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Abstract: Background and Objectives: Chondroitin sulfate ABC endolyase (condoliase) was launched 

as a new drug for chemonucleolysis in 2018. Few studies assessed its clinical outcomes, and many 

important factors remain unclear. This study aimed to clarify the preoperative conditions in which 

condoliase could be highly effective. Materials and Methods: Of 47 patients who received condoliase, 

34 were enrolled in this study. The mean age of the patients was 33 years. The average duration 

since the onset of the disease was 8.6 months. We evaluated patients’ low back and leg pain using a 

numerical rating scale (NRS) score at two time points (before therapy and 3 months after therapy). 

We divided the patients into two groups (good group [G]: NRS score improvement ≥ 50%, poor 

group (P): NRS score improvement < 50%]. The parameters evaluated were age, disease duration, 

body mass index (BMI), and positive or negative straight leg raising test results. In addition, the loss 

of disc height and preoperative radiological findings were evaluated. Results: In terms of low back 

and leg pain, the G group were in 9/34 (26.5%) and 21/34 (61.8%) patients, respectively. Patients’ age 

(low back pain G/P, 21/36.5 years) was significantly lower in the G group of low back pain (p = 

0.001). High intensity change in the protruded nucleus pulposus (NP) and the spinal canal 

occupancy by the NP ≥ 40% were significantly high in those with leg pain in the G groups (14/21, p 

= 0.04; and 13/21, p = 0.03, respectively). Conclusions: The efficacy of improvement in leg pain was 

significantly correlated with high intensity change and size of the protruded NP. Condoliase was 

not significantly effective for low back pain but could have an effect on younger patients. 

Keywords: chemonucleolysis; condoliase; chondroitin sulfate ABC endolyase; lumber disc 

herniation 

 

1. Introduction 

Chemonucleolysis has been considered a minimally invasive treatment for cervical and lumbar 

disc herniation (LDH) for more than 50 years [1]. Although several enzymes (trypsin, hyaluronidase, 

cathepsin G, chymotrypsin, and calpain) have been proposed as therapeutic agents [2-6], only two 

enzymes (chymopapain and collagenase) have been used in clinical practice [1,7]. Chymopapain was 

introduced in July 1963 and was widely used throughout Europe, North America, and Australia [8-

10]. Following reports of severe adverse events, including fatal anaphylaxis, bleeding, and neurologic 

complications [11-16], the production of chymopapain (Chymodiactin® , Smith Laboratories Inc., 

MN, USA) was discontinued for nonscientific and commercial reasons in 2002. The first clinical study 
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on collagenase (nucleolysin) was reported in 1981 [7]. Subsequently, collagenase was reported to be 

less injurious to the spinal nerve roots and perineural tissues; however, it was reported to be less 

clinically effective than chymopapain [17]. Severe adverse events were also associated with this 

enzyme (cauda equina syndrome and disc herniation due to “digestion” of the annulus fibrosus) 

[8,18,19]. 

A safer and more effective chemonucleolysis enzyme was necessary, and chondroitin sulfate 

ABC endolyase (condoliase) from Proteus vulgaris was developed. To date, several basic experimental 

studies have shown promising results [12,22-27], and condoliase was finally launched in August 2018 

in the Japanese clinical field. The target of condoliase is chondroitin sulfate, which is distributed in 

the nucleus pulposus (NP) but not in the nerves and vascular tissues. Therefore, condoliase can be 

safely and specifically used for the treatment of LDH.  

Phase 1–3 clinical trials of condoliase were conducted in Japan. Matsuyama et al. reported the 

results of phases 2 and 3 trials of chemonucleolysis for the treatment of LDH (Clinical trial registration 

no.NCT00634946) [11]. In this study, 194 patients received three different doses of condoliase (1.25, 

2.5, or 5 U) or placebo injections, and the appropriate dose of injection was determined (1.25 U). Chiba 

et al. reported the results of phase 3 trials about chemonucleolysis with condoliase for LDH treatment 

[28]. In this study, 163 patients received 1.25 U of condoliase or placebo injections, and the leg pain 

significantly improved at 52 weeks after condoliase injection. Considering these good outcomes, 

chemonucleolysis with condoliase is being used to treat patients of LDH with radiculopathy who are 

resistant to conventional conservative treatments. 

