1230

© 2020 THE AUTHORS. ORTHOPAEDIC SURGERY PUBLISHED BY CHINESE ORTHOPAEDIC ASSOCIATION AND JOHN WILEY & SONS AUSTRALIA, LTD.

CLINICAL ARTICLE

Low Back Pain Induced by Posterior Longitudinal
Ligament Incision in Percutaneous Transforaminal
Endoscopic Lumbar Discectomy

Wei Lin, MD @, Wen-ting Ma, MD, Yuan Xue, MD, PhD

Department of Orthopaedic Surgery, Tianjin Medical University General Hospital, Tianjin, China

Objective: To illustrate the posterior longitudinal ligament is one of the tissue candidates who can contribute to low
back pain (LBP).

Methods: This is a retrospective study. A series of 72 patients who underwent single-level percutaneous endoscopic
lumbar discectomy performed for lumbar disc herniation with LBP from June 2014 to June 2016 were examined. There
are 42 males and 30 females. The ages of patients were 40 to 57 years, and the mean age was 49.8 years. The
symptomatic disc level was at L4 5 in 43 patients and LsS1 in 29 patients. Thirty-two patients (19 patients in Ly 5 disc
level, 13 patients in LsS, disc level) had LBP (which was limited to the lower back and buttock area) before the opera-
tion. All of the operative approaches were performed under local anesthesia. A posterior body diagram (15 cm x 10
cm) was made for this study to record the pain distribution. The centered foci of low back pain were subjectively
recorded before, during, and after the operation. The transforaminal endoscopic spine system technology was used in
this study. Radiological examinations (X-ray, computed tomography, and magnetic resonance imaging) were performed
prior to and after surgery. The Visual Analogue Score (VAS) and Oswestry Disability Index (ODI) scores were taken
before and after the surgery to observe the degree of pain. The VSA and ODI score before and after operation were
expressed as mean + SD, and compared by t-test for statistical analysis.

Results: When inciting the posterior longitudinal ligament during the operation, all 72 patients had provoked low back
pain. Forty-three patients with symptomatic discs at L4 5 had pain foci in the lower back and upper gluteal region under
the L4 spinous process. Twenty-nine patients with symptomatic discs at LsS, had pain foci in the gluteal region under
the S, spinous process. The pain localizations of L4 5 and LsS, were different. After the surgery, the provoked low back
pain disappeared, and had not returned in any of the patients at the 6-month follow-up. After the operation, one patient
suffered from lower limb pain that he did not have before the operation, and the lower limb pain abated a few days
later. Three patients had cerebrospinal fluid leakage and were treated with higher pressure applied on the incision and
bed rest for 10 days. During the 6-months follow-up period, the mean VAS decreased from 5.97 £+ 1.10 to 2.13 +
0.78. The mean ODI score decreased from 23.14 + 3.28 to 7.92 + 1.85.

Conclusions: The intervertebral posterior longitudinal ligament may be one of the tissues from which low back pain
originates.
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Introduction
Low back pain (LBP) is the most common cause for
chronic or permanent impairment in adults under the
age of 65 years, and the most common cause of activity limi-
tations in persons under the age of 45 years'. LBP is defined
as pain on the posterior aspect of the body from the lower
margin of the twelfth rib to the lower gluteal folds with or
without pain referred into one or both lower limbs that lasts
for at least 1 day"?. LBP is extremely common, and is the
leading cause of years lived with disability in both developed
and developing countries, and is sixth in terms of overall dis-
ease burden (disability adjusted life-years)’. Though esti-
mates vary widely, studies in developed countries report
point prevalence of 12% to 33%, one-year prevalence of 22%
to 65%, and lifetime prevalence of 11% to 84%®. LBP is a
symptom-related reason which is second to upper respiratory
problems for patients to visit a physician.
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LBP is recognized as a complex, challenging condition
with widespread adverse consequences for patients including
physical disability, disturbed sleep, psychosocial disruption
and increased use of healthcare resources™. Some study
indicated that LBP is more trouble as a symptom rather than
a disease, even several lumbar or sacral disorders were con-
firmed contributing to LBP but it does not have a known
pathoanatomical cause'. Many lumbar or sacral diseases are
confirmed to give rise to LBP, such as lumbar disc hernia-
tion, lumbar instability or deformity, spondylolisthesis,
malalignment, and spondyloarthropathy. Experimental stud-
ies suggested that LBP may originate from many spinal
structures, including ligaments, facet joints, the vertebral
periosteum, the paravertebral musculature and fascia, blood
vessels, the anulus fibrosus, and spinal nerve roots’. Perhaps
most common are musculoligamentous injuries and age-
related degenerative processes in the intervertebral discs and

