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Abstract. The present study aimed to explore the clinical
effects of percutaneous endoscopic transforaminal discectomy
using a transforaminal endoscopic spine system (TESSYS)
technique for the treatment of L5-S1 lumbar disc herniation
and to analyse the influence of iliac crest height on these
clinical effects. The clinical data of 76 patients with L5-S1
single-segment disc herniation treated with TESSYS at The
Second Affiliated Hospital and Third Affiliated Hospital of
Xi'an Jiaotong University between January and December 2016
were retrospectively analysed. Patients were divided into the
following three groups according to the positional relation
between the highest point of the iliac crest and the L4 and
L5 pedicles in the lateral lumbar, as determined by X-ray:
Group 1, iliac crest height below the upper edge horizontal line
of the L5 pedicle (n=42); group II, iliac crest height between
the lower edge horizontal line of the L4 pedicle and the upper
edge horizontal line of the L5 pedicle (n=29) and group III,
iliac crest height above the lower edge horizontal line of the L4
pedicle (n=5). Changes in the postoperative visual analogue
scale (VAS) pain score and Oswestry disability index (ODI) of
the lower back and lower limbs were observed, and the effects
were compared among the three groups. The mean operating
time was 86.5+13.5 min. A single patient experienced cere-
brospinal fluid leakage due to a mild tear of the dura mater
during the operation, which improved after symptomatic
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treatment. The same operation was repeated in one patient
due to the recurrence of disc herniation. In all patients, the
VAS pain score and ODI of the lower back and lower limbs
at 1 week and 1, 3 and 12 months following the operation were
significantly lower than those before the operation (all P<0.05).
Furthermore, the postoperative VAS pain score and ODI of the
lower back and lower limbs were poorer in group III (L5-S1
lumbar disc herniation complicated with high iliac crest)
than in groups I and II (P<0.05). These results suggested that
TESSYS was effective in treating lumbar disc herniation.
Whether the iliac crest is higher than the lower edge horizontal
line of the L4 pedicle is suggested to be one of the factors
influencing the outcome of the operation.

Introduction

Continuous refinement of percutaneous endoscopic transfo-
raminal discectomy (PETD) has resulted in the development of
an effective treatment for intraspinal herniation, intervertebral
foramen herniation, polar lateral herniation and intervertebral
disc prolapse (1). With the invention and use of new tools,
including the ring saw and the microscopical abrasion drill,
PETD has evolved from indirect decompression, by removing
only the central nucleus pulposus, to direct decompression,
by removing the intervertebral disc (2). PETD is widely used
owing to its many advantages, including minimal operative
wound, minor effect on spinal stability, reduced postoperative
pain and local scar formation and fast recovery (3). However,
operation at the L5-S1 segment is more difficult, owing to the
occlusion of the iliac crest, inclination of the intervertebral
disc, stenosis of the intervertebral foramen and the presence of
other complex anatomical structures (4).

Operation at the L5-S1 segment is challenging given the
anatomical structure of this region. A number of scholars
believe that the working casing cannot increase the angle
with the centre line from the horizontal plane of the L5-S1
segment; therefore, it is impossible to overcome the occlusion
of the herniated disc by the facet joint (4). From the coronal
point of view, the working casing is not in the same horizontal
plane as the intervertebral space, making it more difficult to
remove the disc tissue. Lee et al (5) suggest that the higher
iliac crest and tilted L5-S1 intervertebral disc increase the
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angle of the working casing and enable deviation from the
intervertebral disc and that whether the casing is in a good
position directly affects the success or failure of the operation.
Ahn et al (6) believe that the special anatomical structure of
the L5-S1 segment often leads to prolonged operation time,
increased radiation exposure and even operation failure.
A study has proposed moving the iliac crest downwards by
through changing the patient's position may be beneficial,
however, this operation still has many difficulties in its
practical applications (7).

