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Purpose: Bupivacaine is commonly used for the treatment of back pain and the 
diagnosis of its origin. Nonunion is sometimes observed after spinal fusion sur-
gery; however, whether the nonunion causes pain is controversial. In the current 
study, we aimed to detect painful nonunion by injecting bupivacaine into the disc 
space of patients with nonunion after anterior lumbar interbody fusion (ALIF) 
surgery for discogenic low back pain. Materials and Methods: From 52 patients 
with low back pain, we selected 42 who showed disc degeneration at only one 
level (L4-L5 or L5-S1) on magnetic resonance imaging and were diagnosed by 
pain provocation on discography and pain relief by discoblock (the injection of 
bupivacaine). They underwent ALIF surgery. If the patients showed low back 
pain and nonunion 2 years after surgery, we injected bupivacaine into the non-
union disc space. Patients showing pain relief after injection of bupivacaine un-
derwent additional posterior fixation using pedicle screws. These patients were 
followed up 2 years after the revision surgery. Results: Of the 42 patient subjects, 
7 showed nonunion. Four of them did not show low back pain; whereas 3 
showed moderate or severe low back pain. These 3 patients showed pain reduc-
tion after injection of bupivacaine into their nonunion disc space and underwent 
additional posterior fixation. They showed bony union and pain relief 2 years af-
ter the revision surgery. Conclusion: Injection of bupivacaine into the nonunion 
disc space after ALIF surgery for discogenic low back pain is useful for diagnosis 
of the origin of pain.
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INTRODUCTION

Low back pain (LBP) is a common clinical problem and is of considerable socio-
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into the disc space can detect painful nonunion after anteri-
or lumbar interbody fusion (ALIF) surgery in patients with 
discogenic LBP.

MATERIALS AND METHODS
　　　

The ethics committee of our institution approved the proto-
col for the human procedures used in this study and in-
formed written consent was obtained from each subject.

Patients
Fifty-two patients with LBP only, continuing for at least 3 
years, with no accompanying radicular pain were investi-
gated. Patients showed only one level of disc degeneration 
on MRI. Patients who had severe spondylolysis on disc de-
generation with two or more level lesions were excluded. 
Patients who had previously undergone spinal surgery were 
also excluded.

Discography or discoblock for the diagnosis of 
discogenic LBP before first surgery
Discography or discoblock at one intervertebral disc level 
was performed using a standard posterolateral approach 
with a 22-gauge needle (Becton Dickinson, Franklin Lakes, 
NJ, USA) in all 52 patients. For discography, the needle 
was inserted into the center of the disc under fluoroscopic 
control. Isovist 240 (range, 0.4-3.2 mL; Schering, Berlin, 
Germany) was injected into each disc until severe pain was 
provoked or until contrast medium was seen to leak out of 
the disc into the spinal canal. For discoblock, 0.75 mL of 
0.5% bupivacaine was injected into the disc. We defined 
the treatment as “effective” if patients indicated a Visual 
Analogue Scale (VAS) pain score at 2 hours that was less 
than 50% of their initial VAS score before injection.

When pain was both provoked during the discography 
and decreased after the discoblock, we confirmed a diagno-
sis of discogenic LBP.

Surgery
Forty-two patients diagnosed with discogenic pain showing 
1) one level disc degeneration on MRI, 2) pain provocation 
on discography, and 3) pain relief after discoblock, under-
went anterior discectomy and fusion surgery. We first per-
formed the discectomy, then cut the endplate at a thickness 
of 2 mm on both sides, and performed interbody fusion us-
ing iliac bone.

economic importance. However, there is currently little in-
formation on the pathogenesis of this disease. Although any 
of the spinal structures (intervertebral discs, facet joints, 
vertebral bodies, ligaments, or muscles) could be a source 
of LBP, the most likely cause is a lumbar intervertebral 
disc.1-3

For surgical treatment, the method of diagnosis of dis-
cogenic LBP is important. Generally, diagnosis of disco-
genic LBP is determined by observation of a “black disc” 
on magnetic resonance imaging (MRI) and pain provoca-
tion by discography.4,5 However, the reliability of discog-
raphy has been controversial.6,7 A randomized controlled 
trial showed that, compared with discography, pain relief 
after injection of a small amount of bupivacaine into the 
painful disc is a useful tool for the diagnosis of discogenic 
LBP, and diagnosis by discoblock improved surgical re-
sults.8,9

