
Background: Herniated intervertebral disc disease (HIVD) is a common cause of lower back and leg 
pain. Percutaneous endoscopic lumbar discectomy (PELD) is indicated when non-surgical treatments 
such as medication and interventions are intractable. Ruptured discs and loose fragments inside discs are 
removed during PELD. Nerve root decompression is usually assessed by visualizing the free movement 
of the traversing nerve root or epidural fat, the free passage of a probe into the epidural space, the 
depression of the annulus, and the removal of the expected ruptured discs and loose fragments based 
on preoperative magnetic resonance images (MRI). However, these criteria are subjective, and the 
quantity of the disc removal necessary for successful outcomes after PELD has not been investigated. 

Objectives: The present study investigates the amount of discectomy of PELD and its clinical and 
radiological outcomes. 

Study Design: A retrospective case study (IRB Number H-1611-015-803).

Setting: University Medical Center, Seoul, Korea.

Methods: PELD was performed in 109 consecutive patients (M:F = 53:56; mean age, 37.4 
years) using the transforaminal or interlaminar route. Ruptured disc fragments were first removed 
in all patients, and the graspable loose fragments under the disc were removed. After surgery, all 
removed disc fragments were placed into disposable syringes and manually compressed to measure 
their volume. The volume of herniated disc outside the disc boundary was calculated in MRI. The 
measured and calculated disc volumes were retrospectively compared. Clinical success was defined 
as an improvement in both the Oswestry Disability Index (ODI) and leg pain, as well as no recurrent 
symptoms. Radiological success was defined as the disappearance of herniated disc material outside 
the disc boundary based on postoperative MRI taken within one day after surgery. The follow-up 
period was 7.2 ± 5.2 months.

Results: Successful clinical outcomes were obtained in 96/109 (88.1%) patients in a median time 
of 3 months. Re-operation was performed in 3 patients due to recurrent discs in 2 patients and a 
residual disc in one patient. Predictors of clinical success were not identified, and the quantity of the 
removed disc was not associated with the clinical outcome. 

Radiological success was achieved in 93/109 (85.3%) patients. Of 13 patients with radiological failure, 
2 patients showed clinical failure. A logistic regression analysis showed that the relative volume of the 
removed disc (%) compared with the volume of preoperative herniated disc based on the MRI was 
the only significant predictor (P < 0.001; OR = 0.96). When 100% of the calculated disc amount was 
removed during the operation, the probability of residual disc was 30%. When 131% of the calculated 
disc amount was removed, the probability of residual disc was 10%. 

Limitations: This study employed a retrospective design, and its inherent selection bias and limited 
statistical power should be considered.

Conclusions: The amount of disc removal during PELD was not a significant predictor of clinical 
success after the primary ruptured fragments were removed. The relative volume of the removed disc 
based on the preoperative MRI might predict the postoperative MRI. 
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tractable radicular leg pain for more than 6 weeks of 
medical treatment (e.g., physical therapy, epidural in-
jections, anti-inflammatory medications, and opioid 
analgesics) and HIVD based on MRI that corresponded 
to radicular symptoms (19). In total, 109 patients were 
included in the present study, and those with multiple-
level surgeries (2 patients), fibromyalgia (2 patients), 
combined spinal metastasis (one patient), Parkinson’s 
disease (2 patients), and previous lumbar surgery (19 
patients) as well as those not providing sufficient data 
(3 patients) were excluded from this study. Table 1 de-
scribes the patient demographics. The follow-up period 
was 7.2 ± 5.2 months (range, 3 – 24 months). 

