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Abstract
Background: Recently, several authors have reported favorable results in low back pain (LBP) for patients
with lumbar disc herniation (LDH) treated with discectomy. However, detailed changes over time in the
characteristics and location of LBP before and after discectomy for LDH remain unclear. To clarify these
points, we conducted an observational study to evaluate the detailed characteristics and location of LBP
before and after discectomy for LDH, using detailed and bilateral visual analog scales (VAS).

Methods: Sixty-�ve patients with LDH treated with discectomy were included in this study. A detailed VAS
for LBP was administered under 3 different postural conditions: in-motion, standing, and sitting. Bilateral
VAS was also administered (affected versus opposite side) for LBP, lower extremity pain (LEP), and lower
extremity numbness (LEN). The Oswestry Disability Index (ODI) was used to quantify clinical status.
Changes over time in these VAS and ODI were investigated. P�rrmann classi�cation and Modic change
as seen by magnetic resonance imaging (MRI) were reviewed before and 1 year after discectomy to
evaluate disc and endplate condition.

Results: Before surgery, LBP on the affected side in motion were signi�cantly higher than LBP while
sitting. This heightened LBP on the affected side in motion was signi�cantly improved after discectomy.
On the other hand, the residual LBP while sitting at 1 year after surgery was signi�cantly higher than the
LBP in motion or while standing. At 1 year following discectomy, residual LBP while sitting was
signi�cantly greater in cases showing larger changes in P�rrmann grade or Modic type.

Conclusions: Improvement of LBP on the affected side while in motion following discectomy suggests
that radicular LBP is improved by nerve root decompression. Furthermore, the �nding that residual LBP
while sitting is re�ective of the load and pressure put on the disc and endplate.

Background
Lumbar disc herniation (LDH) is one of the most common causes of low back pain (LBP) and sciatica.
Surgical treatment is well known to be optimal for patients with LDH who fail to respond to conservative
care. Favorable results for LBP, lower extremity pain (LEP), and lower extremity numbness (LEN) in
patients with LDH treated with discectomy have been demonstrated [1, 2, 3, 4]. In most of those studies,
only a conventional visual analog scale (VAS) and the Oswestry disability index (ODI) were used to
evaluate LBP. Those studies were unable to discuss detailed changes in LBP and the characteristics of
relief and residual LBP. On the other hand, recent reports have clari�ed the characteristics of LBP using a
detailed VAS for some lumbar degenerative disorders, including spondylolysis and lumbar spinal stenosis
(LSS) [5, 6, 7]. Nevertheless, there are few reports of the detailed changes and location of LBP before and
after discectomy for LDH. Thus, we conducted an observational study to clarify the detailed
characteristics and location of LBP, LEP, and LEN before and after discectomy for LDH using detailed and
bilateral VAS.
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Methods

Patient selection
The present study was approved by the ethical committee of XXXX University XXXXXX Medical Center
(No. 2012071). Informed consent was obtained from all patients. A total of 114 patients under the age of
75 who were treated with discectomy for LDH from April 2010 to March 2018 was enrolled in this study.
LDH was diagnosed by four orthopedic spine surgeons (XX, XX, XX, XX) based on neurological �ndings,
the presence of persistent and unremitting LBP for more than 3 months, X-ray images, and magnetic
resonance imaging (MRI). All the patients were treated with a traditional amount of conservative care.
Those who were not improved by su�cient conservative treatment and wished to undergo surgical
treatment were included in this study. Patients with the comorbidities LSS or degenerative
spondylolisthesis (DS) were excluded. Patients who were diagnosed with a lateral herniation treated with
fusion surgery were eliminated, as were those with thoracic myelopathy and hip osteoarthritis. Patients
with recurrent herniation were excluded, and unfortunately so were those who had a recurrence of
herniation and underwent revision surgery within 1 year of their primary surgery. All cases, excluded from
the study due to these complications, are broken down as follows: 5 cases with LSS or DS, 7 cases with
lateral herniation, 1 case with thoracic myelopathy, 1 case with hip osteoarthritis, and 7 cases of recurrent
herniation. Five cases (4.3%), unfortunately, had a rapid (less than one -year post op) recurrence of
herniation. In addition, 5 cases were excluded because of a lack of data and 18 cases because of a loss
to follow-up. Ultimately, 65 cases were included in the present study.