Fig. 1 Decompression under visual control. (A) and (B) showed the image of PLL before the decompression. The decompression was performed
under visual control and gravity-controlled liquid flow. To expose the lumbar disc, the PLL need to be incited. (C) showed the PLL was incited and only
during the PLL incision, the patients had pain provoked. (D) showed the operated disc and the protruded nucleus pulposus has been removed.
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facet joints. Other common problems include spinal stenosis
and disk herniation®. Some patients with LBP can have no
pathological change. While LBP in a patient can be a symp-
tom associated with several diseases mentioned above. Clini-
cal practice guidelines state that the tissue source of LBP
cannot be specified in the majority of patients. If the tissue-
source of LBP could be identified, this may lead to more log-
ical, and effective, interventions. That will be of great signifi-
cance for the pain management of the elderly, with the
development of an aging society.

Our understanding of the causes of LBP has evolved over
the past century’ ™. Nevertheless, identifying a definitive source
of LBP between the intervertebral discs, the zygapophysial
(facet) joints, and sacroiliac joints is still a major challenge, and
few study focus on the posterior longitudinal ligament
(PLL)*>'*'*, Discography, MRI, CT, and ultrasound had been
used to identify the source of LBP'>™'®, but few studies have
explored the origin of LBP through the operation'*.

Common back surgeries include fusion for
nonradicular low back pain with degenerative changes (most
frequently degenerative disc disease with presumed dis-
cogenic back pain), discectomy for radiculopathy with herni-
ated lumbar disc, and decompressive laminectomy (with or
without fusion) for symptomatic spinal stenosis with or
without degenerative spondylolisthesis. Other surgical tech-
niques include artificial disc replacement as an alternative to
fusion, and an interspinous spacer device as an alternative to
decompressive laminectomy'”. In common lumbar decom-
pression surgery, the reason why the PLL associated pain
had not been found might be that part of the facet joint
needs to be removed and nerve roots might be stimulated
when we resecting the PLL during surgery, and the pain cau-
sed by PLL resection was covered by facet joint pain or nerve
roots stimulation. In this study, the percutaneous trans-
foraminal endoscopic system can avoid nerve roots stimula-
tion and can incite PLL without resecting facet joint.
Advantages of endoscopic spine surgeries are less tissue dis-
section and muscle trauma, reduced blood loss, less damage
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T Fig. 2 L, 5 Foci of the pain recorded before
v the operation. (A) Foci of the pain from L4s.
(B) Foci of the pain from LsS,. For purposes of
illustration only, pain is depicted as unilateral
I to the left. The distribution of LBP foci from L4.5

was in lower back and upper gluteal regjon
under the L4 spinous process, while LsS, had
pain foci in the gluteal region under the S,
spinous process.

to the epidural blood supply and consequent epidural fibrosis
and scarring, reduced hospital stay, early functional recovery
and improvement in the quality of life, and better cosmesis.

Fig. 3 Foci of the pain provoked by PLL incision at each lumbar level.
The distribution of LBP foci from L4.5 was in lower back and upper
gluteal region under the L4 spinous process, while LsS4 had pain foci in
the gluteal region under the S, spinous process. There is an
overlapping region between the pain foci of L4 5 and LsS,. For purposes
of illustration only, pain is depicted as unilateral to the left.
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Therefore, this retrospective study explored the LBP
origination. The aim of the present study was: (i) to recorded
the LBP distribution of different disc levels before, during, and
after operation; (ii) to compare the LBP distribution before,
during, and after operation; (iii) to explore the original tissue
of LBP and provide doctors with a target for LBP treatment.