Surgical Method
The surgical method was previously described in 

the literature (12,19,21). Briefly, PELD was performed 
via the transforaminal or interlaminar route. The per-
cutaneous endoscopic interlaminar approach and dis-
cectomy (PEID) was preferred for all patients with HIVD 
at L5-S1, whereas the percutaneous endoscopic transfo-
raminal approach and discectomy (PETD) was selected 
for patients with HIVD at L4-5 or above (21). The inter-
laminar approach was selected for patients with high-
grade superior or inferior migration of the disc (18,21). 
One surgeon who performed more than 800 PELDs 
over the preceding 8 years performed all the surger-
ies (13,18,21,22). General anesthesia was induced, and 
intraoperative spontaneous electromyographic (EMG) 
monitoring was used. An 18-gauge needle was inserted 
into the neural foramen for PETD, and a guide wire 
was introduced after removing the stylet. The working 
channel was inserted over the dilator along the guide 
wire after making an incision in the skin (8 mm). An 
endoscope (Vertebris system; Richard Wolf, Knittlin-
gen, Germany) was introduced into the neural foramen 
after the removal of the obturator. The ruptured disc 
fragments were identified as over or under the annulus 
in all cases and removed with forceps. The loose disc 
fragments under the ruptured disc fragments were 
removed using forceps. All of the graspable loose disc 
fragments were removed by changing the direction of 
the forceps and using flexible forceps. The decompres-
sion of the nerve root was indirectly confirmed by visu-
alizing the free movement of the traversing nerve root 
or epidural fat, the free passage of a probe into the 
epidural space, and the removal of the expected rup-
tured discs and loose fragments based on preoperative 
MRI (12,18,19). 

Herniated intervertebral disc disease (HIVD) 
is a common cause of lower back and leg 
pain. Discectomy is indicated when non-

surgical treatments such as medication, injections, 
and interventions are intractable (1). Micro and open 
discectomies (ODs) are standard surgical techniques 
for lumbar HIVD (2). This primary surgical procedure 
involves the removal of herniated disc fragments 
and the decompression of the nerve root. However, 
the optimal amount of disc removal is controversial. 
Two predominant types of discectomy exist: subtotal 
discectomy (including formal annulotomy, endplate 
curettage, and the removal of all accessible fragments 
in the disc space) and limited discectomy (including the 
removal of the herniated and loose fragments inside the 
disc) (3-7). The interest in minimally invasive surgeries 
such as percutaneous endoscopic lumbar discectomy 
(PELD) has increased recently (8-11). The symptomatic 
ruptured disc fragments and loose fragments inside the 
disc are generally removed during PELD (12). Previous 
studies have demonstrated that the recurrence rate 
associated with PELD is not higher than that with OD 
(12-16). The decompression of the entire nerve root in 
OD is confirmed under direct vision (17). In contrast, 
visualizing the entire nerve root is not always possible 
using a transforaminal or interlaminar approach during 
PELD (12,18-20). The decompression of the nerve root is 
indirectly confirmed by visualizing the free movement 
of the traversing nerve root or epidural fat, the free 
passage of a probe into the epidural space, and the 
removal of expected ruptured discs and loose fragments 
based on preoperative magnetic resonance images 
(MRI) (12,18,19). However, these aforementioned 
criteria are subjective, and the optimal quantity of disc 
removal required for a successful outcome after PELD 
has not been reported. The present study investigates 
the amount of discectomy necessary for successful 
clinical and radiological outcomes after PELD. 

Methods 
The institutional review board approved this study 

(IRB No. H-1611-015-803). Patient medical records and 
images were reviewed retrospectively. The volumes 
of the removed disc fragments were measured after 
surgery beginning in August 2014, and all data were 
recorded prospectively using an electronic medical re-
cording system (IRB No. 0507-509-153). In total, 138 
patients underwent PELD for lumbar HIVD between 
August 2014 and May 2016. All patients reported in-
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For PEID, the endoscope was introduced on the 
ligamentum flavum (LF) after the insertion of a dilator 
and working channel. An oblique trajectory was chosen 
in cases of highly migrated disc herniation based on the 
direction and amount of the migrated disc fragment. A 
small hole was created at the LF, and the working chan-
nel and endoscope were inserted into the spinal canal 
through the hole. The ruptured disc was visualized af-
ter the gentle retraction of the neural tissue using the 
working channel. The ruptured disc was removed first 
in all cases, and the loose fragments under the rup-
tured disc were removed. The working channel and en-
doscope were withdrawn after the completion of the 
PEID or PETD, and the skin was closed using 3-0 nylon 
sutures. Patients were encouraged to ambulate on the 
day of surgery and were discharged the following day.

