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Study Design: Retrospective case series.
Purpose: To determine whether symptoms predict surgical outcomes for patients with discogenic low back pain (DLBP).
Overview of Literature: Specific diagnosis of DLBP remains difficult. Worsening of pain on flexion is a reported symptom of DLBP. 
This study sought to determine whether symptoms predict surgical outcomes for patients with DLBP.
Methods: We investigated 127 patients with low back pain (LBP) and no dominant radicular pain. Magnetic resonance imaging was 
used to select patients with disc degeneration at only one level. If pain was provoked during discography, we performed fusion sur-
gery (87 patients). Visual analogue scale score and responses to a questionnaire regarding symptoms including worsening of pain on 
flexion or extension were assessed. Symptom sites before surgery were categorized into LBP alone, or LBP plus referred inguinal or 
leg pain. We followed 77 patients (average 3.0 years) and compared symptoms before surgery with surgical outcome.
Results: Sixty-three patients with a good outcome showed postsurgical pain relief (≥60% pain relief) and 14 patients with a poor 
outcome did not (<60% pain relief). In patients with good outcomes, worsening of LBP was evident in 65% of cases on flexion and in 
35% on extension. However, these findings were not significantly different from those in patients with poor outcomes. The percent-
age of patients with LBP alone was significantly lower and the percentage of patients with LBP plus referred inguinal or leg pain was 
significantly higher in the group with good surgical outcome compared with patients in the group with poor surgical outcome (p<0.05).
Conclusions: Worsening of pain on extension may be a symptom of DLBP. Surgical outcomes were superior in patients with both 
LBP and either referred inguinal or leg pain compared with those having LBP alone.
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Introduction

Human intervertebral disc degeneration is a cause of back 
pain. The pathomechanism is not fully understood. Pain 
mechanisms have been explored using animal models of 

disc degeneration, samples harvested from painful human 
discs, magnetic resonance imaging (MRI) studies, and 
biomechanical studies [1,2]. Painful discs are character-
ized by a confluence of innervation, inflammation, and 
mechanical hypermobility [1,2].
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Surgery for discogenic low back pain (DLBP) is chal-
lenging. A systematic review of discography as a diag-
nostic test for spinal pain found that it is a useful tool to 
evaluate imaging and pain when identifying patients with 
chronic DLBP [3]. However, the reliability of discography 
remains controversial [4]. Furthermore, psychogenic fac-
tors influence outcomes of surgery in patients with DLBP 
[5,6].

Low back pain (LBP) may originate from intervertebral 
discs and a physical test has been reported [7,8]. LBP, 
referred inguinal pain, and referred leg pain are seen in 
patients with DLBP [9]. Animal and human studies have 
shown that intervertebral discs are innervated by neurons 
from several levels of dorsal root ganglia (DRG) [10,11]. 
LBP is usually exacerbated on sustained sitting or forward 
bending of the trunk, both of which increase intradiscal 
pressure [7]. However, the validity of this symptom is un-
clear if patients are limited to those selected with DLBP. 
Furthermore, it is unclear whether the site of pain predicts 
the outcomes of surgery for DLBP.

In the current study, we sought to determine the validity 
of worsening of LBP on flexion as a symptom in patients 
selected with DLBP, and whether physical symptoms pre-
dict the outcome of treatment by surgical fusion in these 
patients.

Materials and Methods

1. Patients

We investigated 127 patients with a chief complaint of 
LBP. Patients opted for surgical treatment due to non-ef-
fective conservative treatment. MRI was used to select pa-
tients with disc degeneration at only one level. We initially 
excluded patients who had severe spondylolysis or disc 
degeneration with two or multilevel lesions, patients who 
had spinal stenosis with radicular pain, and patients who 
had previously undergone spinal surgery. Patients were 
categorized as having degenerated, bulging, or protruding 
discs, as previously described [12] Disc degeneration and 
vertebral bone marrow change were classified according 
to the Pfirrmann and Modic grading, respectively [13,14]. 
Three observers blinded to the diagnosis classified and 
evaluated the degenerated intervertebral discs and verte-
bral bone marrow changes. In the absence of consensus, 
agreement between two of the observers was used to 
grade the degenerated discs.

2. Indication for surgery using discography

Discography of intervertebral discs at one level was per-
formed using a standard posterolateral approach with 
a 22-gauge needle (Becton Dickinson, Franklin Lakes, 
NJ, USA) in all 127 patients examined. For discography, 
the needle was inserted into the center of the disc under 
fluoroscopic control. Isovist 240 (0.4–3.2 mL; Schering, 
Osaka, Japan) was injected into each disc until severe pain 
was provoked or until contrast medium leaked out of the 
disc into the spinal canal. If pain was provoked during the 
discography, the patient was selected for subsequent sur-
gical treatment (87 patients). Forty patients were excluded 
because the discography did not provoke pain.