Generally, diagnosis of discogenic LBP is difficult and 
requires several methods. Therefore, if patients show both 
continuous LBP and nonunion after fusion surgery, the situ-
ation is even more complex. Indeed, several randomized 
trials have compared surgical to nonsurgical treatment of 
chronic LBP and arrived at conflicting conclusions.10 For 
these reasons, it is unclear whether the continuous pain 
originates from a misdiagnosis of primary discogenic pain 
or nonunion. Furthermore, some authors have reported a 
discrepancy between bone union and clinical results in pa-
tients with spinal stenosis associated with degenerative 
lumbar spondylolisthesis, and good results in nonunion cas-
es.11,12 In patients with lumbar spinal stenosis, LBP can 
originate from intervertebral discs, facet joints, and spinal 
nerve roots. Decompression is effective for postoperative 
LBP, therefore, it is difficult to directly compare postsurgi-
cal LBP between a union and nonunion group.

There have been a few reports of discography or discob-
lock at fused levels to detect postoperative back pain. Plou-
mis, et al.13 have reported a case of chronic back pain fol-
lowing two-level interbody and posterolateral fusion in the 
lumbar spine that was evaluated with bupivacaine injection 
into the nonunion space. Bupivacaine injection into an ap-
parently fused disc space with an interbody device may be 
helpful in patients with persistent postsurgical back pain 
caused by nonunion.

In the current study, we focused on patients with disco-
genic LBP, but without radicular back pain or leg pain, be-
cause the LBP was thought to originate only from discs. 
We aimed to examine whether injection of bupivacaine 
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RESULTS
 

Table 1 shows the demographic characteristics of the 52 pa-
tient subjects before ALIF surgery. Of these 52 patients, 42 
were diagnosed with discogenic LBP because pain was both 
provoked during the discography and decreased after the dis-
coblock. These 42 patients underwent ALIF revision surgery. 
No patient had dropped out at 2 years after surgery. Thirty-
five patients (83%) showed union and 7 (17%) showed non-
union 2 years after the first surgery (Table 2). Table 2 shows 
characteristics of the union and nonunion groups. Pain scores 
in the two groups significantly improved 2 years after the 
first surgery (Table 1 and 2). VAS score and ODI in the 
union group were significantly better than those in the non-
union group 2 years after the first surgery (Table 2).

Table 3 shows characteristics of the 7 patents in the non-
union group. Of these 7 patients, 3 showed LBP and 4 did 
not. The VAS score and ODI in the LBP group were signifi-
cantly worse than those in the group without LBP before 
revision surgery (Table 2).

Table 4 shows results of discography, discoblock, and re-
vision surgery for LBP in the 3 patients in the nonunion 
group. These 3 patients had pain provocation after discog-
raphy and relief after discoblock. They underwent posterior 
fixation surgery and their pain scores significantly im-
proved 2 years after this revision surgery (Figs. 1 and 2).

Radiographic and clinical evaluation
Radiography was used to evaluate bone union 2 years after 
surgery. X-ray images of profile views at flexion and exten-
sion positions were obtained. CT was performed to evalu-
ate bone union. Evaluation of bone union was blinded and 
conducted by 3 surgeons. Fusion was used to define bone 
union if at least 2 of the observers concurred.

Pain score
We evaluated the change in LBP before and after surgery. 
To evaluate pain, a VAS score (0, no pain; 10, worst pain) 
and the Oswestry Disability Index (ODI) for LBP were re-
corded before, 2 years after first surgery, and 2 years after 
revision surgery, and they were compared.