Here, we report our therapeutic experience of 34 cases that were available for follow-up for more 

than 3 months out of 47 cases treated with condoliase in our hospital from August 2018 to August 

2019. 

2. Materials and Methods 

2.1. Patient selection 

LDH patients complaining of low back and/or leg pain were conservatively treated with 

medications and block therapy for at least 1 month. Chemonucleolysis with condoliase was 

considered in patients in whom the unilateral leg pain did not improve even after 1 month and in 

patients who did not wish to undergo surgery.  

The inclusion criteria were as follows. 1) LDH of the extrusion and subligamentous extrusion 

types, in which spontaneous regression is difficult. 2) The transligamentous extrusion type of LDH 

in which only a part of the posterior longitudinal ligament (PLL) is ruptured. Chemonucleolysis with 

condoliase was performed in 47 patients (34 men, 13 women) in our hospital from August 2018 to 

October 2019. We could include only 34 patients (24 men, 10 women) who could be followed up for 

3 months or more without any additional intervention (Figure 1). 

In the early stage of this study, chemonucleolysis with condoliase was performed on an 

intraforaminal LDH with spondylolisthesis in a 68-year-old woman; however, the leg pain worsened 

and full-endoscopic spine surgery (FESS) was required 3 months after chemonucleolysis. 

Subsequently, we excluded patients with spondylolisthesis (defined as ≥ 3 mm vertebral slipping 

based on the lateral-lumbar radiograph) and/or with instability (posterior intervertebral angle ≥ 5°).  

Among the 13 patients who dropped out, two underwent surgical treatment within 3 months 

after chemonucleolysis owing to poor pain relief. The remaining 11 patients could not be evaluated 

using postoperative plain radiographs or MRI because they did not visit our outpatient clinic. 
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Figure 1. Flow diagram of this study. LDH, lumbar disc herniation; FED, full-endoscopic discectomy; 

MED, micro-endoscopic discectomy. 

2.2. Procedure 

Patients were carefully log rolled into the prone position. During the procedure, a fluoroscope 

was placed across the center of the operating table to ensure appropriate positioning of the needle. 

In case of restricted fluoroscope movement, pelvic tilting was often performed to confirm the disc 

space and the needle trajectory (similar to the lateral recumbent position). After marking the site of 

entry on the skin, the skin was disinfected and covered with a surgical drape. Under local anesthesia, 

a 22-gauge spinal needle with a stylet was inserted into the center of the disc space using a 

posterolateral approach, from the side opposite to the side of radiculopathy. The position of the 

needle tip was confirmed with a posterolateral fluoroscopic view during insertion. The final position 

of the tip (the center of NP) was confirmed by both anteroposterior and lateral fluoroscopic views. 

The use of contrast medium was disallowed during the entire process. The stylet was removed, and 

1.25 U of condoliase (HERNICORE® , Seikagaku Corporation, Tokyo, Japan) dissolved in 1.2 mL of 

saline was injected. To ensure a prompt response in case of unexpected adverse events such as 

anaphylaxis, an intravenous line was established prior to the injection, and an antibiotic was 

administered 30 min before the procedure. The patients were hospitalized on the day of the injection. 

[29] Four full-time surgeons at our hospital performed all the procedures, and one of them was a 

spine specialist with 20 to 30 years of experience, and the remaining three were spine specialists with 

10 to 20 years of experience. 

2.3. Evaluation of the patients’ background 

Evaluation of the NRS score (10 indicates highest level of pain, 0 indicates no pain) was 

performed using a questionnaire that was filled by the patients themselves. The scores were 

evaluated before and 3 months after the procedure. The straight leg raising (SLR) test was performed 

in the outpatient department before the procedure.  