Surgical procedure of discectomy
All the operative procedures were performed under a surgical microscope as described in detail elsewhere
[8]. Fifty nine of 65 cases were performed with a hemi approach. In the �rst 31 cases, the surgeries were
performed using the conventional microdiscectomy. In the 28 cases treated since 2015, the surgeries
were performed using a tubular retractor (METRx MD system, Medtronic, US) to minimize damage to the
paraspinal muscles on the approached side. Six of the cases experienced bilateral symptoms with a
central herniation and we, therefore, performed bilateral fenestration and bilaterally extirpation of
herniation.

Evaluation of clinical outcome
In this study, buttock pain was included in LEP and, therefore, the de�nition of LBP in this study does not
include buttock pain. Based on past reports, a detailed VAS (100 mm) for LBP under 3 postural
conditions: in-motion, standing, and sitting were administered (Fig. 1A) [5, 6]. In addition, the location (left
versus right side) of LBP, LEP, and LEN were administered and analysis were performed divided into the
affected (approached) and opposite side (Fig. 1B) [6]. In the patients with bilateral symptoms who
underwent bilateral laminectomy and herniation extirpation, we established the affected side as the one
that was more symptomatic and more extensively herniated on MRI. The ODI was also used to assess
clinical improvement including activities of daily living. All VAS and ODI values were administered before
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surgery, at 3 months, at 6 months, and at 1-year of follow-up. We investigated the relationship between
the VAS scores and surgical level as well as the following 3 surgical procedure groups: conventional
discectomy with hemi-laminectomy (C), discectomy using a tubular retractor (T), and discectomy with
bilateral laminectomy (B).

Evaluation of imaging �ndings
We investigated MRI before surgery and at the 1-year follow-up, except for 3 patients who were unable to
undergo MRI because of a pacemaker insertion (1 patient) or claustrophobia (2 patients). In total we
analyzed 62 cases. We investigated disc degeneration using the P�rrmann classi�cation [9]. Vertebral
endplate changes were assessed using Modic types [10]. All the MRI evaluations were performed by 3
independent examiners (XX, XX, and XX) who were not informed about the clinical data of the patients.
All the cases were divided into two groups: C group and N group according to their changes of P�rrmann
grade or Modic type before and after discectomy. Differences between the two groups were evaluated.

Statistical analyses
Results are presented as the mean ± standard deviation. A paired t test was used to compare each
detailed VAS score before and after surgery. A one-factor ANOVA was used to compare the relationship
between VAS scores and the 3 different surgical levels and procedures. A repeated ANOVA with a post
hoc Turkey–Kramer test was used to determine changes over time for each VAS and the ODI. A Student t
test was used to compare changes in P�rrmann grade or Modic type with residual LBP, as measured by
VAS. P < 0.05 was considered signi�cant in the tests of statistical inference. All statistical analyses were
performed using the JMP software package (ver. 14.2.0, SAS Institute Inc., Cary, NC, USA).

Results

Patient characteristics
Table 1 showed the characteristics of all the 65 patients. There was no signi�cant difference between sex
and the affected side. Herniations at L4-5 and L5-S were more frequent than at L3-4 in this series. There
were no cases of L1/2 or L2/3 herniation included in this study. Disc degeneration by P�rrmann
classi�cation showed that grade 2 was most frequent and there were no cases of grade 1. Fourteen
cases showed endplate changes as evaluated by Modic type. There were no cases of surgical site
infection in this series, nor were there other critical complications such as thromboembolic events or
nerve root injuries.

