPK level in the FD group were significantly higher
when compared to the TESSYS group (P<0.001) (Table 4). The
differences in IL-6 levels between the 2 groups were not sig-
nificant immediately following surgery (P>0.05). However, at 6,
12, 24, and 48 h after surgery, the difference in IL-6 levels be-
tween the 2 groups became notable, with IL-6 levels increas-
ing significantly faster in the FD group (all P<0.001) (Table 5).
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Table 1. Comparison of surgery-related indicators in lumbar disc herniation patients between transforaminal endoscopic spine system
and fenestration discectomy group (&s).

TESSYS ] P value

Operating time (min) 64.8+16.2 72.0%£12.6 P>0.05
© ncsionlengthcm) o8 37508 P00l
"""""" Bloodloss (m) 13836  87.2#323 POl
"""""" Hospitalstay (day) 7246 12838 P00l
 Costofhospitalization RMB) 87329 10751 P01
"""""" Recoverytime (week)  102:27 14431 pwool
"""""" Retun-towork rate (%)  947(36/38)  953(40/42 P05
 Changeinsurgicalapproach () o o
~ Complications(®) 3 12 poot
"""""" limbweakness o 4 poos
"""""" limb paresthesia 3 3 poos
"""""" Nerverootimury 0 0
"""""" Dural laceration 0 2 poos
"""""" Postoperative urinary retention - 4

TESSYS — transforaminal endoscopic spine system; FD — fenestration discectomy.

Table 2. Comparison of visual analogue scale score of lumbago and skelalgia between transforaminal endoscopic spine system and
fenestration discectomy group ().

TESSYS

TESSYS

Osphyalgia Skelalgia Osphyalgia Skelalgia

Dozl 3] 7.3x1.8

1.6+0.413 27.1+£1.9%° 27.4+1.24

Post-op (12 months)

10.1+1.5*

TESSYS — transforaminal endoscopic spine system; FD — fenestration discectomy; JOA — Japanese Orthopaedic Association;

ODI — Oswestry Disability Index; pre-op — pre-operation; post-op — post-operation; ! compared with pre-operative VAS, P<0.01;

2 compared with FD group, P<0.05; * compared with FD group, P>0.05; * compared with pre-operative JOA or ODI, P<0.01; ®* compared
with FD group, P<0.05.

Discussion or tube retractor surgery, TESSYS was significantly superior in

many factors. First, the temporary complication rates of TESSYS

Our research data suggests that both TESSYS and FD are effec-
tive in LDH treatment. However, we also uncovered significant
benefits to TESSYS over those observed for FD. TESSYS proved
to be minimally invasive, with lower post-operative burden and
rapid recovery under the strict control of operation indication.
Due to high demand for less traumatic surgical procedures,
minimally invasive spine operation procedures have been com-
monly used in recent years. Compared with traditional open

are low, as measured by persistent sensory deficits (1%), dys-
esthesias (10%), and dural tears (0.3%), compared to tradition-
al fenestration discectomy (FD) conducted under general an-
esthesia [21,22]. Moreover, TESSYS was reported to be a safe
and effective treatment for LDH owing to minimal iatrogenic
damage to the nerve root because of inherent features of the
procedure, such as targeted posterolateral access, broadening
the foramen, and more intelligent instrumentation to increase
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Figure 4. Axial images of preoperative MRI examination (A) showing significant regression of disc herniation and axial images of
postoperative MRI examination (B) showing significant disappearance of disc herniation.

Table 3. Comparison of preoperative and postoperative C-reactive protein (CRP) level between transforaminal endoscopic spine system
and fenestration discectomy group (&s).

FD TESSYS F value P value

Pre-op 0.17+0.10 0.15+0.07 0.498 0.490
 Postop(ih) 0221009 0161007 2506 0120
 postop6h) 0281009 0215005 a8 0053
 Postop(2h) o29s0m1 0261006 Lo3s 0322
 Postop@ah) 184074 0181009 8966 w001
 postop@sh) 2615093 0101004 73080 <001
""""" Fvave 4329 s agagy
""""" pvalee <001 o001 oot

TESSYS — transforaminal endoscopic spine system; FD — fenestration discectomy; pre-op — pre-operation; post-op — post-operation;
# main effects between groups (F=119.53, P<0.001), main effects among different time (F=43.086, P<0.001); * interaction effects
(F=48.483, P<0.001).

the distance between the needle and the nerve root [12,23].
Furthermore, the stability of ligamentum flavum and intraca-
nal capsule structures was maintained during the TESSYS pro-
cedure by microscopic or direct visualization to manage the ex-
truded disc fragment, causing less scar formation [11]. TESSYS
also was clearly associated with good clinical outcomes, high
quality of life, shorter hospitalization, and high satisfaction rate
due to lack of rebarbative scar tissue on the skin [15]

Our study indicates that patient satisfaction in both groups
was over 94% at the final follow-up. The VAS of the 2 groups
had obvious improvement compared to VAS before surgery;
however, there were no significant differences at 12 months
after the operation. In addition, the JOA and ODI scores in the
2 groups also improved but were not statistically significant
during the same follow-up period. In this study, the amount
of bleeding in TESSYS was significantly lower than that of FD
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Table 4. Comparison of preoperative and postoperative creatine phosphokinase (CPK) level between transforaminal endoscopic spine

system and fenestration discectomy group (&s).