3. Surgery

Patients with disc degeneration at only one level as seen 
on MRI, or who were positive for pain provocation on 
discography, underwent anterior discectomy and fusion 
surgery. We first performed the discectomy, cut the end-
plate at a thickness of 2 mm on both sides, and performed 
interbody fusion using iliac bone. Forty seven patients 
underwent stand-alone anterior fusion and 40 patients 
underwent anterior fusion with percutaneous posterior 
pedicle screw fixation at one level. The method used was 
dependent on the date of surgery. If the patient did not 
show bone fusion on the final follow-up X-ray, they were 
excluded.

4. Pain scores

Visual analogue scale (VAS) scores before surgery and at 
final follow-up after surgery were recorded. A question-
naire regarding symptoms including worsening of pain on 
standing, sitting, flexion, and extension was completed by 
each patient before surgery. Symptom sites before surgery 
were divided into LBP alone, LBP plus referred inguinal 
pain, and LBP plus referred leg pain.

5. Good and poor outcomes after surgery

We considered the surgery effective if patients indicated 
≤60% of their presurgical VAS score after surgery. We 
defined these surgical outcomes as good. If the patients 
indicated >60% of their presurgical VAS score, we defined 
the surgical outcomes as poor.
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6. Statistical analyses

Data were compared using an unpaired t test, chi-squared 
test, and one-way analysis of variance for repeated mea-
surements. A p<0.05 was considered significant.

Results

Fig. 1 shows a flow diagram of the study. A total of 127 
patients with LBP and no dominant accompanying ra-
dicular pain were investigated. MRI was used to select 
patients showing disc degeneration at only one level. If 
pain was provoked during discography, we performed 
anterior interbody fusion surgery for patients in whom 
conservative therapy was not effective (87 patients, aver-
age age 42.1 years). At the final follow-up (36±11 months; 
mean±standard error of the mean, here and hereafter), 
five patients had dropped out because they failed to pres-
ent at the hospital for unknown reasons. Five patients did 
not show solid fusion on X-ray films; they were excluded 
from evaluation. Ultimately, we evaluated the data from 
77 patients. Table 1 shows the demographic characteristics 
of these 77 patients before surgery. Average LBP assessed 
using VAS score was 8.8±3.1 in 77 patients and referred 
leg or inguinal pain was 1.8±1.7 in 47 patients.

Table 2 shows data at final follow-up. Average VAS score 
was significantly improved after surgery. Sixty three  

patients indicated ≤60% of their presurgical VAS score 
after surgery (good outcome group). Fourteen patients  
indicated >60% of their presurgical VAS score after surgery  
(poor outcome group). There was no significant difference 
in the groups in the duration of symptoms before surgery, 
average age, or sex. We evaluated MRI findings in both 
groups before surgery. Between the two groups, there was 
also no significant difference in the level of the degen-
erated disc, disc degeneration based on the Pfirrmann 
grade, morphology of the disc based on the Macnab clas-
sification, or existence of a high intensity zone. However, 
there was significant difference in vertebral bone marrow 

127 patients 
● LBP and no dominant accompanying radicular pain
● Disc degeneration at only one level by MRI
● Agree with surgery for pain relief

Flow diagram of the current study

Negative discography: 40 patients

Positive discography: 87 patients

Surgery: 87 patients

Final follow-up (36±11 months)
Evaluation: 77 patients

Drop out: 5 patients 
Non-fusion: 5 patients

Fig. 1. Flow diagram of the study. LBP, low back pain; MRI, magnetic resonance imaging.

Excluded

Excluded

Table 1. Demographic characteristics

Characteristic  Value

No. of patients 77

Sex (male/female) 52/25

Age (yr)            42.1±6.0 (14–65)

Symptom duration (mo)            30.1±8.0 (6–240)

Follow-up after surgery (mo)                36±21 (24–120)

Low back pain

   Visual analogue scale score 8.8±3.1

Leg or inguinal pain

   Visual analogue scale score 1.8±1.7

Values are presented as mean (range).
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change (Modic type 1) based on Modic’s classification be-
tween two groups (p<0.05).