2.4. Image evaluation 

Plain radiographs and MRI were taken before and 1 month after the procedure and before and 

3 months after the procedure respectively. 

2.4.1. Height of the intervertebral disc.  
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The change in the height of the intervertebral disc was evaluated from pre- and postoperative 

plain radiographs. We calculated the Brandner’s disc index [30] using the following formula:  

The intervertebral disc height reduction rate is (B/A-B ‘/A’) / B/A × 100 (X is before the procedure 

X’ is after the procedure) (Figure 2).  

 

Figure 2. Brandner’s disc index. A is the maximum height of the vertebral body. B and C are the disc 

heights at the anterior and posterior portions, respectively. B/A is the anterior disc index. C/A is the 

posterior disc index. X is before the procedure. X’ is after the procedure. 

2.4.2. Occupancy ratio of the spinal canal by protruded nucleus pulposus(NP) 

The occupancy ratio of the spinal canal by the protruded NP was measured using T2-weighted 

MRI on axial view. The areas of protruded NP and the corresponding spinal canal were calculated 

using an image measurement software. The area of the spinal canal was defined as the region 

enclosed by the original dorsal surface of the annulus fibrosus and the ventral edge of the ligamentum 

flavum. The area of the protruded NP was defined as the region enclosed by the original dorsal 

surface of the annulus fibrosus and the dorsal surface of the protruded NP. The occupancy ratio was 

calculated using the following formula: occupancy ratio of the spinal canal is the area of the 

protruded NP (blue line area)/the area of the spinal canal (red line) × 100 (%) (Figure 3). 

 

Figure 3. Method for calculating the occupancy ratio of spinal canal by the protruded nucleus 

pulposus. The area of the protruded NP is the region enclosed by the blue circle. The area of the spinal 

canal is the region enclosed by the red circle. 

2.4.3. High-intensity change (HIC) of the protruded nucleus pulposus (NP) 
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The HIC of the protruded NP was determined on the sagittal view of the T2-weighted MRI. We 

defined HIC of the protruded NP when the intensity of the protruded NP was higher than the 

intensity of the surface of the protruded NP (Figure 4). 

  

Figure 4. High intensity change of protruded nucleus pulposus. The intensity of the protruded NP 

content is higher than that of the protruded NP surface (yellow arrow). 

2.5. Statistical methods 

We first valuated whether each variable (age, disease duration, NRS score, and BMI) followed 

the normal distribution, using the Shapiro-Wilk normality tests. Age was found to be normally 

distributed, while disease duration, NRS score, and BMI were not normally distributed. For age, 

paired t-tests were performed as a parametric test. For the NRS score, Wilcoxon signed-rank test was 

performed as a nonparametric test. For disease duration and BMI, the Mann-Whitney U test was used 

as a nonparametric test. We divided the patients into 2 groups based on the improvement in NRS 

score (low back pain and leg pain). Good group (G): NRS score improvement ≥ 50%, poor group (P): 

NRS score improvement < 50%. Both groups were compared using the Chi-square test or Fisher's 

direct method. A p-value < 0.05 was considered statistically significant. All statistical analyses were 

performed using SPSS version 20.0 (SPSS Inc., Chicago, IL, USA).  

3. Results 

The average age was 32.4 years (range, 13-68 years). The average duration since onset of the 

disease was 8.6 months (range, 1-26 months). There were 32 cases with intracanal LDHs, and 1 case 

each with foraminal LDH and extraforaminal LDH. Cases with LDH type (intracanal LDH) were as 

follows: protrusion in 5 patients, subligamentous extrusion in 24 patients, and trans-ligamentous 

extrusion in 3 patients. The LDH level was L4/5 in 25 patients and L5/S1 in 9 patients. Except for one 

patient with recurrence, the remaining 33 patients had de novo LDH (Table 1). 
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Table 1. Demographic data of 34 patients. 

 
Continuous data are presented as the mean ± SD. Categorical data are presented as numbers. 