FD TESSYS F value P value

Pre-op 64.28+4.69 78.03+7.17 25.762 <0.001
 postop(ih) 1308741415 7704817 147800 <0001
 Postop(6h) 205442349 1050541723 157106 <0001
 Postop(12h) 2981142603 12182:2203 267294 <0001
 Postop@ah) 2708744350 12356:1308 105149 <0001
 Postop(ash) - 185562106 1024111468 104762 <0001
""""" Fvave s 4016 ss300"
""""" pvalie <001 <00l oot

TESSYS — transforaminal endoscopic spine system; FD — fenestration discectomy; pre-op — pre-operation; post-op — post-operation;
# main effects between groups (F=462.497, P<0.001), main effects among different time (F=143.219, P<0.001); * interaction effects

(F=58.390, P<0.001).

Table 5. Comparison of preoperative and postoperative interleukin-6 (IL-6) between transforaminal endoscopic spine system and

fenestration discectomy group ().

FD TESSYS F value P value

Pre-op 0.25+0.04 0.25+0.05 0.002 0.963
 Postop(ih) 0308002 033005 2008 o1
 postop6h) 0871005 0261005 684406 <00l
 Postop(2h) 0931012 0221007 248296 <00l
 Postop@ah) 0982009 0261005 a08912 <001
 Postop@sh) 107010 0251006 a0738 <0001
""""" Fvave 49 1a 1aze
""""" pvalie <001 0003  <«oor*

TESSYS — transforaminal endoscopic spine system; FD — fenestration discectomy; pre-op — pre-operation; post-op — post-operation;
# main effects between groups (F=1140.072, P<0.001), main effects among different time (F=119.611, P<0.001); * interaction effects

(F=147.637, P<0.001).

and patients who had undergone TESSYS stopped bleeding
more completely. Additionally, the direct visualization of the
target in TESSYS could have contributed to the decreased fi-
brillation of canalis spinalis as well as the effects on cavum
epidurale and nerve root, while the adhesion of cavum epi-
durale and nerve root may cause the postoperative leg pain.

Traditionally, minimally invasive techniques for surgical discec-
tomy have been defined as smaller incisions, tubular retractors,
microscopically assisted tissue dissection, and conservative re-
moval of only extruded or sequestered nucleus pulposus with
preservation of the annulus. The first truly minimally invasive
technique was chymopapain dissolution of the nucleus pulposus,

and other percutaneous techniques followed; however, none
were as efficacious as the gold standard of microlumbar discec-
tomy until endoscopically visualized methods evolved to allow
visualized mechanical discectomy through the foramen. In ex-
perienced hands, such a technique is as effective as microlum-
bar discectomy and results in less surgical morbidity for herni-
ation that is appropriate for this minimally invasive endoscopic
surgical portal that completely avoids traumatizing the normal
anatomy of the dorsal musculature and ligamentous structures,
supplying a novel therapeutic direction for LDH in the future.

Systemic wound response measurements in our study revealed
that TESSYS caused less damage to local muscle tissues than
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that of the open surgery, implying that patients tolerate TESSYS
well and that TESSYS may be a more effective approach for
treating LDH. CRP levels signify nonspecific response to tissue
injury, and serum CRP is an acute-phase protein produced by
hepatic synthesis [24]. Serum CRP only exits in minute quanti-
ties in healthy people, and its concentration increases rapidly
in inflammation and tissue injury, and is used as an effective
index to distinguish bacterial infection and virus infection [25].
CRP increases rapidly and exponentially in settings such as
acute inflammation, tissue injury, myocardial infarction, sur-
gical trauma, and radiation injury [26]. CPK is an important
intracellular enzyme expressed by various tissues and cell
types [27]. CPK is rarely found outside cells under normal cir-
cumstances when muscle cell membranes are intact and un-
damaged [28,29]. Mechanical and hypoxic ischemic injury can
cause damage to the muscle cell membrane and promote re-
lease of CPK, thus increasing serum CPK activity for endocyte
release into the blood [30]. Therefore, CPK is a good serum
indicator for muscle damage [31]. By contrast, IL-6 is an im-
portant inflammatory cytokines in the cytokine network [32].
It can activate neutrophils and increase the production of in-
flammatory mediators after trauma, further promoting system-
ic inflammatory response syndrome after trauma. IL-6 can also
promote the release of soluble TNF receptor and IL-1 receptor
2 and decrease the function of TNF-a and IL-1, mediating anti-
inflammatory effects [33,34]. Compared to CRP, IL-6 is a more
sensitive inflammation marker [35]. Surgery is a trauma for the
body and it can cause local tissue damage and lead to system-
ic stress response [36]. The degree and duration of postoper-
ative stress responses reflects the impact of the surgical pro-
cedure on the body. Therefore we used CRP, CPK, and IL-6 as
our main parameters to measure postoperative responses [37].
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Several limitations of our study should be mentioned. TESSYS
is not suitable for patients with lumbar spinal stenosis, lumbar
instability, or intervertebral space stenosis. TESSYS is highly
effective in a narrow set of patients and, therefore, traditional
surgical procedures are still very valuable in the clinic. As life-
styles and physical activities change in society, we will need
to periodically reassess our options to effectively treat LDH.

Conclusions

In summary, our study provides evidence that both TESSYS and
FD are effective in the treatment of LDH, but TESSYS has the
advantages of less trauma and faster postoperative recovery.
TESSYS caused less damage to local muscle tissues and elic-
ited significantly lower systemic wound response compared
to that of open surgery, suggesting that a subset of patients
might derive significant benefits from opting for TESSYS.
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