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Abstract: Objective: This study aimed to investigate the prognostic factors for recurrent lumbar disc herniation
(rLDH) after transforaminal endoscopic lumbar discectomy (TELD). Methods: A total of 409 patients who under-
went TELD from June 2013 to March 2015 were divided into two groups based on recurrence, with 37 patients in
the recurrent group and 372 patients in the non-recurrent group. The baseline characteristics (sex, age, smoking,
drinking, hypertension, diabetes, work intensity, and postoperative exercises), clinical parameters (durations of
symptoms, hospital stay, operation time, preoperative visual analog scale (VAS), and VAS improvement rates) and
radiologic parameters (adjacent level disc degeneration) of the two groups were compared. Results: Among all the
409 patients, 13 in the recurrent group (35.1%) exhibited a large annular defect, with a significantly higher inci-
dence than in the non-recurrent group (19.6%). Moreover, 35.1% of the patients in the recurrent group underwent
postoperative exercises for paraspinal muscles, which was significantly higher than that in the non-recurrent group
(53.8%). Adjacent level disc degeneration was significantly correlated with rLDH after TELD. Multivariate analy-
sis showed that adjacent level disc degeneration, large annular defect and postoperative exercises for paraspinal
muscles were significantly related to rLDH after TELD. Conclusion: Adjacent level disc degeneration, large annular

defect and postoperative exercises for paraspinal muscles were prognostic factors for rLDH after TELD.
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Introduction

Recurrent lumbar disc herniation (rLDH) is a
common disease process, which could be
defined as the presence of herniated disc mate-
rial at the same level, regardless of ipsilateral
or contralateral herniation, in a patient who
experienced a pain-free interval for at least 6
months after discectomy [1, 2]. rLDH occurs in
5%-15% of cases surgically treated for primary
lumbar disc herniation [2-4]. A major cause of
rLDH after discectomy is that the annular rent
does not seal completely, thereby allowing the
remains to be continually exposed to mechani-
cal intradiscal pressure changes [5]. The prog-
nostic factors for rLDH after conventional dis-
cectomy and microendoscopic discectomy
(MED), such as disc degeneration, smoking,
obesity, disc herniation type, age, sex, large

annular defect, and undergoing a traumatic
event were investigated in numerous studies
[2, 6-8].

Transforaminal endoscopic lumbar discectomy
(TELD) has been widely performed and app-
roved by spinal surgeons for the treatment of
LDH in recent years [9-12]. Numerous studies
have determined the recurrence rate of LDH to
evaluate the clinical outcomes of TELD. Yeung
[11] reported a recurrence rate of 5% in 307
consecutive patients with a follow-up time of 1
to 1.5 years. A prospective, randomized, and
controlled study of 200 patients by Ruetten
[13], revealed a recurrence rate of 7.8% after 2
years of follow-up. However, these studies did
not analyze the prognostic factors for rLDH
after TELD. Although previous studies demon-
strated that rLDH may be influenced by several
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Figure 1. A: Patient is placed in the prone position. B, C: Posteroanterior and
lateral radiographs showing placement of the working tube after the injec-
tion of amethylene blue and iohexol. D: Intraoperative view in transforaminal
approach.

factors, including sex, smoking, herniated disc
generation, only a few studies considered adja-
cent level disc generation as a potential factor.
From June 2013 to March 2015, 409 consecu-
tive patients with a single-level lumbar disc her-
niation underwent TELD at our spinal center
and were followed up for more than 1 year. In
this study, we investigated whether the prog-
nostic factors, such as adjacent level disc
degeneration, being male, large annular defect,
occupation and postoperative sports exercises,
are associated with rLDH after TELD.

Materials and methods
Study subjects

Formal consent was not required for this type of
study. A total of 409 patients, who underwent
TELD in our spine center between June 2013
and March 2015, were included in our study.
The 409 patients with single-level LDH were
divided into two groups, namely, the recurrent
group (37 patients) and the non-recurrent
group (372 patients). We compared the base-

21855

line characteristics (sex, age,
smoking, drinking, hyperten-
sion, diabetes, work intensity,
and postoperative exercises),
clinical parameters (durations
of symptoms, hospital stay,
operation time, preoperative
visual analog scale (VAS), and
VAS improvement rates) and
radiologic parameters (adja-
cent level disc degeneration)
of the two groups.