To overcome the challenging anatomical factors, percuta-
neous endoscopic interlaminar discectomy (PEID) is also a
common approach for operation at the L5-S1 segment. This
method can effectively avoid occlusion of the iliac crest (8).
The most significant difference between PETD and PEID is
that PEID exposes the nerve tissue and then treats the disc,
whereas PTED treats the disc first and finally exposes the nerve
tissue. PEID causes greater stimulation of the nervous tissue,
and patients under local anaesthesia have poor intraoperative
tolerance and are more likely to have nerve injuries (9). The
endoscopic transiliac approach proposed by Choi ez al (10)
can reduce the working channel inclination and direct it to
the L5-S1 intervertebral foramen, lowering the possibility of
damaging the exiting root nerve. However, using this approach
results in the casing developing a narrow range of movement
after the establishment of the working channel, possibly
resulting in ilium fractures, gluteal epithelial nerve damage
and uncontrollable bleeding (4,8,9). These factors have limited
the development of the endoscopic transiliac approach.

Two percutaneous endoscopic operations, namely endo-
scopic discectomy via the intervertebral foramen approach
and endoscopic discectomy via the posterior interlaminar
approach, are currently available for L5-S1 lumbar disc
herniation; however, both these approaches have advantages
and disadvantages. Previous studies have demonstrated that
PETD is preferred for shoulder type recurrent disc herniation
that is centrally located, while PEID is preferred for axillary
type migrated discs, especially those of a high grade (8.9).
Numerous studies have proposed that a high iliac crest is
the major obstacle for PETD at the L5-S1 segment or even
the L4-L5 segment (4,9,11,12). However, a ‘high iliac crest’
itself is a vague definition without quantitative standards.
Furthermore, a study on the influence of the iliac crest on
L5-S1 segment surgery have rarely been reported (4).

In the present study, the TESSYS technique in PTED
invented by Hoogland (13) was used to treat 76 patients with
L5-S1 lumbar disc herniation. Furthermore, the clinical effects
of this technique and the influence of the iliac crest height on
the clinical effects were analysed.

Materials and methods

Inclusion criteria. The inclusion criteria were as follows: i) No
lumbar instability at the L5-S1 segments was shown on the
X-ray films taken in the lumbar dynamic position; ii) L5-S1
single-segment lumbar disc herniation; iii) no complications of
spinal diseases, including lumbar spinal stenosis, spinal defor-
mity and spinal tuberculosis and iv) ineffective conservative
treatment. A total of 76 patients with lumbar disc herniation,
including 46 male and 30 female patients aged 19-69 (mean

Figure 1. On the basis of the relationship between the highest point of the iliac
crest and the L4 and L5 pedicles on the lumbar lateral radiograph, patients
were divided into three groups. (A) Lateral radiography of the lumbar and
(B) corresponding schematic illustration. The dotted line above represents
the lower edge horizontal line of the L4 pedicle and the dotted line below
demonstrates the upper edge horizontal line of the L5 pedicle. I represents
iliac crest height below the upper edge horizontal line of the L5 pedicle.
II indicates the iliac crest height between the lower edge horizontal line of the
L4 pedicle and the upper edge horizontal line of the L5 pedicle. III represents
the iliac crest height above the lower edge horizontal line of the L4 pedicle.

age, 47.8+6.4) years, met the inclusion criteria and were
treated with the THESSYS technique at the Second Affiliated
Hospital and Third Affiliated Hospital of Xi'an Jiaotong
University between January and December 2016. The study
was approved by the Medical and Biological Ethics Committee
of Xi'an Jiaotong University Health Science Center, and all
participants signed the informed consent to the clinical study.
These patients were divided into the following three groups
according to the positional relation between the highest point
of the iliac crest and the L4 and L5 pedicles in the lateral
lumbar X-ray film: Group I, iliac crest height below the upper
edge horizontal line of the L5 pedicle (n=42); group II, with
iliac crest height between the lower edge horizontal line of
the L4 pedicle and the upper edge horizontal line of the L5
pedicle (n=29) and group III, iliac crest height above the lower
edge horizontal line of the L4 pedicle (n=5) (Fig. 1).