In this study, we reviewed an entire 2-year series of 72
patients who underwent single-level PLL incision during a
percutaneous endoscopic lumbar discectomy (PELD) under
local anesthesia. We recorded the LBP distribution before
the operation, the provoked pain distribution during PLL
incision in a body diagram; observed patient recovery by
recording whether the provoked pain remained or not after
operation, and whether the LBP remained or not during the
follow-up period and radiological examinations; compared
the pain distribution before the operation to the pain distri-
bution after the operation; and illustrated that PLL is one of
the candidates that can contribute to the LBP.

Lsp INDUCED BY PLL INCISION

Materials and Methods

Patient Information
From June 2014 to June 2016, the inclusion for patients in this
study were the following: (i) patients had neurogenic claudica-
tion with or without LBP; (ii) magnetic resonance imaging
findings of lumbar disc herniation; (iii) conservative treatment
failed to relieve neurogenic claudication; (iv) received PLL
incision during PELD surgery under local anesthesia; and (v)
pain distribution could be recorded before, during, and after
the surgery. Exclusion criteria: (i) the patients had sciatica; (ii)
the LBP pain was caused by a problem outside of the lumbar
spine (e.g., leaking aortic aneurysm); (iii) a specific, known
disorder affecting the lumbar spine (e.g., epidural abscess,
compression fracture, spondyloarthropathy, malignancy,
cauda equina syndrome); and (iv) radiculopathy.

Finally, 72 patients (42 males and 30 females; 40 to
60 years old, mean 49.8 years old) who underwent PELD under

Fig. 4 The patient (male, 46 years old) who received PELD (LsS1) and had LBP and neurogenic claudication before the operation. (A) and (B)
Preoperative MRI of sagittal and axial of the lumbar spine showed the LsS, disc herniation and spinal stenosis. The patient indicated the pain
provocation during the PLL incision and the pain is similar to his LBP before the operation. (C) and (D) Postoperative MRI indicated that the disc

herniation was cleared the decompression was successful.
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local infiltration anesthesia without intravenous sedatives were
included in this study. The symptomatic disc level was at L, s
in 43 patients and LsS; in 29 patients. Thirty-two patients (19
in Lys, 13 in LsS;) had LBP (which was limited to the lower
back and buttock area) before the operation. Magnetic reso-
nance imaging (MRI), computed tomography (CT), and plain
X-rays were performed on all the patients before and after sur-
gery. Authors had access to information that could identify
individual participants during or after data collection.

Recording Procedure

A posterior body diagram (15 cm X 10 cm) was made for
this study. The doctors interviewed each patient and
recorded the location of their pain-centered foci on the body
diagram before the operation. The provocation of pain dur-
ing the incision of PLL was described by patients. After the
surgery, the pain center foci distribution during PLL incision
was also recorded on a body diagram. Each patient could
only indicate one spot (the most painful area, 5 mm in diam-
eter on the body diagram) on the diagram to point out the
focus of the provoked LBP. The localization of the pain focus
from each disc level was collected. The patients were asked
to make a mark on the body diagram again after surgery and
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at follow-up to identify any remaining LBP. All of the pain
foci diagrams were overlaid one by one after removing the
background color with Photoshop CSé6.

Surgical Technique

Step 1: The patients were placed in prone position under
local infiltration anesthesia. The local anesthetic was 60 mL
0.5% lidocaine. The symptomatic disc was localized using C-
arm fluoroscopy. The location of the skin incision was
marked.

Step 2: The percutaneous posterior-lateral approach
was conducted under orthogonal radiologic control in two
planes under local infiltration anesthesia and the patients
were awake for the procedure. The PLL were not anesthe-
tized to avoid the lumbar cord block. The PLL was exposed
through a posterolateral work approach via the intervertebral
foramen with the transforaminal endoscopic spine system
(TESSYS) technology.

Step 3: The decompression was then performed under
visual control and gravity-controlled liquid flow (Fig. 1A,B).
The PLL was incited to expose the lumbar disc (Fig. 1C).
Then the protruded nucleus pulposus in the spinal canal was
removed with a nucleus pulposus clamp through the

Fig. 5 A 42 years old male patient
who under PELD (L4.5) and had
neurogenic claudication without LBP
before the operation. (A) Sagittal
preoperative MRI of the lumbar spine
showed the L, 5 disc herniation and
spinal stenosis. The patient also
indicated the pain provocation during
the PLL incision and the pain
disappeared when the PLL incision is
over. (B) Postoperative MRI indicated
that the decompression was
successful. On the first postoperative
day, the patient was able to get out of
bed with protection of the waistline.
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intervertebral foramen (Fig. 1D). The compressed epidural
and nerve root adhesion were released, and the salient fiber
ring was ablated with a radiofrequency electrode. During the
whole visually controlled resection, there was no pain except
during the PLL incision. The patients were allowed to get
out of bed the next morning with protection of the waistline.