Revision surgery
Of the 52 patients in the study, 42 underwent ALIF surgery, 
and some of them showed both nonunion and LBP. We 
evaluated whether the pain originated from the nonunion 
site or not, and repeated the discography and discoblock. 
For discography, Isovist 240 (range, 0.4-1.0 mL; Schering) 
was injected into the nonunion disc space until severe pain 
was provoked or until contrast medium was seen to leak 
out of the disc into the spinal canal. For discoblock, 0.4 mL 
of 0.5% bupivacaine was injected into the nonunion site. 
When pain was both provoked during the discography and 
decreased after the discoblock, we confirmed a diagnosis of 
pain from the nonunion site. These patients underwent pos-
terior fusion surgery at one level. The single-level posterior 
fusion was performed using pedicle screws and an iliac 
bone graft on the lamina. Bilateral facet fusion was per-
formed in all patients. We did not use other osteoconductive 
products for spinal fusion. We finally evaluated their pain 
score 2 years after the revision surgery.

Statistical analysis
Data were compared using an unpaired t-test, χ2 test, and 
one-way analysis of variance for repeated measurements. 
p<0.05 was considered statistically significant.

Table 1. Demographic Characteristics
Number of patients 52
Sex Male: 35, Female: 17
Age, mean±SEM (range), yrs  36±6 (16-48)
Symptom duration, mean (range), yrs      7 (4-20)
Follow-up, mean (range), yrs 3.5 (2-5)
MRI findings

    Level
L2/3: 3
L4/5: 29

L5/S1: 20
Pain score
    Visual Analogue Scale low back pain 8.5±2.3
    Oswestry Disability Index 52±10

Table 2. Surgical Results 2 Years after 1st Surgery
Union group Non-uion group Statistical analysis

Number of patients 35 7   p=0.015
Sex Male: 26, Female: 9 Male: 4, Female: 3
Age, mean±SEM (range), yrs 36±5 (18-48) 35±6 (16-44) p=0.50
Pain score
    Visual Analogue Scale low back pain   2.0±1.9   3.8±2.0 p=0.45
    Oswestry Disability Index 16±7 22±6 p=0.43
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Table 3. Detail of Non-Fusion Group
Low back pain (+) Low back pain (-) Statistical analysis

Number of patients 3 4 p=0.25
Sex Male: 2, Female: 1 Male: 2, Female: 2
Age, mean±SEM (range), yrs 34±5 (16-44) 36±6 (20-42) p=0.50
Pain score
    Visual Analogue Scale low back pain   6.5±2.0   1.8±2.0   p=0.033
    Oswestry Disability Index 48±7 10±6 p=0.03

Table 4. Results of Discoblock and Revision Surgery in Low Back Pain (+) of Non-Union Group
Statistical analysis

Number of patients 3
Pain provocation after discography 3
Pain reduction after discoblock 3
Pain score
    Visual Analogue Scale low back  
      pain

  6.5±2.0 
(before revision surgery)

  2.0±2.2 
(2 yrs after revision surgery) p=0.02

    Oswestry Disability Index 48±7 
(before revision surgery)

18±8 
(2 yrs after revision surgery) p=0.04

A

A B C

B C D E
Fig. 1. A 35-year-old man with LBP and nonunion after ALIF surgery. Plain X-ray film images showing non-union after ALIF surgery at L5/S1 level (A). The pa-
tient showed LBP. Pain was both provoked during the discography and decreased after the discoblock (B: X-ray film, and C: CT). 2 years after revision sur-
gery, complete union was achieved and the patient did not show pain (D: X-ray film, and E: CT). LBP, low back pain; ALIF, anterior lumbar interbody fusion.

Fig. 2. A 28-year-old woman without LBP and nonunion after ALIF surgery. (A and B) Before surgery at L5-S1. (C) Nonunion after ALIF surgery at L5-S1. LBP, 
low back pain; ALIF, anterior lumbar interbody fusion.
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diographic fusion. In the current study, 3 patients showed 
LBP after ALIF surgery where there was nonunion. They 
showed pain relief after injection of bupivacaine into the 
disc space, and good results after revision surgery. We con-
cluded that injection of bupivacaine into the disc space of 
patients with discogenic LBP and nonunion after ALIF sur-
gery is useful for diagnosing the origin of their pain.