Surgical techniques

Before surgery, a patient was
placed in the prone position
on a radiolucent table (Figure
1A). A C-arm radiograph was
used to confirm the surgical
disc. After routine disinfec-
tion, the skin and subcutane-
ous tissue of the patient were
infiltrated with local anesthe-
sia (1% lidocaine). The anes-
thetic was titrated to allow the
patient to communicate with
the surgeon throughout the
procedure. The entry point
was generally 10-14 cm from
the midline, and a long 18-gauge spinal need-
le was inserted from the entry point toward the
midline, and in the anterior-posterior view,
under intermittent fluoroscopic guidance. A
guide wire was inserted into the disc; A mixed
solution of amethylene blue and iohexol was
injected via the puncture needle. Subsequently,
the dilator and working cannula were inserted
into the foramen under fluoroscopic guidance
(Figure 1B, 1C). An endoscopic rongeur was
used to remove the blue-stained degenerated
nucleus, which was pathologically examined.
The pulsation of the dural tube and nerve root
was confirmed and used to indicate decom-
pression (Figure 1D). Hemostasis was per-
formed with bipolar diathermy. The endosco-
pe was removed after no active bleeding was
confirmed, and then one-point stitch was
performed.

Measurements of variables

Lumbar magnetic resonance imaging was per-
formed on all the 409 patients within one
month before TELD. The degree of adjacent
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Figure 2. A patient’s T2 weighted magnetic resonance imaging, paramedial
sagittal image showing adjacent level degeneration. Index level with herniat-
ed disc is L4/L5. Cephalad level graded as Pfirrmann 3. Caudal level graded

as Pfirrmann 4.

level disc degeneration was assessed on T2-
weighted sagittal sequences according to the
original Pfirrmann grading scale. The adjacent
levels cephalad and caudal to the herniation
were graded in the cases of L3/4 and L4/5
levels (Figure 2), whereas only the cephalad
disc was graded in the L5/S1 level. The size of
annular defect after discectomy was checked
by comparing it with a number-1 Penfield probe
(6 mm) in the process of TELD. We defined
annular defect >6 mm as a large annular de-
fect. Preoperative radiating pain was assessed
according to VAS. Postoperative exercises level
was classified according to whether patients
would exercise paraspinal muscles for at least
half an hour every day after TELD.

Statistical analysis

The mean + SD was determined for the con-
tinuous variables, and the frequencies and per-
centages were determined for the categorical
variables. We performed univariate analyses
for baseline characteristics, clinical and radio-
logic parameters using unpaired Student’s
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t-test and the chi-square te-
st. All the analyses were per-
formed using the Statistical
Package for the Social Scie-
nces (SPSS for Windows, ver-
sion 19.0 Inc.; Chicago, IL,
USA), and statistical signifi-
cance was accepted for P<
0.05.

Results

The baseline characteristics
of the 409 cases, including
the mean + SD and frequen-
cies, are shown in Table 1.
The mean ages of the recur-
rent and non-recurrent groups
were 42.7 and 46.3 years old,
respectively. The patients’
durations of symptoms before
TELD were 36.7 and 35.9
months respectively in the
recurrent and non-recurrent
groups, respectively. Postope-
rative exercise for paraspinal
muscles was shown to be a
prognostic factor for rLDH
after TELD.

The clinical and radiologic parameters are
presented in Table 2. Hospital stay, operation
time, preoperative VAS and VAS improvement
rates were not significantly different between
the recurrent group and non-recurrent group.
However, 13 patients exhibited a large ann-
ular defect in the recurrent group (35.1%), and
a significantly higher incidence than that in the
non-recurrent group (19.6%). Adjacent level
disc degenerations of 409 patients were sum-
marized, and a significant difference was ob-
served between the two groups.

All the variables with a P-value not higher
than 0.4 in the univariate analysis were includ-
ed in the multiple logistic regression model
(Table 3). The multiple logistic regression model
showed that adjacent level disc degeneration,
large annular defect and postoperative exer-
cises for paraspinal muscles were prognostic
factors for rLDH after TELD.

Discussion

Similar to pain relief [14] and life quality
improvement [15], the recurrence rate of LDH
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Table 1. Baseline characteristics of patients in each group

Recurrent group

Non-recurrent group

(n=37) (n=372) Prvalue
Sex (male:female) 20:17 220:152 0.549
Mean age (y) 42.7+15.9 46.3+15.4 0.517
Mean durations of symptoms (months) 36.7+47.8 35.9+54.9 0.919
Smoking (+):(-) 7:30 (18.9%) 98:274 (26.3%) 0.324*
Drinking (+):(-) 5:32 (13.5%) 61:311 (16.4%) 0.649
Hypertension (+):(-) 8:29 (21.6%) 80:292 (21.5%) 0.987
Diabetes (+):(-) 2:35 (5.4%) 21:351 (5.6%) 0.952
Work intensity (high):(low) 20:17 (54.1%) 209:163 (56.2%) 0.804
Postoperative exercises (+):(-) 13:24 (35.1%) 200:172 (53.8%) 0.031**
*P<0.4; **P<0.05.
Table 2. Clinical and radiologic parameters of patients in each group