Patients in groups with either good or poor outcome 

had intense LBP in several body positions before surgery. 
Presurgically, 90% of patients in the group with good 
surgical outcome had LBP present at all times, 30% of 

Table 2. Relation between surgical outcome, imaging, and symptom before surgery

Characteristic Good surgical outcome 
(≥60% pain relief)

Poor surgical outcome 
(<60% pain relief) p-value

No. of patients 63 14 -

Sex (male/female) 42/21 9/5 0.86

Age (yr) 43.4±5.8 40.2±3.9 0.22

Symptom duration (mo) 29.7±8.5 31.0±7.5 0.39

Low back pain

   Visual analogue scale score 2.8±1.1 5.1±1.9   0.03a)

Magnetic resonance imagin findings

   Level

      L3/4 5 (8)   2 (14) 0.46

      L4/5 45 (71)   9 (64) 0.60

      L5/S1 13 (21)   3 (21) 0.95

   Pfirrmann grade

      Grade 3 10 (16)   2 (14) 0.88

      Grade 4 36 (57) 10 (71) 0.33

      Grade 5 17 (27)   2 (14) 0.32

   Macnab classification

      Degeneration   8 (13)   3 (21) 0.41

      Bulging 42 (67)   8 (57) 0.51

      Protrusion 13 (21)   3 (21) 0.95

High intensity zone   9 (14)   2 (14) 1.0

   Modic change

      Type 1 15 (24)   2 (14)   0.45a)

      Type 2   7 (11) 1 (7) 0.66

      Type 3 5 (8) 1 (7) 0.92

Low back pain intensity at several positions 
before surgery

   Low back pain was present at all times 57 (90) 12 (86) 0.60

   Worsening of back pain on standing 19 (30)   5 (36) 0.68

   Worsening of back pain on sitting 44 (70)   9 (64) 0.69

   Worsening of back pain on flexion 41 (65) 10 (71) 0.65

   Worsening of back pain on extension 22 (35)   4 (29) 0.65

Pain site before surgery

   Only low back pain 23 (37) 12 (86)     0.001a)

   Low back and inguinal pain 12 (19) 0     0.045a)

   Low back and leg pain 33 (52)   2 (14)   0.01a)

Values are presented as mean range or number (%).
a)A p<0.05 was considered significant. 
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patients had worsening of LBP on standing, 70% on sit-
ting, 65% on flexion, and 35% on extension. This pattern 
was similar in the group of patients with poor outcome. 
Therefore, differences in these symptoms did not predict 
surgical outcome (p>0.05). However, if the group with 
good outcome was defined as having true DLBP, worsen-
ing of back pain on extension was a symptom of DLBP.

Before surgery, 37% of patients in the group with good 
surgical outcome showed LBP alone, 19% showed low 
back and referred inguinal pain, and 52% showed low 
back and referred leg pain. The percentage of patients 
with LBP alone was significantly lower, and the percent-
age of patients with LBP plus referred inguinal or leg pain 
was significantly higher in the group with good surgi-
cal outcome compared with patients in the group with 
poor surgical outcome. We found less improvement of 
LBP after surgery in the group with LBP alone compared 
with patients with LBP plus referred inguinal or leg pain 
(p<0.05).

Discussion

Before surgery, worsening of LBP was found in 65% of 
patients in the group with good surgical outcomes on 
flexion, and in 35% on extension. Symptoms, such as 
worsening of back pain on flexion, extension, standing, or 
sitting, did not predict surgical outcome. However, surgi-
cal outcome was superior in patients with both LBP and 
either referred inguinal or leg pain compared with those 
with LBP alone.

Although discography is considered a useful diagnostic 
tool to identify patients with chronic discogenic LBP [3], 
discography is not highly predictive for identifying bona 
fide isolated intradiscal lesions primarily causing seri-
ous chronic LBP illness [4]. To avoid misdiagnosis before 
surgery, we selected patients with disc degeneration at a 
single level as seen on MRI, together with positive pain 
provocation on diagnostic discography. Furthermore, we 
categorized patients into those with either good or poor 
surgical outcome after fusion surgery. We consider that 
patients with a good or effective surgical outcome can be 
defined as having had true DLBP, and symptoms before 
surgery in patients from the group with an effective out-
come may be reliable for albeit retrospective diagnosis of 
DLBP. We defined the surgery as effective if patients indi-
cated ≤60% of their presurgical VAS score after surgery, 
and considered such patients as having had successful 

surgery. This criterion may not be definitive, however, we 
consider it better for the diagnosis of true DLBP com-
pared with discography alone.