However, bupivacaine has been found to be chondrotoxic 
in vitro and several studies have suggested a dose and time-
dependent chondrotoxicity of bupivacaine.15-17 Furthermore, 
an apparently toxic effect of 0.5% bupivacaine on disc cells 
and articular chondrocytes in vitro has been reported.18 These 
reports indicated that 0.5% bupivacaine had an apparently 
toxic effect on disc cells and articular chondrocytes of ani-
mals and humans in vitro.15-19 An effect of 0.5% bupiva-
caine on articular chondrocytes in an in vivo model has 
been reported; however, the effect was somewhat different 
from the effects obtained in vitro.20 Rats receiving 0.5% bu-
pivacaine into the knee joint were observed for 6 months. 
The articular surfaces of joints injected with bupivacaine 
remained intact on gross and histological evaluation. It has 
been reported that radiological and MRI findings did not 
show acceleration of intervertebral disc degeneration within 
5 years of a single injection of bupivacaine into human 
discs.21 Therefore, we conclude that there is a difference in 
the effect of bupivacaine on discs in vitro and clinically, and 
that injection of bupivacaine into the disc space is safe for 
patients with discogenic LBP.

This study has several limitations. First, we examined 
only a limited number of patients. Second, 3 patients 
showed LBP and pain relief after injection of bupivacaine 
into their disc space, and good results after revision sur-
gery; however, the number of patients is quite small, and is 
probably not sufficient to make the current conclusions. 
Third, the effect of single or multiple injections of bupiva-
caine, the volume of bupivacaine, and its concentration 
were not examined in the current study. Fourth, there was 
no control group in the current study. It is desirable to per-
form posterior fusion in patients with painful pseudarthro-
sis without bupivacaine injection. Thus, larger numbers of 
patients, a control group, and the effects of bupivacaine ad-
ministration need to be evaluated to strengthen the current 
findings.

In conclusion, it is difficult to detect whether pseudoarthro-
sis is painful. Injection of bupivacaine into the disc space of 
patients with discogenic LBP and nonunion after ALIF sur-
gery is useful for diagnosing the origin of their pain.

DISCUSSION

In the current study, 17% of patients (7) with discogenic 
LBP showed nonunion after ALIF surgery. Of these 7 pa-
tients, 3 showed LBP and pain relief after injection of bupi-
vacaine into their disc space, and good results after revision 
surgery. We concluded that injection of bupivacaine into the 
disc space of patients with nonunion after ALIF surgery 
and discogenic LBP is useful for diagnosis of the origin of 
their pain.

In the current study, VAS score and ODI in the union 
group were significantly better than those in the nonunion 
group 2 years after their first surgery. Some authors have 
reported better surgical results for back pain in patients with 
union compared with nonunion.8,9,14 By contrast, however, 
others have reported a discrepancy between bone union and 
clinical results.11,12 

Fischgrund, et al.11 reported that there was no association 
with successful fusion and surgical outcome after surgery 
of degenerative lumbar spondylolisthesis. Fifty patients 
who had degenerative lumbar spondylolisthesis underwent 
fusion surgery. Thirty-six % of patients showed non-union 
after surgery. However, they showed better clinical results 
compared decompressive laminectomy alone.12 

In patients with lumbar spinal stenosis, LBP may origi-
nate from the intervertebral disc, facet joints, or spinal 
nerve roots. Therefore, it is difficult to compare postsurgi-
cal LBP between the union and nonunion groups. In the 
current study, the patient subjects only had discogenic LBP, 
and this LBP was thought to originate only from interverte-
bral discs. The current findings led us to conclude that 
union leads to superior surgical results in discogenic LBP 
patients, because other sites of back pain origin were ex-
cluded.

Ploumis, et al.13 have reported a case of chronic back 
pain following two-level interbody and posterolateral fu-
sion in the lumbar spine. They injected 5 mL of the contrast 
agent iohexol (240 mg/mL), followed by 2 mL of 0.5% bu-
pivacaine into the L4-L5 interspace where there was uncer-
tain radiographic fusion, and the patient noticed, essentially, 
complete resolution of his pain for the duration of the anes-
thesia. The patient underwent revision surgery, and subse-
quently achieved pain relief. These investigators concluded 
that injection of bupivacaine into the disc space could be 
used for diagnosis in cases of previous anterior interbody 
fusion with a cage, continuing back pain, and uncertain ra-
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