Original Article

The compression of L5 nerve root, single or double sites?—
radiographic graded signs, intra-operative detect technique and
clinical outcomes

Ai-Min Wu"** Kai Zhang", Xun-Lin Li", Xiao-Fei Cheng', Tang-Jun Zhou', Lin Du', Chen Chen', Hai-
Jun Tian', Xiao-Jiang Sun', Chang-Qing Zhao', Yan Michael Li’, Jie Zhao'

'Department of Orthopaedic Surgery, Shanghai Ninth People’s Hospital, Shanghai Jiao Tong University School of Medicine, Shanghai Key
Laboratory of Orthopaedic Implants, Shanghai 200011, China; ‘Department of Spine Surgery, Zhejiang Spine Surgery Centre, Orthopaedic
Hospital, The Second Affiliated Hospital and Yuying Children’s Hospital of the Wenzhou Medical University, The Second School of Medicine
Wenzhou Medical University, The Key Orthopaedic Laboratory of Zhejiang Province, Wenzhou 325035, China; *Department of Neurosurgery,
University of Rochester School of Medicine and Dentistry, Rochester, NY, USA

"These authors contributed equally to this work and are co-first authors on this work.

Correspondence to: Jie Zhao, MD, PhD. Department of Orthopaedic Surgery, Shanghai Ninth People’s Hospital, Shanghai Jiao Tong University
School of Medicine, Shanghai Key Laboratory of Orthopaedic Implants, 639 Zhizaoju Road, Shanghai 200011, China. Email: profzhaojie@126.com.

Background: The L5 nerve root could be compressed at both 1.4-5 and L5-S1 regions. If L5 nerve root
has confirmed compression at L4-5 level and questionable compression at L5-S1 foramina, performing
both surgeries at 1.4-5 and L5-S1 levels may induce unnecessary extra surgery on L5-S1; however, ignoring
foraminal stenosis of L5/S1 may require re-exploration.

Methods: Two hundred seventeen patients with L5 nerve root compressed at L4-5 lateral access were
performed with L4-5 decompression and interbody fusion. Lee ez al. grade classification was used to assess
the foraminal stenosis of L5-S1 preoperatively. Nerve root probe was designed and used to detect if there
were foraminal stenosis at L5-S1 level that compressing the exiting L5 nerve root. Visual analog scale (VAS)
of low back pain, leg pain and Oswestry Disability Index (ODI) were used to assess clinical outcomes.
Results: For all of 217 patients who underwent L4-5 surgery, L5-S1 foramina were preoperatively assessed
as: grade 0: 125 cases, grade 1: 58 cases, grade 2: 23 cases, and grade 3: 11 cases. After intra-operative L5
nerve root detection, 11/11 patients with grade 3 radiographic foraminal stenosis, 6/23 (26.1%) with grade 2
and 2/58 (3.4%) who had grade 1 underwent L4-5 and L5-S1 transforaminal lumbar interbody fusion (TLIF),
the others received only L4-5 TLIF. Compared to pre-operative baseline data, both L4-5 TLIF and L4-5
and L5-S1 TLIF groups had significant decreased VAS of low back pain and leg pain, and ODI at 3 and
24 months after operation.

Conclusions: We suggested that our novel nerve root probe combined with pre-operative radiographic
grade may be helpful to surgeons to identify the single or double compression of L5 nerve root and make
a more precise surgical strategy to improve surgical outcome than the method depended on pre-operative

radiographic grade alone.
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Introduction

Lumbar stenosis is one of the most common spinal
disorders, may induce clinical symptoms of pain in the
buttock or lower extremity, and intermittent neurogenic
claudication, with or without low back pain (1-3), the
surgical intervention will be recommended if patients are
with no response to conservative management (4-6).