Disc degeneration was graded on T2-weighted MRI using a grading system proposed by Pfirrmann 

[41]. 

BMI, body mass index; SLR, straight leg raising; NRS, numerical rating scale;  

LDH, lumbar disc herniation; HIC, high intensity change; NP, nucleus pulposus; MRI, magnetic 

resonance imaging 
We divided the patients into two groups (good group [G]: NRS score improvement ≥ 50%, poor 

group (P): NRS score improvement < 50%]. In terms of low back and leg pain, the G group were in 

9/34 (26.5%) and 21/34 (61.8%) patients, respectively. The NRS score for leg pain improved 

significantly 3 months after chemonucleolysis with condoliase (Figure 5). Regarding age (low back 

pain G/P 21/36.4 years), low back pain in the G group was seen in the younger age group compared 

to that in the P group (p=0.001) (Table 2). Regarding disease duration (low back pain G/P 7.4/9.3 

months, leg pain G/P 8.4/9.1 months) and BMI (low back pain G/P 22.4/23.9, leg pain G/P 23.5/21.7), 

there was no significant difference between the two groups (Tables 2 and 3). Furthermore, there was 

no significant difference between the two groups in the proportion of patients who had a positive 

SLR test.  
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Figure 5. Bar chart of changes in the NRS score for low back pain and leg pain following 

chemonucleolysis with condoliase. The NRS score for leg pain improved significantly 3 months after 

the injection. * p < 0.05 on Wilcoxon signed-rank test. 

Table 2. Comparison of demographic and baseline characteristics of patients with low back pain the 

G and P groups. 

 

*: paired t-test, **: Mann-Whitney U test, †: χ² test 

Table 3. Comparison of demographic and baseline characteristics of patients with leg pain the G and 

P groups. 

 
*: paired t-test, **: Mann-Whitney U test, †: χ² test 

The preoperative imaging findings were not significantly different between the two groups in 

patients with low back pain (Table 4). However, a significant difference was observed between the 

two groups in patients with leg pain with respect to the proportion of patients with HIC of the 

protruded PN (14/21 in G, 4/13 in P, p = 0.04) (Table 5). A significant difference was also observed 

between patients with leg pain in the two groups in terms of the spinal canal occupancy of NP. An 

occupancy ratio ≥ 40 % was observed in the G group with leg pain (13/21 in G, 3/13 in P, p = 0.03) 

(Table 5).  

Table 4. Comparison of imaging findings of patients with low back pain between the G and P groups. 

 

†: χ² test. HIC = high-intensity change, NP = nucleus pulposus, MRI = magnetic resonance imaging 
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Table 5. Comparison of imaging findings of patients with leg pain between the G and P groups. 

 

†: χ² test. HIC = high-intensity change, NP = nucleus pulposus, MRI = magnetic resonance imaging 

In some patients, low back pain increased within 1 month after chemonucleolysis; however, it 

usually improved within 1 month by taking analgesics. In one patient, low back pain worsened 

significantly after chemonucleolysis. The patient was a case of LDH with spondylolysis. We speculate 

that the decrease in the height of the intervertebral disc caused mechanical stress to the pars 

interarticularis defect, leading to aggravation of low back pain (Figure 6). 

 

Figure 6. A patient of herniation with spondylolysis in which low back pain worsened significantly 

after chemonucleolysis. The decrease in the intervertebral disc height (blue arrow) might cause 

mechanical stress to the pars interarticularis defect (yellow arrows). 