Evaluation of clinical outcomes (VAS and ODI)
Detailed LBP VAS scores before surgery were 62.8 ± 29.9 in motion, 61.6 ± 31.6 while standing, and 26.6 
± 32.9 while sitting; notably, LBP in motion was signi�cantly higher than LBP while sitting (p < 0.05). The
heightened LBP seen during motion as well as the LBP experienced while standing and sitting was
signi�cantly improved following discectomy (p < 0.05). On the other hand, the detailed LBP VAS at 1 year
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after surgery was 13.2 ± 19.5 in motion, 13.8 ± 18.9 while standing, and 17.3 ± 22.0 while sitting; notably,
the residual LBP while sitting at 1 year after surgery was signi�cantly higher than the LBP reported during
motion and while standing (p < 0.05) (Fig. 2A). On the other hand, the bilateral LBP VAS before surgery
was 46.9 ± 34.0 on the affected side and 17.4 ± 27.0 on the opposite side. This shows that LBP on the
affected side was signi�cantly higher than it was on the opposite side (p < 0.01). Bilateral LBP was
improved signi�cantly on both sides following surgery, and LBP relief was maintained until the 1-year
�nal follow-up (Fig. 2B).

Figure 3 shows the changes over time in bilateral LEP (Fig. 3A) and LEN (Fig. 3B) after discectomy. LEP
and LEN on the affected side were also signi�cantly greater before surgery (p < 0.01). The signi�cant
improvements of LEP and LEN were shown on both sides and were maintained until the 1-year �nal
follow-up (p < 0.01), however, residual LEP and LEN were greater on the affected side (p < 0.01). In the
clinical evaluation, the ODI also showed signi�cant improvements following discectomy (Fig. 4).

Taking into account the results of the detailed LBP VAS, we investigated the changes over time of LBP
VAS scores during motion and while standing. The changes over time of the detailed LBP VAS and
surgical level are shown in Fig. 5. There was no signi�cant difference in LBP before surgery at different
surgical levels. However, the residual LBP VAS during motion and while sitting at 1 year after surgery was
signi�cantly heightened at the L3/4 level (p < 0.01).

Changes over time in detailed LBP VAS scores and surgical procedures (C, T, and B groups) are shown in
Fig. 6. LBP during motion was signi�cantly higher before surgery in group T (p < 0.05), and therefore the
residual LBP at 3 months after surgery was also higher in group T. However, at 1 year after discectomy,
the residual LBP became almost equal for all 3 surgical procedures.

Evaluation of correlation between MRI �ndings and VAS
The changes over time in P�rrmann grade and Modic type are shown in Table 2. Overall, signi�cant
changes in both P�rrmann grade and Modic type were observed (p < 0.05). Seventeen cases had changes
in P�rrmann grade following discectomy. We divided them into two groups: P�rrmann grade changing
(PC group) and not changing (PN group). After discectomy, 12 cases changed in Modic type, and we also
divided them into two groups: Modic type changing (MC group) and not changing (MN group).

Taking into account the �nding that residual LBP while sitting was heightened at 1 year after discectomy,
we investigated the relationship between the P�rrmann grade, Modic type, and LBP VAS while sitting at
1 year after discectomy. Our results are outlined as follows: LBP VAS scores while sitting at 1 year after
discectomy were 31.5 ± 21.1 in the PC group and 12.9 ± 20.7 in the PN group; notably, they were
signi�cantly higher in the PC group (p < 0.05, Fig. 7A). In addition, LBP VAS scores while sitting at 1 year
after discectomy were 30.8 ± 25.7 in the MC group and 14.9 ± 20.5 in the MN group, showing they were
signi�cantly higher in the MC group (p < 0.05, Fig. 7B).