The L4-5 and L5-S1 levels were common sites of
lumbar stenosis; the L-5 nerve root could be compressed
at L4-5 and/or L5-S1 regions. At L4-5 regions, the L5
nerve root could be compressed at lateral recess, while at
L5-S1, the exiting L5 nerve root could be compressed
by foraminal stenosis. In the majority of patients, the L5
nerve compression is at single site, but there are also many
patients, who have L5 nerve compressed at both L4-5
lateral recess and L5-S1 foraminal stenosis, and it was
reported that the lumbar foraminal stenosis was not rare
(7-9). A cadaveric study found that the lumbar foraminal
stenosis in 21 out of 100 lumbar foramina examined (10).

But the clinical L5/S1 foraminal stenosis was often
unrecognized (9) and accounted as the main reason for
the failed lumbar surgery with continued post-operative
symptoms (11-13). The problem was that when we observed
L5 nerve root was compressed at L4-5 lateral recess at
pre-operative radiographic images, and we also found
the same L5 nerve root was crushed at L5-S1 foramina.
To perform both surgery on L4-5 and L5-S1 levels may
induce unnecessary additional surgery on L5-S1. If we only
performed the surgery at L4-5 level, some patients might
still have continued post-operative symptoms at L5/S1,
which might require secondary surgery.

To overcome this problem by taking a more precise
surgery, we used an intra-operative nerve root probe and
combined it with the pre-operative radiographic grade to
detect whether there were L5-S1 foraminal stenosis and the
need to extend to the L5-S1 surgery.

Methods
Patient population

Between January 2013 and October 2015, 217 patients (88
males and 129 females) were included in this study. All of
the included patients had pre-operative anteroposterior
and lateral films, CT scans, and MR images. L5 nerve root
was compressed at L4-5 lateral access, and the symptoms
were identified at L5 nerve root, needed to be performed
L4-5 decompression and interbody fusion. However, parts
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of them were suspected of having foraminal stenosis of L5—
S1, which also compressed the L5 nerve root, and cannot be
pre-operatively differentiated if the symptoms were caused
by the compression at L4-5 lateral access (single site) or
both L4-5 lateral access and foraminal stenosis of L5-S1
(double sites). The foraminal stenosis of L5-S1 was assessed
according to the Lee et a/. classification (14) (Figure 1):

(I  Grade 0: normal;

(II) Grade 1: mild degree of foraminal stenosis,
perineural tissue obliteration surrounding nerve
root in the transverse direction or vertical direction,
without the morphologic change of the nerve root;

(IIT) Grade 2: moderate degree of foraminal stenosis,
perineural tissue obliteration surrounding nerve
root in both transverse and vertical direction,
without the morphologic change of the nerve root;

(IV) Grade 3: severe degree of foraminal stenosis, nerve
root collapse or morphologic change due to severe
perineural tissue obliteration surrounding the
nerve root.

All of the pre-operative MRIs were assessed by two
independent senior spine surgeons. If they had any
disagreement, the image will be discussed at the group
research meeting.

Surgical technique

Nerve root probe used in present surgical procedure
was shown as Figure 2. All surgeries performed by one
senior surgeon. The transforaminal lumbar interbody
fusion (TLIF) was performed at level L4-5, after the
decompression of L4-5 was finished. The nerve root
probe was used to identify whether the L5 nerve root was
compressed at the L5-S1 intervertebral foramina (Figure 3).
The nerve root probe was inserted into the L5-S1
intervertebral foramina alongside at the L5 nerve root intra-
operatively. If the nerve root probe could be inserted gently,
can around the nerve root one round, we judged that the
compression of L5 nerve root at the L5-S1 intervertebral
foramina was not severe and there was no need to perform
TLIF at L5/S1 immediately, only the L4-5 TLIF was
performed (Figure 3). If the nerve root probe could not be
inserted into the L.5-S1 intervertebral foramina, combined
with the pre-operative MR images and the symptoms of the
patient, we judged that there had compression of L5 nerve
at the L5-S1 intervertebral foramina. The L5-S1 TLIF
with L5-S1 intervertebral foramina decompression would

be performed as well as L4-5 TLIF (Figure 4).
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Figure 1 Schematic diagrams illustrating Lee et al. classification to assess the foraminal stenosis of L5-S1. (A) Grade 0: normal; (B) grade