Disc Volume Measurement
Preoperative MRI were used to measure the volume 

of the herniated discs. The areas outside the disc bound-
ary based on all axial images at the index level were 
measured using the tool in the image viewer (Fig. 1). 
The areas were summed and multiplied by the thickness 
of the gap in the axial image (Fig. 1, white arrow). An 
independent reviewer performed all measurements and 
analyses in a 150% magnified view using the measure-
ment tools in the image archiving and communication 
software (Marosis, version 5483, Infinitt Healthcare, 
Seoul, Korea), which was performed in a Microsoft Win-
dows environment (Microsoft Corp., Redmond, WA, 
USA) (23). The volumes of the removed disc materials 
were measured after surgery. All of the removed disc 
fragments were placed into 2.5- or 5-mL disposable sy-
ringes and manually compressed for volume measure-
ments (Fig. 2). The indicator in the syringe was used to 
assess the volume of the disc materials. 

Outcomes 
Clinical assessments were performed using a pa-

tient-reported outcome questionnaire that included 
a Korean version of the Oswestry Disability Index (K-
ODI/45) (24), and visual analog pain scores for the back 
(VAS-back/10) and leg (VAS-leg/10) (25). All of the pa-
tients completed the questionnaires preoperatively 
(25). The patients were scheduled to visit the outpatient 
clinic 1, 3, 6, and 12 months postoperatively, and the 
questionnaires were completed in every visit. The mini-
mal clinically important difference (MCID) for the VAS-
leg and VAS-back was 2.5 out of 10, and the absolute 
score was less than 3.5 (26-28). Similarly, the MCID of 

K-ODI was 9 out of 45 (26-28). A successful clinical out-
come was defined as an improvement in the VAS-leg 
and a K-ODI greater than the MCID without symptom 
recurrence during the follow-up period. 

A successful radiological outcome was defined as 
the disappearance of the herniated discs without re-
sidual fragments outside the disc boundary based on 
postoperative MRI within 2 days after surgery. Another 
reviewer who was blinded to the clinical outcomes as-
sessed the radiological outcomes (Fig. 3). 

Table 1. Patient demographics. 

Factors 

Age (years, mean ± SD) 37.4 ± 10.5 
(range, 18 – 65)

Gender (F) 56 (52%)

Body mass index (kg/m2) 23.7 (17.6 – 35) 

Symptom onset (months) 4 (0.1 – 24)

Weakness (yes) 38 (35%)

Smoking (yes) 27 (25%)

Straight leg raising test (°) 60 (10 – 90)

K-ODI (/45) 23 (8 – 45)

VAS-trunk (/10) 7 (0 – 10)

VAS-leg (/10) 7 (5 – 10)

Surgical level 

L1-2 1 (1%)

L3-4 6 (6%)

L4-5 67 (61%)

L5-S1 35 (32%)

Side (R:L:B) 48 (44%):55 (50%):6 (6%)

Multiple disc herniation 32 (29%)

Disc morphology 
(protrusion:extrusion/sequestration) 47 (43%):62 (57%)

High canal compromise (yes) 54 (50%)

Very high:high/low grade migration 6 (6%):103 (94%)

Pfirrmann grade (grade 1-3:4-5) 45 (41%):64 (59%)

Modic change (yes) 28 (26%)

Surgical method (PETD:PEID) 66 (61%):43 (39%)

Preoperative disc volume (mL) 0.9 (0.3 – 5.9)

Intraoperative removed disc volume (mL) 1.3 (0.4 – 5)

Removal percent (%) 142.2 (60.9 – 477.2)

Normally distributed variables are presented as the means ± SD; non-
normal continuous variables are presented as the medians (range); 
categorical variables are presented as frequencies (%). 
Abbreviations: K-ODI, Korean Oswestry Disability Index; VAS, visual 
analogue pain score; PETD, percutaneous endoscopic transforaminal 
lumbar discectomy; PEID, percutaneous endoscopic interlaminar 
lumbar discectomy
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Fig. 1. Measurement of  the herniated disc volume. 
Preoperative T2-weighted axial MRI were used to calculate the volume of the herniated discs. The area outside the boundary of the original 
disc was measured for each axial image (a1, a2, a3, …), and the added areas (a1 + a2 + a3 + …) were multiplied by the length of the space be-
tween the images (white arrow). The volume of the herniated disc was 1.7 mL. 