Operation methods. Patients were placed on their healthy
side (or on the side with mild symptoms if the patient has
symptoms on both sides). The puncture point was determined
via anteroposter fluoroscopy (10-12 cm in the midline after
paraperitoneal opening and 1 cm above the iliac crest). Then,
1% lidocaine was used for local anaesthesia. A sharp knife was
used to place the guide wire, guide rod, casing and ring saw
step by step at a site approximately 0.8 cm from the puncture
point incision. Finally, a 7.5 cm working casing was placed.
The intervertebral foramen mirror was connected to the light
source and camera when the fluoroscope shows that the normal
position of the tip of the working casing is on the inner edge
of the vertebral pedicle and laterally on the posterior edge
of the vertebral body (TESSYS technique). The degenerated
and herniated disc tissues were completely removed using
flexible nucleus pulposus forceps by rotating the working
channel during the operation, followed by radio frequency
haemostasis and ablation. The criteria for ending the operation
were S1 nerve root relaxation after decompression and normal
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Table I. Comparison of the general data of patients with disc herniation among the three groups.

Sex/number of cases

Number
Group of cases Agelyears Male Female Course/month VAS score/points ODI/points
Group I 42 46.9+7.2 19 23 12.3+2.6 7.8+1.2 52.1+£9.0
Group II 29 48.3+6.6 13 16 11.2+3.1 7.7+1.3 53.0+8.1
Group III 5 47.7£8.2 2 3 13.0£2.9 7.9+2.5 559499
Statistical tests F=0.342 %*=0.050 F=1.695 F=0.073 F=0.339
P-value 0.712 0.957 0.191 0.929 0.714

Comparison between all groups was performed with One-Way ANOVA and Tukey's tests. Comparison of sex between three groups was
examined using the % test. ODI, Oswestry disability index; VAS, visual analogue scale.

Table II. Comparison of VAS pain score and ODI of patients with disc herniation before and after the operation (mean + SD,
points).

Before 1 week 1 month 3 months 12 months

Parameter OoP after OP after OP after OP after OP F value P-value
VAS score of lower back 79+1.1 3.6x1.3* 2.4+0.9* 1.3+1.0° 1.5+1.3* 434.80 0.001
(n=61)

VAS score of lower limbs 7712 3.7+1.4* 1.7+£1.4* 1.7+1.1* 1.8+1.2° 318.90 0.001
(n=68)

ODI 52.3£9.6 11.6+7.8 10.9+8* 9.2+7.9* 10.0+£9.0* 367.30 0.001
(n=76)

Comparison between all groups was performed with One-Way ANOVA and Tukey's tests. “P<0.05 vs. before OP. ODI, Oswestry disability
index; VAS, visual analogue scale; OP, operation.

Figure 2. Photographs before and after PETD for L5-S1 lumbar intervertebral disc herniation in a 45-year-old woman. (A) Intraoperative images of the working
cannula in anteroposterior radiography of the lumbar. (B) Intraoperative images of the working cannula in lateral radiography of the lumbar. The upper edge
of the L5 pedicle is shown in black, and the iliac crest is slightly below this line in this case. (C) Preoperative sagittal section of lumbar magnetic resonance
imaging. (D) Preoperative transverse section of lumbar magnetic resonance imaging showing right-sided subaxillary herniation at the L5-S1 segments and
a large herniated disc that compresses the dural sac and the right S1 nerve root. (E) Postoperative sagittal section of lumbar magnetic resonance imaging
at 1 month after the operation. (F) Postoperative transverse section of lumbar magnetic resonance imaging at 1 month after the operation showing that the
herniated L5-S1 disc has disappeared and that the dural sac and the S1 nerve root compression on the right side has been relieved. (G) The decompressed nerve
roots can be seen after complete removal of the herniated disc tissue.