1: mild degree of foraminal stenosis, perineural tissue obliteration surrounding nerve root in transverse direction, without the morphologic

change of the nerve root; (C) grade 1: mild degree of foraminal stenosis, perineural tissue obliteration surrounding nerve root in vertical

direction, without the morphologic change of the nerve root; (D) grade 2: moderate degree of foraminal stenosis, perineural tissue

obliteration surrounding nerve root in both transverse and vertical direction, without the morphologic change of the nerve root; (E) grade 3:

severe degree of foraminal stenosis, nerve root collapse or morphologic change due to severe perineural tissue obliteration surrounding the

nerve root. VB, vertebral body; IVD, intervertebral disc; NR, nerve root; FL, flavum ligamentum; FJ, facet joint.

Figure 2 Photo of the nerve root probe. Arrow: the tip of the probe.

The duration of operative time, estimated blood loss,
length of postoperative hospital stay were recorded and
collected, as well as the intra-operative and post-operative
complications such as dural tear, screw misplaced or failure,
neurologic deficit, wound infection, hematoma, fusion
failure and reoperation.

Clinical outcomes

Visual analog scale (VAS) of low back pain and leg pain was
used to assess the pain outcomes; Oswestry Disability Index
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(ODI) was used to assess the functional outcome. The VAS
and ODI were assessed at time points of preoperatively,
3-month after operation, and 24-month after operation by
two independent researchers. Both of static and dynamic
radiographs and CT scans were obtained at 3 and 24 months
after surgery. Solid bony fusion was assessed on CT sagittal
reconstruction images by continuity of the trabecular bony
bridging across the disc space (15) and lateral dynamic
flexion-extension radiographs that less than 3° of angular
motion between adjacent end plates of the indexed level

(16,17).

Statistical analysis

The data was analyzed by SPSS software (Version 17.0,
SPSS Inc., Chicago, Illinois, USA). The data of pre-
operation, 3-month after operation, 24-month after
operation was tested by the “repeated-measures analysis
of variance” (ANOVA), the comparisons of duration of
operative time, estimated blood loss, length of postoperative
hospital stay, VAS of low back pain, VAS of leg pain and
ODI were examined by independent samples ¢-test. The
level of significance was set at P<0.05.
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Figure 3 A patient with L4-5 lumbar stenosis undergoes L4-5 TLIF, and the pre-operative MRI (A) shows there is “grade 2” foraminal

stenosis at L5-S1 level (arrow: the L5-S1 foramina). (B,C,D) After the decompression of L4-5, nerve root probe (arrow: the probe) is used
to detect whether the L5 nerve root is compressed at the L5-S1 intervertebral foramina, and the detect tip can be inserted into the L5-S1

intervertebral foramina alongside at the L5 nerve root easily. Therefore, only L4-5 TLIF is performed (E,F). TLIE transforaminal lumbar

interbody fusion.

Results

A total of 217 patients were included in this study, with
88 males and 129 females, aged 63.8+£10.8 years old.
In preoperative assessment of sagittal MR images, the
distribution of Lee et al. classification (14) of L5-S1
foraminal stenosis is shown in Figure 5: grade 0: 125 cases,
grade 1: 58 cases, grade 2: 23 cases, and grade 3: 11 cases.

After intra-operative L5 nerve root detection, we found
that the detected tip cannot be inserted into the L5-
S1 foraminal stenosis in all 11 patients, who had grade 3
radiographic foraminal stenosis, 6/23 (26.1%) who had
grade 2 and 2/58 (3.4%) who had grade 1, we performed
L4-5 and L5-S1 TLIF on these 19 patients. And the other
198 patients were only performed L4-5 TLIF. The detailed
perioperative data was showed in Table 1.

© Quantitative Imaging in Medicine and Surgery. All rights reserved.