A

B

Fig. 2. Removed disc.  A. The ruptured primary disc fragments were removed. The graspable loose fragments under the removed major disc 
fragments were removed with forceps. B. All of the removed disc material was placed into disposable syringes and manually compressed to 
measure the volume. The indicator shows 2.2 mL.



www.painphysicianjournal.com  E741

Quality of Disc Removal and Radiological Outcomes of PELD

Results 
Successful clinical outcomes were obtained in 

96/109 (88.1%) patients within a median of 3 months 
(95% CIs = 2.9 – 3.1; Fig. 3). Improvements in VAS-leg, 
VAS-back, and K-ODI greater than the MCID were ob-
served in 99/109 (90.8%), 93/109 (85.3%), and 102/109 
(93.6%) patients, respectively. The preoperative VAS-
leg medians (range) were 7 (5 – 10) and 2 (0 – 8) at 
the last follow-up assessment. Similarly, the VAS-trunk 
median (range) changed from 7 (0 – 10) to 2 (0 – 8), and 
the K-ODI median changed from 23 (8 – 45) to 8 (0 – 29). 
The symptoms of 10 patients diagnosed with clinical 
failure were controlled using non-surgical treatments, 
but 3 patients underwent re-operation; 2 patients un-
derwent PELD at 3 and 6 months, respectively, due to 
recurrent disc herniation, and one patient underwent 
OD because of a residual disc fragment. No factors sig-
nificantly predicted successful clinical outcomes (Table 

Statistical Analyses 
Various factors were considered for the analyses: 

age, gender, preoperative clinical parameters (i.e., K-
ODI, VAS-leg and VAS-back), body mass index (BMI, 
kg/m2), symptom duration (months), the presence of 
weakness (less than manual motor power grade IV-/V), 
smoking status, limitations in the straight leg raising 
test, surgical level (L4-5, L5-S1, and other levels), side 
of the pain (right, left, and both), multiple-level disc 
herniation, disc morphology (protrusion vs. extrusion/
sequestration) (29), the presence of very high-grade mi-
grated disc herniation (yes vs. no) (18,20), centrally lo-
cated high canal compromised (> 50%) disc herniation 
(20), Pfirrmann’s grade at the index level (grade 1 – 3 vs. 
4-5) (30,31), the presence of Modic change (yes vs. no) 
(32), surgical method (PETD vs. PEID), preoperative disc 
volume (mL), intraoperative removed disc volume (mL), 
and the relative removal amount (%, 100 x intraopera-
tive removed disc volume/preoperative disc volume). 
We defined recurrence as “documented recurrent disc 
herniation based on MRI or computed tomography 
scan more than 3 months after the index operation at 
the same level or the same and contralateral side be-
cause of increased pain” (14). A continuous variable 
was summarized using the mean ± standard deviation 
(SD) for normal data or the median (range) for non-
normal data. Normality was assessed using the Shapiro-
Wilk test and a boxplot. Categorical data were summa-
rized using frequencies (%). First, a univariate analysis 
using a Cox proportional hazard model was performed 
to identify the predictors of the time to clinical success. 
The linearity of the continuous variables and the pro-
portional hazard assumption were checked using a re-
stricted cubic spline function (33) and a Cox regression 
model with time varying coefficients, respectively. Fac-
tors with P-values less than 0.1 in the univariate analysis 
were considered in the multivariable analysis, and for-
ward variable selection was used. 

Second, a logistic regression model was used to 
analyze the predictors of radiological success, and fac-
tors with P-values less than 0.1 in the univariate analy-
sis were considered for the multivariable analysis. The 
linearity of the continuous variable was examined us-
ing a restricted cubic spline function (33). The model 
adequacy was checked using the Hosmer-Lemeshow 
test and the area under the receiver operating char-
acteristic (ROC) curve. All statistical analyses were 
performed using SPSS (version 18.0, IBM Corporation, 
Armonk, NY, USA), and significance was defined as P 
< 0.05 (2-tailed). 