Postoperative Evaluation

Surgical outcomes were assessed by reviewing the clinical
data and imaging examinations from before surgery, and
6 months postoperatively. The Visual Analogue Scale (VAS)
and Oswestry Disability Index (ODI) were taken before and
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after the surgery to observe the degree of pain. A postopera-
tive MRI within 2 days after surgery was taken to see
whether or not the herniated disc disappeared outside of the
disc boundary.

Visual Analogue Scale (VAS)

The VAS is a measure made that using a ruler, the score is
determined by measuring the distance (cm) on the 10-cm
line between the “no pain” anchor and the patient’s mark,
providing a range of scores from 0-10. A higher score indi-
cates greater pain intensity. Based on the distribution of VAS
scores in post-surgical patients who described their

AF TJ TCM First ..

Fig. 6 A 60 years old male patient who under PELD (LsS4) and had LBP and neurogenic claudication before the operation. (A), (B) and (C) Sagittal
and axial preoperative MRI of the lumbar spine showed the LsS, disc herniation and spinal stenosis. (D), (E) and (F) Postoperative MRI indicated that
the spinal canal is clear and the herniated disc had been removed clearly. On the first postoperative day, the patient suffered from right lower limb
pain that he did not have before the operation, and the lower limb pain abated in 1 week.
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postoperative pain intensity as none, mild, moderate, or
severe, the following cut points on the pain VAS have been
recommended: no pain (0-2), mild pain (3-5), moderate
pain (6-8), and severe pain (8-10). Normative values are not
available. The scale has to be shown to the patient otherwise
it is an auditory scale not a visual one.

Oswestry Disability Index (ODI)

ODI is a principal condition-specific outcome measure used
in the management of spinal disorders and to assess patient
progress in routine clinical practice. The ODI score system
includes 10 sections: pain intensity, personal care, lifting,
walking, sitting, standing, sleeping, sex life, social life, and
traveling. For each section of six statements the total score is
5. Intervening statements are scored according to rank. If
more than one box is marked in each section, take the
highest score. If all 10 sections are completed the score is cal-
culated as follows: total scored out of total possible score
X 100. If one section is missed (or not applicable) the score
is calculated: (total score/(5 X number of questions
answered)) X 100%. Scores of 0%-20% are considered mild
dysfunction, 21%-40% is moderate dysfunction, 41%-60% is
severe dysfunction, and 61%-80% is considered as disability.
For cases with score of 81%-100%, either long-term bedrid-
den, or exaggerating the impact of pain on their life.

Statistical Analysis

Data were entered and analyzed using the IBM SPSS 20.0
(International Business Machines Corporation, Armonk,
New York, USA). The VSA and ODI score before and after
operation were expressed as mean £ SD, and compared by
t-test for statistical analysis. A P-value less than 0.05 was
considered as statistically significant (P < 0.05).

Results

Pain Recordation and Distribution

Seventy-two patients who received a single-level decompres-
sion had LBP responses only when inciting the PLL. Thirty-
two patients (19 in Ly_s, 13 in LsS;) had LBP before the oper-
ation. The distribution of LBP foci before the operation is
shown in Fig. 2, and the distribution of LBP foci provoked
during PLL resections is shown in Fig. 3. For purposes of
illustration only, pain is depicted as unilateral to the left.
Forty-three patients with symptomatic discs at L, s had pain
foci in the lower back and upper gluteal region under the L,
spinous process. Twenty-nine patients with symptomatic
discs at LsS; had pain foci in the gluteal region under the S,
spinous process. The incision taken during the operation was
unilateral, and examination of the data showed that the loca-
tions of the pain foci during the operation were all unilateral.
When the incision was over, the provoked LBP disappeared
in all patients, and all stated that there was no remaining
provoked pain after the operation and no remaining LBP
during the follow-up period.
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Functional Evaluation

After 6-months follow-up, neurogenic claudication was
improved in 72 patients (100%). The mean VAS scores of
post-operation patients were significantly better than that of
pre-operation patients (2.13 £ 0.78 vs 597 £ 1.10,
P < 0.001). The mean ODI scores of post-operation patients
were better than that of pre-operation patients (7.92 £+ 1.85
vs 23.14 £ 3.28, P < 0.001). The percutaneous transforaminal
endoscopic lumbar discectomies the patients received in this
study were successful. The MRIs of three patients before and
after the operation are shown in Figs 4-6.