Eight patients lost at follow up, and 209 patients (191
of L4-5 TLIF patients and 18 of L4-5 and L5-S1 TLIF
patients) had at least 24 months follow up. No additional
reoperation was performed on L4-5 and L5-S1 TLIF
patients. For one patient who had grade 2 at pre-operation
although, the detecting probe tip could be inserted into
the L5-S1 foraminal stenosis at primary surgery, so he
underwent only L4-5 TLIF; however the L5-S1 foraminal
stenosis was progressed at 17 months after surgery,
additional L5-S1 TLIF was performed. Three patients had
fusion failure in L4-5 TLIF group and one in L.4-5 and
L5-S1 TLIF group; these four patients had no symptom so
no additional operation was performed.

Compared to pre-operative baseline data, both L4-5
TLIF and L4-5 and L5-S1 TLIF groups had significant
decreased VAS of low back pain and leg pain, and ODI at
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Figure 4 A padent with L4-5 degenerative lumbar spondylolisthesis with stenosis needs to perform the L4-5 TLIF (A) and the pre-operative

MRI shows there is “grade 3” foraminal stenosis at L5-S1 level (B) (arrow: the L5-S1 foramina). Our novel designed nerve root probe cannot
be inserted into the L5-S1 intervertebral foramina. Finally, only L4-5 TLIF with bilateral pedicle screw fixation and L5-S1 LTTF with

unilateral pedicle screw fixation are performed (C: anteroposterior view; D: lateral view). TLIFE, transforaminal lumbar interbody fusion.

3 months and 24 months after operation. The detailed VAS
of low back pain, leg pain and ODI data were summarized
in Tuble 2.

Discussion

The factors that compress the nerve root are variable,
including the intervertebral disc herniation, spondylolisthesis,
hypertrophy of ligamentum flavum and hypertrophy of
facet joint etc. (4,18-20). The most common sites of nerve
root compressed are at levels of L4-5 and L5-S1. The
compressing factors can be at lateral recess and/or foramina;

© Quantitative Imaging in Medicine and Surgery. All rights reserved.

they are at different adjacent lumbar levels for one nerve
root. L5 nerve root is the most common one that could be
compressed. In most case, the compression only occurs at the
lateral recess of .45 level, and the foraminal stenosis of L5—
S1 often is ignored (9), and need to be re-explored (21,22).
Lee et al. (14) developed a foraminal stenosis classification
based on pre-operative MR images, which may help us
to have a judgment before operation. However, the Lee
classification doesn’t provide the information that which
grade stenosis need surgery, especially for patients whose
L5 nerve root is compressed at L4-5 level and the L5-S1
foramina assessed as grade 1 and 2 (23), which will cause

gims.amegroups.com Quant Imaging Med Surg 2018;8(4):383-390
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[ 217 patients with L5 nerve root compressed at L4-5 lateral access need L4-5 TLIF surgery j

Pre-operative assessment of L5-S1 foraminal stenosis on MRI

v v

Grade 0 Grade 1
(N=125) (N=58)
Intra-operative
detected
(N=125) (N=56) (N=17)
(N=2)

Grade 3
(N=11)

(N=11)

A
L Detect tip can be inserted I

(N=198)

v

[ Only perform L4-5 TLIF j

A
L Detect tip can’t be inserted

(N=19)

v

[ Perform L4-5 + L5-S1 TLIF j

Figure 5 In preoperative MR assessment of L5-S1 foraminal stenosis and the final surgical perform on the included 217 patients.

Table 1 The perioperative data between two groups

Perioperative parameters L4-5 TLIF (N=198) L4-5 & L5-S1 TLIF (N=19) P
Duration of operative time (minutes) 115.4+£25.9 195.7+28.3 <0.001
Estimated blood loss (mL) 228.1+105.0 376.8+155.6 0.001
Length of postoperative hospital stay (d) 6.3+2.4 7.2+2.7 0.130
Dural tear 1 -
Deep wound infection 0 -
Postoperative hematoma 0 -

TLIF, transforaminal lumbar interbody fusion.

dilemma for surgeons of how to decide only decompression
at L4-5 or extension to L5-S1. If the both L.4-5 and L5-S1
TLIF are performed, it will be over treat for many patients.
If only receiving the L4-5 level some patients may still have
continued post-operative symptoms, and require secondary
surgery. To make a more accurate decision, we combine the
Lee classification (14) and intra-operative nerve root probe,
which can help us to avoid the over treat and cutback the
potential secondary surgery.