Fig. 3. Radiological outcome assessments. 
Postoperative T2-weighted axial and sagittal MRI were used to 
assess the radiological outcomes. The disappearance of the disc 
materials outside the boundary of the disc was regarded a radio-
logical success. Therefore, this figure reveals radiological success. 
The surgery was performed via the interlaminar route (thick 
arrow), and 129% of the herniated volume was removed. 
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2). Neither the amount of disc removal nor the radio-
logical outcome was significantly correlated with clini-
cal success (P > 0.5)

Successful radiological outcomes were achieved for 
93/109 (85.3%) patients. Two of the 13 patients with 
clinical failure exhibited radiological failure. The surgi-
cal method, preoperative disc volume, and relative re-
moval amount were included in the multivariate analy-
sis (Table 2). The relative amount of disc removal (P < 
0.001; OR = 0.96; 95% CIs = 0.94 – 0.98) was the only 
significant predictor in the logistic regression analysis. 
The Hosmer-Lemeshow goodness-of-fit test revealed a 
P-value of 0.24, and the area under the curve was 0.86 
(95% CIs = 0.77 – 0.96); these results supported the hy-
pothesis that the relative amount of disc removal ad-
equately explains the radiological success. Based on the 
present result, the probability of residual disc fragment 

according to the extent of disc removal in postopera-
tive MRI is presented in a formula and graph (Fig. 4). 
For example, when 100% of the calculated disc amount 
was removed during the operation, the probability of 
residual disc was 29.5%. To maintain the probability of 
residual disc at less than 10%, on average, more than 
131% of the calculated disc amount had to be removed, 
according to the prediction model. 

discussion 
The present study investigated the amount of dis-

cectomy required for successful clinical and radiological 
outcomes after PELD. The primary ruptured disc frag-
ment was removed during surgery in all patients, but 
they differed by the volume of the removed loose frag-
ments. Clinical success was achieved in 88.1% of the 
patients in the present study after PELD. The amount 

Table 2. Statistical analyses.

Factors 
Clinical success
HR (95% CIs)

Radiological success
OR (95% CIs)

Age 1.01 (0.99 – 1.03) 1.01 (0.96 – 1.06)

Gender  (F vs. M) 1.01 (0.68 – 1.51) 0.7 (0.24 – 2.03)

Body mass index (kg/m2) 1.02 (0.96 – 1.08) 1.08 (0.94 – 1.24)

Symptom onset (months) 1 (0.95 – 1.05) 1.01 (0.89 – 1.13)

Weakness  (Yes vs. no) 1.06 (0.69 – 1.62) 0.38 (0.1 – 1.44)

Smoking (Yes vs. no) 1.02 (0.64 – 1.63) 1.02 (0.3 – 3.46)

Straight leg raising test (°) 1 (0.99 – 1.01) 1.02 (0.99 – 1.05)

K-ODI (/45) 1.01 (0.98 – 1.03) 0.97 (0.9 – 1.04)

VAS-trunk (/10) 1.01 (0.92 – 1.1) 1.01 (0.79 – 1.29)

VAS-leg (/10) 0.97 (0.87 – 1.1) 0.94 (0.69 – 1.28)

Surgical level (L5-S1 vs. others) 0.89 (0.58 – 1.37) 0.44 (0.12 – 1.66)

Side

   L vs. B 1.18 (0.47 – 2.97) 0.85 (0.09 – 8.27)

   R vs. B 1.03 (0.41 – 2.61) 0.85 (0.09 – 8.44)

Multiple disc herniation (Yes vs. no) 0.94 (0.6 – 1.47) 0.51 (0.14 – 1.93)

Disc morphology (Protrusion vs. extrusion/sequestration) 1.01 (0.68 – 1.51) 0.76 (0.26 – 2.27)

High canal compromise (Yes vs. no) 0.96 (0.64 – 1.43) 1.02 (0.35 – 2.95)

Very high migration (Yes vs. no) 1.1 (0.44 – 2.7) 1.17 (0.13 – 10.76)