Many physicians consider an increase of back pain on 
flexion as a sign of DLBP. One study measured interver-
tebral intradiscal pressure in subjects in several positions 
and reported high pressure in the sitting and flexion posi-
tions [7]. These findings are consistent with the finding 
that back pain is usually exacerbated on sustained sitting 
or forward bending of the trunk [7,8]. In the current 
study, worsening of LBP was evident on standing in 30% 
of patients from the group with good surgical outcome, in 
70% on sitting, in 65% on flexion, and in 35% on exten-
sion. These findings are similar to those of the aforemen-
tioned study. However, 35% of patients showed worsening 
of LBP on extension. We did not discern any significant 
difference in the outcomes of fusion surgery based on 
worsening of LBP in any of the various body positions 
before surgery. We conclude that pain worsens in various 
body positions in DLBP, but that any change in pain at 
various positions did not suggest improvement of surgical 
outcome.

Why does extension induce worsening pain in DLBP? 
Possibly because more sensory nerve fibers innervate the 
dorsal portion of the disc, compared with anterior portion 
of the disc [1]. MRI shows that the posterior disc contour 
abnormality is smaller in a flexion than in a neutral posi-
tion, and larger in an extension position than in a neutral 
position [15]. The McKenzie exercise is an extension exer-
cise used to evaluate patients with LBP. In one study, half 
of patients with DLBP were able to complete the McKen-
zie exercise. However, some were unable to complete the 
full range of extension during this exercise [16]. A full 
McKenzie physical evaluation was not tolerated in 36% of 
patients with DLBP diagnosed by discography. Further-
more, about half of the patients with DLBP were unable to 
benefit from the McKenzie evaluation [17].

In the current study, patients showed LBP alone or LBP 
plus referred inguinal or leg pain. However, the outcome 
of fusion surgery for patients with LBP plus referred in-
guinal or leg pain was superior to that in patients with 
LBP alone. The dorsal portion of the rat L5–6 disc is mul-
tisegmentally innervated by neurons from the T13 to L6 
DRG [1,10]. Most of the sensory neurons innervating the 
L5–6 disc derive from the L2 DRG [1,10]. Blockade of the 
spinal nerves at the same level as the degenerated disc is 
effective for some patients with DLBP, but for other pa-
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tients, blockade of L2 spinal nerves is effective [8,11]. Re-
ferred inguinal pain is seen in some patients with DLBP, 
and this symptom disappears after lumbar interbody fu-
sion [9]. Referred inguinal or leg pain may originate from 
an intervertebral disc and these symptoms may help to 
distinguish true DLBP from other types of LBP.

Modic type 1 or 2 vertebral changes are associated with 
better surgical outcomes in patients with DLBP [18,19]. 
A randomized trial of disc prosthesis and rehabilitation 
in 154 patients having chronic DLBP for at least 1 year 
found patients with disc degeneration and Modic type 1 
and 2 changes had a better surgical outcome compared 
with patients with rehabilitation alone [18]. Patients with 
chronic LBP, degenerated discs, and Modic type 1 changes 
undergoing fusion, had a more favorable outcome than 
those with no Modic change [19]. In the current study, 
there was no significant difference in the level of the de-
generated disc, disc degeneration based on the Pfirrmann 
grading system, morphology of disc based on Macnab’s 
classification, or existence of high intensity zone be-
tween patients in the group with good surgical outcome 
and patients in the group with poor outcome. However, 
there was significant difference in vertebral bone marrow 
change based on Modic’s classification (Type 1) between 
patients in the group with good surgical outcome and pa-
tients in the group with poor outcome. Further study with 
more patients is needed to clarify this point.

There are some limitations to the current study. A 
systematic review showed factors such as smoking, long 
duration of LBP, long-term sick leave, comorbidity, de-
pression, and work satisfaction have been identified as 
predictors of a poor outcome after spine surgery [5]. At 
the 12-months follow-up, patients with a good outcome 
have shown a marked improvement in their psychologi-
cal status, while those with a poor outcome worsened [6]. 
We did not evaluate psychological status. Second, there is 
a possibility that pain seen in the current study originated 
from facet joints. However, we did not infiltrate the facet 
joints with anesthetic to determine whether pain originat-
ed from facet joints. Interbody fusion may be ineffective 
for facet joint pain.

Conclusions 

Diagnosis of DLBP strictly based on MRI, discography 
outcomes, and surgical outcomes yielded 65% of patients 
with DLBP who showed worsening of LBP on flexion and 

35% who showed worsening of LBP on extension. Surgi-
cal outcomes were superior in patients with both LBP and 
either referred inguinal or leg pain compared with those 
having LBP alone. 
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