Complications

One patient suffered from lower limb pain that he did not
have before the operation, and the lower limb pain abated a
few days later. Three patients had cerebrospinal fluid leakage
and were treated with higher pressure applied on the incision
and bed rest for 10 days. No patients developed a surgical
site infection, epidural hematoma, or other serious
complications.

Discussion

Historical Background

The origination tissues of LBP have been explored in many
studies in the past years’™. Zygapophysial (facet) joints, disc
and sacroiliac joints are still considered the major original
tissues of LBP*'°"'*, Discography, MRI, CT, and ultrasound
have been used to identify the source of LBP">"'®. Schwarzer
et al.'' found that a diagnosis of internal disc disruption can
be made in a significant proportion of patients with chronic
LBP, but no conventional clinical test can discriminate
patients with internal disc disruption from patients with
other conditions. Falco et al.'* used facet joint nerve blocks
to study the facet joint pain. In the previous studies, few
studies focused on PLL.

Pain Distribution

The distribution of LBP foci from L,_5 was in lower back and
upper gluteal region under the L, spinous process, while Ls-
S; had pain foci in the gluteal region under the S; spinous
process. The distributions were similar to the pain pattern
which McCall et al.?® made for facet joints in L; , and Ly,
while our patients did not complaint about the pain distribu-
tion in the anterior part of thigh.

Pain Disappearance

The immediate disappearance of provoked pain after opera-
tion and the absence of LBP during follow-up indicated that
the percutaneous transforaminal endoscopic lumbar dis-
cectomies were successful. However, further studies are
needed to compare the surgical outcomes between the
patients who underwent PLL resection and patients who kept
the PLL in the lumbar decompression.
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LBP Originates from PLL

Due to the provoked LBP that appeared only when inciting
the PLL and disappeared post-operation, and the pain pro-
voked during the PLL incision was localized in a similar way
to before the operation, this study of PLL incision in percuta-
neous endoscopic lumbar discectomy shows fair evidence
that the PLL is one of the tissue candidates who can contrib-
ute to the LBP. Bogduk found that the sinuvertebral nerves
supplied the PLL*'. The sinuvertebral nerve divides into
ascending, descending, and transverse branches. The trans-
verse and descending branches supply the PLL at the level
entry of the nerve while the ascending branch passes to the
next higher level where it overlaps with the supra-adjacent
nerve. This may explain why the pain localizations from the
adjacent disc level are partially overlapped and indicate that
the LBP during PLL incision may be provoked by the inci-
sion of the sinuvertebral nerves. The sinuvertebral nerves
also supplied the same level of the facet joints. In further
studies, it might be feasible to study LBP by focusing on the
sinuvertebral nerves.

Limitation of Study

The limitation of this study was that while it could identify
that the PLL were sources of LBP, it could not identify other
tissues from which LBP may have originated, such as the
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sacroiliac joints and facet joints. The relationship of all tis-
sues associated with LBP need more studies to explore it
fully. And it is expected that imaging can diagnose PLL asso-
ciated LBP before the operation with the development of
medical imageology. It was unclear whether the local anes-
thetic may have affected the judgment of patients or not. In
the further research, a more objective measurement will be
needed to identify the whole range of LBP distribution in
patients.

Conclusions

LBP, which was similar to the pain patients had before the
operation, was aggravated intraoperatively only during the
PLL incision, and disappeared postoperatively, which implied
that the intervertebral PLL may be a source of LBP.

Ethical Approval

I procedures performed in studies involving human

participants were in accordance with the ethical stan-
dards of the institutional and/or national research committee
(Ethical Committee of Tianjin Medical University General
Hospital, Ethical NO. IRB2014-YX-047) and with the 1964
Helsinki Declaration and its later amendments or compara-
ble ethical standards.
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