In our current study, among 58 patients assessed as grade
1 by pre-operative MRI, nerve root probe could not be
inserted into foramina in 2 of them; nerve root probe could
not be inserted into foramina in 6 of 23 patients assessed as
grade 2. So both L4-5 and L5-S1 TLIF were performed on

© Quantitative Imaging in Medicine and Surgery. All rights reserved.

them. If the foramina assessed as grade 0 pre-operatively, the
nerve root probe could be inserted into the foramina easily.
We couldn’t be inserted into foramina in patients assessed
grade 3 pre-operatively. Therefore, we suggest the nerve
root probe will be helpful for surgical strategy for patients
that pre-operatively assessed as grade 1 or 2 on MRI.

The two-year follow-up found both the patients treated
by only L4-5 TLIF and L4-5 and L5-S1 TLIF had
significant improvement of VAS of low back pain, leg pain
and ODI. We also found that total 73 patients, including
56 out of 58 (96.6%) from patients assessed as grade 1
foraminal stenosis and 17/23 (73.9%) patients assessed
as grade 2, did not receive the additional L5-S1 surgery.
And in these 73 patients, only one patient whose L5-

gims.amegroups.com Quant Imaging Med Surg 2018;8(4):383-390
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Table 2 The data of clinical outcomes from baseline to two years

follow-up
Clinical parameters L4=5 TLIF L4-5 & L5-St
(N=191) TLIF (N=18)
VAS of low back pain
Baseline 6.3+1.8 6.4+2.3
3 months after operation 1.7£1.0* 1.9+1.2*
24 months after operation 1.5+1.0* 1.7+1.4*
VAS of leg pain
Baseline 6.9+1.4 6.8+1.4
3 months after operation 1.9+1.2* 1.8+1.1*
24 months after operation 1.7£1.0* 1.6+1.0*
ODI
Baseline 63.2+11.5 61.1£8.5
3 months after operation 31.1£5.9* 32.6+6.8*
24 months after operation 29.8+7.5* 29.3+6.0*

*, P<0.05 compare to baseline data. TLIF, transforaminal lumbar
interbody fusion; VAS, visual analog scale; ODI, Oswestry
Disability Index.

S1 foraminal stenosis was progressed at 17 months after
surgery, and was treated by additional L5-S1 TLIF.

There were several limitations in our present study.
Firstly, this was not a randomized controlled study or
compared study, whether patients treated by only at level of
L4-5 or extension to L5-S1 level were based on the intra-
operative judge, because of the extend or not to L5-S1
fusion is varied for different surgeons, without a standard
guideline, therefore, the number of patients benefited from
our method could not be calculated accurately, only one
patient needed re-exploration in our 217 patients for L5-S1
foraminal stenosis, which is lower than the literatures (21,22);
Secondly, the sample in the group of surgical extension to
level of L5-S1 was small, because the extent surgery was
based on strict intra-operative detection in order to avoid
unnecessary additional surgery, most cases [17/23 (73.9%) of
grade 2 patients] were avoided the additional L5-S1 fusion
and with good clinical outcomes. Thirdly, the 2-year follow-
up was still the short-term result, in the future mid-term and
long-term follow-up are needed to be conducted.

Conclusions

Our current study found that our novel nerve root probe
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combined with pre-operative radiographic graded may
be helpful for us to differentiate the single or double
compression of L-5 nerve root and make a more precise
surgical strategy to improve surgical outcome than the
method depended on pre-operative radiographic graded
alone.
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