Discussion
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To our knowledge, this study is the �rst to evaluate the characteristics and location of LBP in patients
with LDH treated with discectomy. According to the previous study analyzed detailed and bilateral VAS
scores for LSS patients, LBP in patients with LSS before surgery was signi�cantly greater while standing,
but pain was reduced by decompression surgery, with LBP improving equally on the affected and
opposite sides [6]. In our study, LBP during motion was signi�cantly greater in patients with LDH before
surgery, and the LBP in motion on the affected side was reduced by discectomy. This pattern of LBP relief
suggests that radicular LBP is improved by nerve root decompression surgery, as mentioned in previous
reports [1, 6]. Despite this similarity regarding nerve root decompression, however, greater LBP during
motion that occurred with LDH patients was different than the increased LBP while standing found in
LSS patients. For this reason, we speculate that nerve root compression in patients with LDH usually
occurs with a more acute onset compared to LSS. In addition, this difference in LBP characteristics may
be in�uenced by the degree of disc and endplate degeneration in LDH patients compared to LSS patients
because LDH patients tend to be younger than LSS patients.

Another noteworthy point gleaned from our �ndings was that residual LBP was most pronounced while
sitting. A recent report has indicated that higher intradiscal pressure while sitting may result in LBP in the
presence of lumbar degenerative disc diseases [11]. It was reported that pathological mechanisms of
discogenic low back pain included sensory nerve ingrowth into the disc, upregulation of neurotrophic
factors like nerve growth factor and in�ammatory cytokines, and mechanical stress [12, 13]. Our �ndings
of residual LBP while sitting and changes in P�rrmann grade, when taken in combination, leads us to
conclude that it is likely the load and pressure on the disc were causal in residual LBP while sitting.
Alternatively, it is also well known that Modic changes in�uence LBP [14]. Ohtori et al. reported favorable
surgical outcomes for LDH complicated with Modic type I [15]. Although LEP improvement was obtained
in patients with Modic change in our study, the residual LBP in MC group leads us to believe that changes
in load and in�ammation at the endplate may also be causal in residual LBP while sitting.

Recent reports indicated that performing a minimally invasive discectomy using a tubular retractor under
a microscope or endoscope are feasible in the treatment of LDH [16, 17]. Including conventional
discectomy, in our study we compared these 3 surgical procedures. Residual LBP at 3 months after
surgery was greater in group T because the baseline of LBP before surgery was signi�cantly greater in
this group. However, the residual LBP at 1 year follow up was equal with all 3 surgical procedures. This,
along with previous reports, suggests that surgical invasion of the paraspinal muscles does not in�uence
residual LBP [6, 16]. While no reports were found describing the relationship between surgical levels and
residual LBP, in our study, residual LBP was signi�cantly greater in patients with herniations at L3/4. It is
hard to explain this phenomenon. However, we speculate that this may have been the case because
patients with L3/4 herniations were highly complicated and also had L4/5 or L5/S disc degenerations.
Further investigation with a larger sample size is needed to understand this phenomenon.

The present study has several limitations. First, this study is observational, and we did not evaluate
detailed and bilateral LBP VAS scores of patients who solely underwent conservative treatment. In our
study some of the patients underwent conservative treatment at another hospital, and they wished to
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undergo surgical treatment as soon as possible, leaving them no time to evaluate further conservative
treatment. Further prospective investigation will be needed. Second, the present study excluded patients
complicated with dynamic instability or patients with lateral herniations who underwent fusion surgery
because we wanted to avoid LBP caused by instability of discs and facet joints [18]. Furthermore, the
present study also excluded cases which, unfortunately, had a recurrence of herniation in the short term
(less than a year) because we wanted to evaluate residual LBP in the absence of herniation recurrence. If
those cases had been included, the results would have been confounded by the fact that they had severe
VAS scores under all 3 postural conditions. Third, the present study did not evaluate sagittal alignment.
Sagittal imbalance such as pelvic incidence and lumbar lordosis mismatch may contribute to
postoperative LBP [19]. Using detailed VAS scores, Aoki et al. indicated that sagittal imbalance after a
short segment fusion surgery resulted in residual LBP while standing [20]. Considering our �nding that
residual LBP while sitting was present at 1 year after discectomy, we speculate that residual LBP is less
affected by sagittal alignment. Finally, the follow up after discectomy was incomplete. When patients
undergo discectomy and have signi�cant pain relief, they sometimes drop out of care at the outpatient
clinic. 18 of 114 (15.7%) cases in our study dropped out. Generally, two years of follow-up is
recommended for this type of study. However, in this study, we were compelled to set the follow-up period
to 1 year because of a decreasing follow-up rate. Further investigation, like a prospective cohort study
that follows all the cases fully will be needed to resolve this follow-up rate problem.