https://www.spandidos-publications.com/10.3892/etm.2021.10298

4 SONG et al: CREST HEIGHT ON CLINICAL EFFECTS OF L5-S1 LUMBAR DISC HERNIATION TREATED WITH PETD

pulsation of the dural sac area or collapse of the posterior £ o =)
longitudinal ligament. EC 199 % E =
ES | 2233
o B - e
Evaluation indicators. The duration of each operation was -
recorded, perioperative complications were observed and the
Oswestry Disability Index (ODI) (14) and Visual Analogue § % % © ‘[3\ © o
Scale (VAS) (15) of the lower back and lower limbs before . | 8 5 HHHE g
operation and 1 week and 1, 3 and 12 months after the opera- - % g g |~ " Yoo
tion were evaluated. Higher VAS scores indicate more severe 9} £
pain, and higher ODIs indicate more serious dysfunction. 2 8 - a .
IS 20 | o~ & T O
Statistical analysis. The statistical software SPSS 18.0 (IBM £ Sp | dd 288
Corp.) was used for data analysis. Data are presented as the 2 —- 5 © e
mean + SD. Repeated measures analysis of variance was used 5
for comparisons before and after the operation, followed by a :)0 ~ % w o go o o
Tukey's post hoc test for comparisons among groups. One-Way g S5 dgd " S
ANOVA was performed for the comparisons between three - ~E | T "o
groups, and the Tukey's post hoc test was used for the compari- =
sons among groups. The differences of sex between three %D a
groups were examined using the y” test. P<0.05 was considered c% £ o 2 :’2 -
statistically significant. g é % 3 3 E 58
Results § = E 23 X "
&
Baseline data of patients. Differences in sex, age, disease % sa | = o ?\
course, VAS, ODI ar.ld.other g.enf:ral data among the three L g o g g 2 ® o g
groups were not statistically significant (all P>0.05). These _g g 5| A& a g g =
data were therefore comparable (Table I). § g|e B 2G Eé)_
= S -
Comparison of VAS and ODI scores before and after the “5 % ?.31
operation. All 76 patients successfully underwent surgery 2 <>C <+ — & =
. . . . S < A N NN oo 3]
Wlth a mean operating time of 86.5+13.5 min and a mean = £ 9 == ?l ® S §
1ntraoperat1v§ haemgrrhage of 23.0111.4§ ml. One patient ‘g Eg |l g <@ % S | B
had cerebrospinal fluid leakage due to a mild tear of the dura 2 A RN E
mater during the operation, which improved after symp- 3 T‘:
tomatic treatment. The same operation was repeated in one E ) Z
patient due to recurrence of disc herniation, after which the S ¥ & Sd€9co | o
patient's condition improved. The follow-up period was 12-17 z Q% TS <
(mean 12.4+2.4) months. No complications, including epidural g -5 HFETQ° <
haematoma, incision infection, lumbar instability and refrac- 8, oA e é
tory low back pain, occurred during the follow-up period. g =
Among the 76 patients followed-up, 61 had low back pain and g o E E
68 had radiating pain in the lower limbs before the operation. i Z %
As shown in Table II, the VAS scores and ODI of the lower "; £ _c:%o SRS |z
back and lower limbs were significantly improved in both 'é § Elgageg §
groups after the operation (P<0.05). '§ = § &
= = o
Comparison of intraoperative conditions and postoperative % 8
clinical effects between the three groups. As shown in S = =]
Table 111, the differences in the duration of operation, amount Ed § g a <+ o 2x g‘
of intraoperative bleeding and the VAS score and ODI of 5 g % a3 A @ d &
the lower back and lower limbs at each time point after the é) A s ©® g
operation between group III and groups I and II were statis- o) =
tically significant (P<0.05), while those between group I g - v
and group IT were not statistically significant (P>0.05). 2 CE |l aaown £
Intraoperative complications occurred in two patients with & ;2 s T E-
high iliac crest in group III. One had cerebrospinal fluid § go
leakage due to a mild tear of the dura mater during the opera- — = ¢
tion, which improved after symptomatic treatment. The same ﬁ ol aa e 28 |1
operation was repeated in another patient due to recurrence CT% § § § E s § <
= Ol 000 A~ | &




%ﬁ SPANDIDOS
'3,‘ PUBLICATIONS

of disc herniation, after which the condition of this patient
improved (Fig. 2).