Pfirrmann grade (1-3 vs. 4-5) 1.03 (0.68 – 1.55) 0.83 (0.28 – 2.48)

Modic change (Yes vs. no) 1.03 (0.65 – 1.64) 0.96 (0.28 – 3.26)

Surgical method (PETD vs. PEID) 1.09 (0.72 – 1.63) 3.27 (0.87 – 12.25)

Preoperative disc volume (mL) 1.02 (0.77 – 1.35) 2.02 (0.99 – 4.09)

Intraoperative removed disc volume (mL) 1.01 (0.81 – 1.28) 0.7 (0.34 – 1.42)

Relative removal amount (%) 1 (0.98 – 1.02) 0.96 (0.94 – 0.98)*

Radiological success  (Yes vs. no) 1.04 (0.59 – 1.83)

*P-value < 0.05
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Fig. 4. Probability graph. The graph shows the probability of a residual disc fragment in the postoperative MRI and its 95% confidence 
interval. When 100% of the measured disc was removed during the operation, the probability of residual disc was 29.5% (95% CI: 18% – 44%) 
(arrow line). The probability can be calculated using the formula in the graph. 

of the removed disc was not associated with clinical 
outcomes in the present study, and no other prognostic 
factor was revealed. Radiological success was achieved 
in 85.3% of the patients. The relative volume of the re-
moved disc was most significantly associated with the 
radiological outcomes. The probability of residual disc 
in postoperative MRI is presented in the formula and 
graph. 

Amount of Disc Removal and Surgical 
Outcomes 

Recurrent disc herniation is often the primary issue 
after discectomy (13). Discectomy can be divided into 
2 types: subtotal discectomy and limited discectomy 
(4,7,17,34,35). Many papers have supported the use of 
subtotal discectomy because of the low associated re-
currence and re-operation rates (4,5,7,36). A prospective 
study by Carragee et al (17) demonstrated that limited 
discectomy is associated with a 2 times higher re-hernia-
tion rate than subtotal discectomy (18% vs. 9%). McGirt 
et al (37) performed a prospective study and compared 
the volume of the removed disc with that of the preop-

erative disc. A higher percentage of disc removal (28%) 
was associated with a lower chance of symptomatic re-
currence (OR = 0.30; 95% CIs = 0.10 – 0.98) than was a 
lower percentage of disc removal (13%) (37). The re-op-
eration rate of a more than 6-year follow-up study was 
approximately 2 times higher after limited discectomy 
than subtotal discectomy (5,38). However, problems as-
sociated with disc degeneration were reported after 
subtotal discectomy. The disc height decreased in 63% 
of the patients after subtotal discectomy but in only 
38% of the patients after limited discectomy (5). Modic 
change occurred in 47% of the patients after subtotal 
discectomy but in only 14% of the patients after limited 
discectomy after a 2-year follow-up (5,34). Consequent-
ly, more patients were off medication (35% vs. 23%), 
experienced less back pain (VAS 1.2 vs. 3), and main-
tained their preoperative work statuses (81% vs. 70%) 
after limited discectomy compared with subtotal discec-
tomy (17). McGirt et al (7) performed a meta-analysis of 
54 studies that included 13,359 cases of lumbar discec-
tomy via either subtotal or limited discectomy. The fre-
quencies of back pain and radiculopathy immediately 
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after surgery were similar in both surgeries; however, 
the frequency was 2.5 times higher after subtotal dis-
cectomy (27.8%) than after limited discectomy (11.6%) 
after 2 years or more. In contrast, the frequency of re-
current disc herniation was 2 times higher after limited 
discectomy (7% vs. 3.5%) (7). Another systemic review 
demonstrated similar results (39). No convincing evi-
dence supports the use of limited discectomy over sub-
total discectomy; nevertheless, limited discectomy leads 
to shorter operative times, a quicker return to work, 
and a decreased incidence of long-term recurrent lower 
back pain (39). 