4. Discussion 

Chiba et al. reported a domestic phase 3 trial of condoliase for the treatment of protrusion type 

and sub-ligamentous extrusion type of LDH, in which the improvement in visual analog scale (VAS) 

score (improvement of VAS of leg pain ≥ 50% 12 weeks after administration of condoliase) was seen 

in 59/81 patients (72%) [28]. We used the NRS score for the evaluation of leg pain and defined 

improvement in NRS score ≥ 50% as good. This is similar to Chiba’s evaluation. The improvement 

rate in our study was 21/34 patients (61.8%). This was inferior to that in Chiba’s report. One of the 

reasons for this difference could be that Chiba’s study might have had a high rate of spontaneous 

remission, because a high rate of improvement (50%) was also observed in the placebo group. Banno 

et al. also reported that chemonucleolysis with condoliase was effective in 34/47 patients (70.2%); 

however, they defined more than 20 mm decrease in the VAS score as effective. There is also a 

possibility of inclusion of cases with trans-ligamentous extrusion that might have contributed to the 

good outcome Table 3 of Banno’s report [31,32]. Comparing the data of previous studies and our 

study, at least 60% of the cases with extrusion and sub-ligamentous extrusion type of LDH might 

respond to chemonucleolysis.  
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From this study, it can be suggested that the size of the protruded NP might be a predictive 

factor for the improvement of leg pain. Chemonucleolysis with condoliase might be less effective in 

cases with protrusion type and the small subligamentous extrusion type; however, it is difficult to 

precisely distinguish between the two on MRI. Nevertheless, a spinal canal occupancy ratio ≥ 40% is 

highly predictive of improvement in leg pain. Various surgical approaches from decompression 

alone to fixation, have been reported for the treatment of large central LDH, which are difficult to 

treat [33-37]. In recent years, transforaminal discectomy by FESS has been reported to have good 

results for large central LDH [38-40]. However, chemonucleolysis with condoliase seems to be a less 

invasive treatment than FESS and is suitable for large central LDH. We show below, representative 

images of a patient with large LDH treated by chemonucleolysis with condoliase in Figure 8. An 18-

year-old man with L4/5 LDH complaining of low back pain and left leg pain was first treated 

conservatively for more than 12 months. There was no improvement, and chemonucleolysis was 

performed. The improvement in low back pain and leg pain was gradually seen 4 weeks after 

chemonucleolysis without any adverse events. The NRS scores for both, low back and leg pains 

improved significantly from 7 to 0 and from 3 to 0, respectively, at 6 months after the treatment 

(Figure 7). 

 

Figure 7. Representative images of an 18-year-old man with large LDH. Preoperative sagittal (a) and 

axial (d) T2-weighted magnetic resonance imaging (MRI) showing sub-ligamentous LDH at L4/5. 

Sagittal (b) and axial (e) MRI taken 3 months after chemonucleolysis showing reduction of LDH. 

Sagittal (c) and axial (f) MRI taken 6 months after chemonucleolysis showing significant reduction in 

size. 

Bannno et al. investigated the signal intensity of the protruded PN and reported that patients 

with high intensity on T2-weighted MRI showed a better response to chemonucleolysis with 

condoliase [31]. From the results of our study as well, it can be suggested that high intensity change 

(HIC) in the protruding NP on T2-weighted MRI might be another predictive factor for the 

improvement of leg pain. The combination of occupancy rate and HIC of the protruding NP might 

serve as patient selection criteria, to achieve a higher response to chemonucleolysis with condoliase.  

We also obtained insightful information from patients who did not see an improvement or had 

of aggravation of low back and/or leg pain after chemonucleolysis and underwent discectomy. Two 

patients underwent surgical intervention within 3 months and were excluded from the above 

analysis (foraminal LDH associated with spondylolisthesis and a patient with recurrent LDH after 
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full-endoscopic discectomy]. Six of the 34 patients underwent surgical intervention after 3 months of 

follow-up. Among the patients, 8 required surgical intervention and 2 each had recurrent LDH, 

protrusion type LDH, and small sub-ligamentous extrusion type of LDH. The size of the protruded 

NPs did not change after chemonucleolysis. For recurrent LDH, scar formation following a previous 

surgery might affect the penetration of condoliase and shrinkage of the NP. The pre- and 

postoperative spinal canal occupancy ratio did not change in these 8 patients. Therefore, recurrent 

LDH, protrusion type of LDH, and small sub-ligamentous extrusion type of LDH should be 

excluded from the indication for chemonucleolysis with condoliase. We also pathologically 

examined the removed disc material and confirmed the preservation of the cartilaginous endoplate. 