Discussion

Advantages and effects of the TESSYS technique on
the treatment of lumbar disc herniation. In 2002,
Hoogland et al (13) proposed the TESSYS technique on
the basis of the Yenug Endoscopic Spine System technique,
resulting in advances in PETD. The TESSYS technique points
the puncture target to the posterior edge of the vertebral body,
adding a special ring saw at the same time to partially excise
the bony structure of the intervertebral foramen, and enters
the spinal canal through the enlarged intervertebral foramen.
These steps achieve direct decompression and spinal canal
decompression, broaden the indications and improve the treat-
ment level of lumbar disc herniation. At present, this technique
can treat almost all types of lumbar disc herniation (including
giant, prolapsed and revision operation) (16). The technique
is also suitable for treating lumbar spinal stenosis, nerve root
canal stenosis and other diseases (17,18).

Numerous studies have shown that the treatment of lumbar
disc herniation using PETD can achieve the same effect
observed using traditional open operation or microendoscopic
discectomy (19-22). Furthermore, this technique is a safe and
effective minimally invasive method. The results of this study
also showed only small amounts of intraoperative bleeding,
significantly improved VAS pain scores and ODI of the lower
back and the lower limbs at each time point and low incidence
of intraoperative complications, which is similar to previous
studies (21-23).

Patients' iliac crest height and operative approaches. For
patients with L5-S1 disc herniation, the puncture angle of
the intervertebral foramen approach to the herniated nucleus
pulposus is steep, due to the presence of anatomical factors,
such as high iliac crest, large zygopophysis at S1 and large
inclination of the L5-S1 intervertebral space, resulting
in certain difficulties during operation. Choi et al (9) have
suggested that the highest point of the iliac crest above the
L5 pedicle will make the operation via the intervertebral
foramen approach less effective. Because the L5-S1 inter-
laminar space is relatively wide, scholars have also suggested
solving disc herniation caused by high iliac crest via an inter-
laminar approach (24). Ruetten et al (25) reported that the
interlaminar approach was selected in 94.7% of the patients
with L5-S1 disc herniation and that the operative effects were
excellent. However, other scholars suggest that for L5-S1
intervertebral disc herniation with upper and lower migration,
the intervertebral foramen or intervertebral lamina approach
drilled through the ilium may be more effective (26,27). The
results of the present study suggest that during the excision
of the nucleus pulposus by the interlaminar approach for the
treatment of L5-S1 intervertebral disc herniation, the effect
of local anaesthesia was poor, and the average VAS pain
score was high. Therefore, the majority of patients continued
the operation after optimizing anaesthesia with general
anaesthesia. At present, the operation is usually performed
through an interlaminar approach under general anaesthesia
to avoid failure procedure (28,29), To encourage cooperation
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of patients under local anaesthesia, the intervertebral foramen
approach was still adopted for patients with high iliac crest in
the current study.