PELD is similar to limited discectomy, including the 
removal of ruptured and loose fragments inside the 
disc; however, the amount of disc removal might be 
smaller than that in open limited discectomy. There-
fore, the risk of recurrence might be higher with PELD 
than with OD. However, a randomized controlled trial 
demonstrated a similar recurrence rate between PELD 
and OD (6.2 vs. 5.7%) (1,12). A nationwide cohort study 
also demonstrated that the re-operation rate was not 
higher after PELD during a 5-year follow-up period 
(13,14). The size of the annular defect associated with 
PELD seemed slight because of the small instruments 
and high magnification. The similar outcome after 
PELD with limited discectomy might be attributable to 
the minimal defect at the annulus (22,40,41). 

Amount of Disc Removal in PELD 
The amount of the removed disc material must be 

sufficiently large enough to decompress the neural tis-
sue without residual disc fragments inside the spinal ca-
nal to prevent recurrence. The entire nerve root may be 
visualized by removing large amounts of the annulus 
in PELD, but large annular defects are associated with 
a high recurrence rate (41,42). It is not always neces-
sary to visualize the entire nerve root in PELD because 
of indirect clues such as the free movement of the epi-
dural fat or nerve root during coughing or the Valsalva 
maneuver, the depression of the elevated annulus after 
the removal of disc fragments, the free passage of a 
probe into the epidural space, and the removal of esti-
mated ruptured disc fragments based on preoperative 
MRI. The clinical outcomes were not correlated with 
the amount of disc removal in the present study. The 
present study did not identify a predictor; however, we 
hypothesize that successful removal of the major rup-
tured fragments and confirmation of the decompres-
sion using the aforementioned clues might be sufficient 
to achieve clinical success. However, radiological success 

was correlated with the amount of disc removal. A pre-
vious paper compared the removed disc volume with 
the entire disc volume (37). However, the amount of 
loose fragments might be correlated with the size of 
the herniated disc, and the present study demonstrated 
that the relative volume was the most significant pre-
dictor (not the absolute volume). The removal of loose 
fragments might be customized based on the size of 
the herniated disc. The present study investigated the 
probability of radiological success based on the amount 
of disc removal and presents a formula and graph for 
calculation. However, postoperative MRI is not a rou-
tine test after every surgery. Postoperative MRI are 
generally required when persistent or recurrent symp-
toms are present (43). Lebow et al (44) demonstrated 
that the rate of radiological recurrent disc herniation 
after subtotal discectomy or sequestrectomy was 23% 
(25/108) over a 2-year follow-up, although 56% of 
these patients (14/25) were asymptomatic. Barth et al 
(34) also demonstrated that postoperative disc protru-
sion/extrusion was observed in 66% of patients after 
microdiscectomy and in 68% of patients after seques-
trectomy. Only 2 of 13 patients with radiological failure 
showed clinical failure in the present study. Therefore, 
radiological success might not be an absolute criterion 
for a successful surgery. However, residual disc frag-
ment with persistent compression was one cause of re-
operation (20,43). Radiological success has not always 
been correlated with clinical outcomes; nevertheless, 
the present study might be helpful when determining 
the amount of disc removal during surgery for radio-
logical success. 

Limitations
The present study has several limitations. 

•	 First,	 the	 retrospective	design	of	 this	 study	might	
lead to bias. The present study included consecu-
tive patients to minimize selection bias. However, 
the investigation failed to identify predictors of 
clinical success, and thus, a type II error is possible. 
A study with a larger sample is required to identify 
predictors of clinical success. 

•	 Second,	 one	 surgeon	 performed	 all	 the	 surgeries	
at a single institution. Common basic surgical tech-
niques and endoscopic instruments were used for 
all the patients, but limitations in generalizability 
might still exist. 

•	 Third,	 late	herniation	(>	11	months	after	surgery)	
was not considered (37). A long-term follow-up 
study is necessary to identify the optimal amount 
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of disc removal required for radiological and long-
term clinical success. 

conclusions 
The amount of disc removal in PELD did not signifi-

cantly predict clinical success following the removal of 
the primary ruptured fragments. The relative volume 
of the removed disc based on preoperative MRI might 
be a useful method to predict the postoperative MRI. A 
long-term follow-up study with many patients is neces-
sary to identify the amount of disc removal required for 
successful surgery.
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