This finding strongly supports the safety of condoliase against the surrounding normal tissues. 

With respect to low back pain, Chiba et al. reported that there was no significant difference in 

the treatment group compared with the placebo group in terms of improvement at 3 months after 

administration [28]. In our study as well, there was no significant improvement 3 months after 

administration. However, comparison between the G and P groups with low back pain revealed that 

there was a significant difference in age. However, 9 patients in their teens were included in this 

study; the G group was statistically younger than the P group. Nine teenagers also showed a good 

improvement in leg pain (improvement rate of NRS score of leg pain ≥ 50% 3 months after 

administration of condoliase was mean 85%); it might be considered that the low back pain was due 

to the nerve root compression. Chemonucleolysis with condoliase should be carefully considered for 

younger patients (<20 years) because of their growth and development. Since we observed no adverse 

events in the abovementioned 9 teenagers during the short follow-up period (range: 10-21 months), 

the indication of chemonucleolysis with condoliase might be extended to include younger patients.  

4.1. Limitation of this study 

The limitations of this study are its retrospective nature, small number of patients, and short 

follow-up periods. 

5. Conclusions 

This was a study of 34 patients with LDH, who underwent chemonucleolysis with condoliase. 

It was found that chemonucleolysis with condoliase was more effective for leg pain than for low back 

pain. Preoperative high signal intensity of the protruded NP on T2-weighted MRI and large 

protruded NP (occupancy ratio in spinal canal ≥ 40%) were potential predictive factors for condoliase-

response. Although chemonucleolysis with condoliase was not significantly effective for low back 

pain, it might be more effective for low back pain in the younger population (<20 years). It is 

concluded that chemonucleolysis with condoliase is a safe and effective treatment for LDH that is 

resistant to conservative therapy. It is expected that the indications will be expanded to juvenile LDH 

and other vertebral areas in the future. 

Author Contributions: Conceptualization, K Ishibashi and H Koga.; methodology, K Ishibashi.; software, All 

authors.; validation, All authors.; formal analysis, K Ishibashi.; investigation, All authors.; resources, All 

authors.; data curation, K Ishibashi.; writing—original draft preparation, K Ishibashi.; writing—review and 

editing, H Koga.; visualization, All authors.; supervision, H Koga.; project administration, H Koga.; funding 

acquisition, H Iwai.  

Funding: Please add: This research received no external funding. 

Acknowledgments: We thank all the operating room staff for their technical assistance, the medical records 

clerks who helped collect patient data. We also thank all radiological department staff for recording plain 

radiographs and MRI data. This work was partly supported by a grant from the Iwai Medical Foundation. 

Conflicts of Interest: The authors declare no conflict of interest.  

References 

1. Smith L. Enzyme Dissolution of The Nucleus Pulposus In Humans. JAMA 1964:187:137-40. 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 22 September 2020                   doi:10.20944/preprints202009.0517.v1

https://doi.org/10.20944/preprints202009.0517.v1


 11 of 12 

 

2. Dando PM, Morton DB, Buttle DJ, et al. Quantitative assessment of human proteinases as agents for 

chemonucleolysis. Spine 1988;13:188-92. 

3. Takenaka Y, Revel M, Kahan A, et al. Experimental model of disc herniations in rats for study of nucleolytic 

drugs. Spine (Phila Pa 1976) 1987;12:556-60.  

4. Wakita S, Shimizu K, Suzuki K, et al. Chemonucleolysis with calpain I in rabbits. Spine 1993;18:159-64.  

5. Kodama H, Shimizu K, Banno Y, et al. Calpain inhibition by cerebrospinal fluid and effects of calpain on 

intrathecal nerve tissue. Spine 2002;27:1077-81.  

6. Antoniou J, Mwale F, Demers CN, et al. Quantitative Magnetic Resonance Imaging of Enzymatically Induced 

Degradation of the Nucleus Pulposus of Intervertebral Discs. Spine 2006;31:1547-54.  