Influence of patients' iliac crest height on the operative effect
of the TESSYS technique. A high iliac crest is a major obstacle
to percutaneous endoscopic lumbar discectomy at the L5-S1
segment (4,24). However, a ‘high iliac crest’ itself is a vague
definition without quantitative standards. In the present study,
the height of the iliac crest above the horizontal line of the
lower edge of the L4 pedicle demonstrated a significant influ-
ence on the postoperative effect of TESSYS. The postoperative
ODI and VAS scores of the lower back and lower limbs in
group III were much lower than that those in groups I and II,
and the degree of pain relief and functional recovery of the
lower back and lower limbs after operation in group III was
also lower than those in groups I and II; one patient with
recurrence and one with dural tear were also from the high
iliac crest group. Choi and Park (4) and Choi et al (9) suggest
that, in lateral PETD, iliac crest height has different effects on
different types of herniation in the treatment of L5-S1 inter-
vertebral disc herniation and is more effective for shoulder and
lateral herniations; however, the present study did not perform
group comparison based on types of herniations. The current
study revealed that the operative space was limited, as a lateral
approach would be seriously obstructed by the L5 transverse
process or one sacral transverse process relic in case of high
iliac crest; therefore, it is difficult to adjust the working casing
during the operation.

In practice, the operation can usually be performed success-
fully when iliac crest height is below the upper edge horizontal
line of the L5 pedicle in the present study. In addition, the
current study revealed that the operation can be completed
by experienced operators when iliac crest height is between
the lower edge horizontal line of the L4 pedicle and the upper
edge horizontal line of the L5 pedicle. Moreover, alternative
approaches are recommended when iliac crest height is above
the lower edge horizontal line of the L4 pedicle. The opera-
tive position also has a certain effect on the puncture angle. In
Choi et al (9) study patients were placed in a prone position.
However, in the present study, patients were placed in a lateral
position with a cushion under the lower back to open the inter-
vertebral foramen to a certain extent. In such a case, the upper
edge of the ilium has a certain downward movement relative
to the level of L5-S1, which is conducive for the removal of the
prominent nucleus pulposus, which may be the main reason
for the good effects in group II in this study.

For L5-S1 disc herniation with a high iliac crest, although
the angle of the transforaminal puncture is high, intervertebral
foramen formation and the lateral position of the patients can
broaden the operative field. Therefore, the target is easily
reached and the range of decompression increases (4,30). As
a result, even for patients with high iliac crest, the VAS score
and ODI were significantly improved after the operation,
fully indicating the exact effect of the TESSYS technique. In
the present study, VAS score and ODI of patients showed an
increase at 1 year postoperatively, but there was no significant
difference, which may be due to application of drugs to relieve
pain at an early stage, tiredness after returning to work in the
later stage, or it may be caused by the small sample size. To
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avoid spinal instability, the superior articular process was
ground as much as was possible to ensure that the range of
resection of the S1 superior articular process was less when
the intervertebral foramen was formed. Therefore, no spinal
instability was observed during the 1-year follow-up visit.

In the present study, only one patient had cerebrospinal
fluid leakage and one had postoperative recurrence, which is
consistent with the incidence of complications reported in the
literature (24). Both complications occurred in patients with an
iliac crest height above the lower edge horizontal line of the L4
pedicle. For patients with high iliac crest, operation should be
performed carefully. Measures such as complete decompres-
sion, delaying postoperative off-bed activities, or expansion of
the intervertebral foramen and selection of the intervertebral
lamina approach as appropriate should be considered to reduce
the incidence of complications.

The relationship between the iliac crest and L4 and L5
pedicles in the lumbar lateral X-ray film was used to grade
iliac crest height, which effectively avoided individual
anatomical differences, such as sex, height and transitional
vertebrae. It objectively reflected the influence of the iliac
crest on PETD, which was convenient for the operator to
evaluate the operation difficulty and had an effective guiding
role in the selection of the surgical approach. However, one
limitation of the present study is that only the iliac wing
height, not the wing area, was considered, as the occlusion
of the iliac wing margin from front to back may also have a
great impact on the operation of the L5-S1 segment. In addi-
tion, the sample size of group III in this study was small,
which may have biased the results. Therefore, future studies
will require an increased sample size and assess the influence
of the iliac wing on the operation to obtain more convincing
conclusions.

The present data suggest that the TESSYS technique is
effective in treating lumbar disc herniation. Whether the iliac
crest is higher than the lower edge horizontal line of the L4
pedicle is one of the factors influencing the operative outcome.
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