Conclusions
In LDH patients, LBP in motion on the affected side was signi�cantly greater before surgery and was
reduced following discectomy. This LBP relief suggests a radicular nature to the LBP that is improved by
nerve root decompression surgery. The residual LBP at 1 year after discectomy was most dominant while
sitting. This, in combination with our �ndings regarding the relationship between residual LBP and
changes in P�rrmann grade and Modic type, suggests that the load and pressure to the disc and endplate
play a causal role in residual LBP while sitting. To resolve the follow-up rate problem, a prospective cohort
study that follows all the cases more fully will be needed.
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Figures

Figure 1
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VAS scores. (A) Detailed LBP VAS (0–100 mm) scores. LBP was scored independently under 3 different
postural conditions: in-motion, standing, and sitting. (B) LBP, LEP, and LEN VAS (0–100 mm) scores
bilaterally on the approached and opposite sides.

Figure 2

(A) Changes in detailed LBP VAS scores. LBP during motion before surgery was signi�cantly greater than
LBP while sitting (*paired t test, p < 0.05). LBP VAS scores under all 3 postural conditions were improved
signi�cantly after discectomy (repeated major ANOVA, p < 0.01). On the other hand, residual LBP while
sitting was signi�cantly greater than LBP while sitting at 1 year after discectomy (†paired t test, p < 0.05).
(B) Changes in bilateral LBP VAS scores. LBP on the affected side before surgery was signi�cantly
greater than LBP on the opposite side (*paired t test, p < 0.05). Bilateral LBP was signi�cantly improved
equally on both sides (repeated major ANOVA, p < 0.01).
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Figure 3

Changes in bilateral VAS scores of LEP (A), and LEN (B). LEP and LEN on the affected side before surgery
were signi�cantly greater than on the opposite side (*paired t test, p < 0.05). After discectomy, both LEP
and LEN on the affected side were signi�cantly improved (repeated major ANOVA, p < 0.01). However,
residual LEP and LEN at 1 year after surgery were signi�cantly greater than they were on the opposite
side (†paired t test, p < 0.05).

Figure 4

Changes in ODI. Scores on the ODI was signi�cantly improved by discectomy (*repeated measure single-
factor ANOVA, p < 0.01).
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Figure 5

(A) Changes in LBP during motion and surgical levels. LBP during motion at 1 year after surgery was
signi�cantly greater in cases of herniation at the L3/4 level (*one factor ANOVA, p < 0.05). (B) Changes in
LBP while sitting and surgical levels. LBP while sitting at 1 year after surgery was also signi�cantly
greater in cases of L3/4 herniation level (†one factor ANOVA, p < 0.05).

Figure 6

(A) Changes in LBP during motion and surgical procedures. (B) Changes in LBP while sitting and surgical
procedures. C: conventional discectomy, T: microscopic discectomy using a tubular retractor, B: bilateral
laminectomy and discectomy. LBP both during motion and while sitting before surgery were signi�cantly
greater in group T (*one factor ANOVA, p < 0.05). Thus, the residual LBP at 3 months after surgery was
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signi�cantly greater in group T (†one factor ANOVA, p < 0.05). However, LBP was improved with all 3
surgical procedures and LBP became equally level at 1 year after surgery.

Figure 7

(A) Relationship between LBP while sitting at 1 year after surgery and P�rrmann classi�cation changes.
PC: P�rrmann classi�cation changing group, PN: P�rrmann not changing classi�cation group. Residual
LBP while sitting in the PC group was signi�cantly greater than that in the PN group (*student t test, p <
0.05). (B) Relationship between LBP while sitting at 1 year after surgery and Modic type changes. MC:
Modic type changing group, MN: Modic type not changing group. The residual LBP while sitting in the MC
group was signi�cantly greater than that in the MN group (†student t test, p < 0.05).