7. Sussman BJ, Bromley JW, Gomez JC. Injection of collagenase in the treatment of herniated lumbar disk. Initial 

clinical report. JAMA 1981;245:730-2.  

8. Artigas J, Brock M, Mayer HM. Complications following chemonucleolysis with collagenase. J Neurosurg 

1984;61:679-85. 

9. Flanagan N, Smith L. Clinical studies of chemonucleolysis patients with ten- to twenty-year follow-up 

evaluation. Clin Orthop Relat Res 1986;206:15-7.  

10. Tregonning GD, Transfeldt EE, McCulloch JA, et al. Chymopapain versus conventional surgery for lumbar 

disc herniation. 10-year results of treatment. J Bone Joint Surg Br 1991;73:481-6.  

11. Matsuyama Y, Chiba K, Iwata H, et al. A multicenter, randomized, double-blind, dose-finding study of 

condoliase in patients with lumbar disc herniation. J Neurosurg: Spine 2018;28:499-511.  

12. Takahashi T, Nakayama M, Chimura S, et al. Treatment of canine intervertebral disc displacement with 

chondroitinase ABC. Spine 1997;22:1435-9; discussion 1446-7.  

13. Hamai A, Hashimoto N, Mochizuki H, et al. Two distinct chondroitin sulfate ABC lyases. An endoeliminase 

yielding tetrasaccharides and an exoeliminase preferentially acting on oligosaccharides. J Biol Chem 

1997;272:9123-30.  

14. Dyck P. Paraplegia following chemonucleolysis. A case report and discussion of neurotoxicity. Spine 

1985;10:359-62.  

15. Buchman A, Wright RB, Wichter MD, et al. Hemorrhagic complications after the lumbar injection of 

chymopapain. Neurosurgery 1985;16:222-4.  

16. Cusick JF, Ho KC, Schamberg JF. Subarachnoid hemorrhage following chymopapain chemonucleolysis. J 

Neurosurg 1987;66:775-8.  

17. Zook BC, Kobrine AI. Effects of collagenase and chymopapain on spinal nerves and intervertebral discs of 

Cynomolgus monkeys. J Neurosurg 1986;64:474-83.  

18. Wintermantel E, Emde H, Loew F. Intradiscal collagenase for treatment of lumbar disc herniations. A 

comparison of clinical results and computed tomography follow-up. Acta Neurochir (Wien) 1985;78:98-104.  

19. Hedtmann A, Steffen R, Krämer J. Prospective comparative study of intradiscal high-dose and low-dose 

collagenase versus chymopapain. Spine 1987;12:388-92. 

20. Yamagata T, Saito H, Habuchi O, et al. Purification and properties of bacterial chondroitinases and 

chondrosulfatases. J Biol Chem 1968;243:1523-35.  

21. Sato N, Shimada M, Nakajima H, et al. Cloning and expression in Escherichia coli of the gene encoding the 

Proteus vulgaris chondroitin ABC lyase. Appl Microbiol Biotechnol 1994;41:39-46.  

22. Kato F, Mimatsu K, Iwata H, et al. Comparison of tissue reaction with chondroitinase ABC and chymopapain 

in rabbits as the basis of clinical application in chemonucleolysis. Clin Orthop Relat Res 1993;288:294-302.  

23. Sugimura T, Kato F, Mimatsu K, et al. Experimental chemonucleolysis with chondroitinase ABC in monkeys. 

Spine 1996;21:161-5. 

24. Chiba K, Masuda K, Andersson GB, et al. Matrix replenishment by intervertebral disc cells after 

chemonucleolysis in vitro with chondroitinase ABC and chymopapain. Spine J 2007;7:694-700. 

25. Olmarker K, Danielsen N, Nannmark U, et al. Microvascular effects of chondroitinase ABC and 

chymopapain. An in vivo experimental study on hamsters and rabbits. Clin Orthop Relat Res 1990;257:274-

9.  

26. Olmarker K, Strömberg J, Blomquist J, et al. Chondroitinase ABC (pharmaceutical grade) for 

chemonucleolysis. Functional and structural evaluation after local application on intraspinal nerve structures 

and blood vessels. Spine 1996;21:1952-6.  

27. Kato F, Iwata H, Mimatsu K, et al. Experimental chemonucleolysis with chondroitinase ABC. Clin Orthop 

Relat Res 1990;(253):301-8. 

28.Chiba K, Matsuyama Y, Seo T, et al. Condoliase for the Treatment of Lumbar Disc Herniation: A Randomized 

Controlled Trial. Spine (Phila Pa 1976) 2018;43:E869-76. 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 22 September 2020                   doi:10.20944/preprints202009.0517.v1

https://doi.org/10.20944/preprints202009.0517.v1


 12 of 12 

 

29. Katsuhiko Ishibashi , Hiroki Iwai, Hisashi Koga. Chemonucleolysis with chondroitin sulfate ABC endolyase 

as a novel minimally invasive treatment for patients with lumbar intervertebral disc herniation, Journal of 

Spine Surgery, Vol 5, Suppl 1 June 2019 

30. Brandner ME. Normal values of the vertebral body and intervertebral disk index in adults. The American 

journal of roentgenology, radium therapy, and nuclear medicine 1972;114:411-4. 

31. Banno T et al., Clinical outcome of condoliase injection treatment for lumbar disc herniation: Indications for 

condoliase therapy, Journal of Orthopaedic Science, https://doi.org/10.1016/j.jos.2020.02.002 

32. Komori H, Shinomiya K, Nakai O, Yamaura I, Takeda S, Furuya K. The natural history of herniated nucleus 

pulposus with radiculopathy. Spine (Phila Pa 1976) 1996 Jan 15;21(2):225e9. 

33.Barlocher CB, Krauss JK, Seiler RW. Central lumbar disc herniation. Acta Neurochir (Wein). 2000;142:1369-

1374. 

34. Knop-Jergas BM, Zucherman JF, Hsu KY, DeLong B. Anatomic position of a herniated nucleus pulposus 

predicts the outcome of lumbar discectomy. J Spinal Disord. 1996;9:246-250. 

35. Walker JL, Schulak D, Murtagh R. Midline disk herniations of the lumbar spine. South Med J. 1993;86:13-17. 

36. McGuire RA, Amundson GM. The outcome of surgically treated L4/5 central disc herniation. Orthopaedic 

Association of the English-Speaking World: Combined Meeting. J Bone Joint Surg Br. 1992;74:280 

37.Kulkarni AG, Tapashetti S. Outcomes of Discectomy in Young Adults With Large Central Lumbar Disc 

Herniations Presenting With Predominant Leg Pain. Global Spine J. 2020;10(4):412-418. 

doi:10.1177/2192568219856871 

38.Choi KC, Shim HK, Park CJ, et al. Usefulness of Percutaneous Endoscopic Lumbar Foraminoplasty for 

Lumbar Disc Herniation. World Neurosurg 2017;106:484-92. 

39.Lee SH, Choi KC, Baek OK, et al. Percutaneous Endoscopic Intra-annular Subligamentous Herniotomy for 

Large Central Disc Herniation. Spine (Phila Pa 1976) 2014;39:E473-9. 

40.Mikihito Kondo, Yasushi Oshima, Hirokazu Inoue, Yuichi Takano, Hirohiko Inanami, Hisashi Koga. 

Significance and pitfalls of percutaneous endoscopic lumbar discectomy for large central lumbar disc 

herniation, Journal of Spine Surgery, Vol 4, No 1 March 2018 

41.Pfirrmann CW, Metzdorf A, Zanetti M, Hodler J, Boos N. Magnetic resonance classification of lumbar 

intervertebral disc degeneration. Spine. 2001; 26: 1873-1878. 

 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 22 September 2020                   doi:10.20944/preprints202009.0517.v1

https://doi.org/10.20944/preprints202009.0517.v1