Recurrent grou Non-recurrent grou

(n=37§ i (n=372)g P Puale

Hospital stay (d) 7.8+2.9 7.6+3.2 0.972
Operation time (min) 92.3+36.4 96.4+28.6 0.155*
Preoperative VAS 7.8+0.9 8.0+1.0 0.335%*
VAS improvement rate (%) 74.4£10.0 73.919.1 0.359%*
Disc herniation level (L3/4:L4/5:L5/S1) 1:21:15 18:186:168 0.672
Grades of adjacent level disc degeneration (1:2:3:4:5) 1:7:12:14:25 3:142:127:176:128 0.005**
Annular defect Large size (=6 mm):small size (<6 mm)  13:24 (35.1%) 73:299 (19.6%) 0.027**
*P<0.4; **P<0.05. VAS: visual analog scale.
Table 3. Predictors for rLDH using multivariate logistic disc degeneration (grades Ill, 1V, V,

regression analysis

and VI according to the modified
Pfirrman scale), which indicated a

Variables OR 95% CI P-value q five di ith q
Smoking 0.687 0.284-1.658 0.403 egenerative disc with a preserve
] ) disc height, is a prognostic factor for
Postoperative exercises 0.415 0.199-0.865 0.019 rLDH. Briseno et al [19] investigated
Operation time 1.005 0.993-1.017 0.392 the influence of adjacent level disc
Preoperative VAS 1.312 0.891-1.931 0.168 degeneration on the clinical out-
VAS improvement rate 0.223 0.003-15.457 0.488 comes after discectomy, and their
Adjacent level disc degeneration 0.576 0.422-0.841 0.003 results revealed no significant effect
Large annular defect (>6 mm)  2.365 1.115-5.014 0.025 no significant effect on functional or

VAS: visual analog scale.

is an important parameter to evaluate the effi-
ciency of different surgical procedures for dis-
cectomy. Certain discectomy techniques were
suitable for particular patients. The prognostic
factors for rLDH after different surgical proce-
dures were inconsistent. Thus, this study inves-
tigated the prognostic factors for rLDH after
TELD.

Disc degeneration was reported as a prognos-
tic factor for rLDH [4, 16]. Kim et al [17] and
Hasegawa et al [18] reported that moderate
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pain relief outcomes. However, few
studies reported the relationship
between adjacent level disc degener-

ation and rLDH. In the present study, as we
hypothesized, higher grades of adjacent level
disc degeneration could increase the recurrent
rate of rLDH. (Figure 3) Adjacent level disc
degeneration may raise the pressure on the
operative level disc, thereby accelerating the
degeneration rate of the operative level disc
and leading to its recurrence.

Largeannular defect (>6 mm) was determined
as a prognostic factor for rLDH after conven-
tional open lumbar discectomy [6] and MED
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Figure 3. Adjacent level disc degeneration of the re-
current group and non-recurrent group according to
the Pfirrmann grading scale.

[17]. Thermal annuloplasty for the annulus
fibrosus was performed with MED and TELD,
which indicated that large annular defects
should play the same role in the recurrence of
LDH. A large annular defect would delay the
healing process of the annulus fibrosus treated
by thermal annuloplasty, so it can increase the
recurrence rate of the remaining intervertebral
disc material [20]. In the present study, a large
annular defect was also the prognostic factor
for rLDH.

Postoperative exercises for paraspinal musc-
les are recommended by surgeons to rehabili-
tate patients who undergo lumbar discectomy
[21-23]. Patients without activity restrictions
and those who exercise their exercises for
paraspinal muscles immediately after lumbar
discectomy regain normal function without
increasing the rates of rLDH or other complica-
tions [24, 25]. In the present study, postop-
erative exercises for paraspinal muscles were
associated with rLDH, which indicated that
postoperative exercises for paraspinal muscles
may reduce the recurrence of rLDH. Some
studies have focused on the optimal compo-
nents of early multimodal rehabilitation after
lumbar discectomy and the timing of rehabilita-
tion, but no consistent postoperative strategy
has been carried out [26]. Nonetheless, post-
operative exercises for paraspinal muscles are
necessary to prevent rLDH.

Although this study carried out the indepen-
dent evaluation of baseline characteristics,
perioperative parameters, postoperative data
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collection, and radiologic parameters, some
limitations should be acknowledged. First,
some potential factors that were not recog-
nized should have been controlled to obtain
more statistically meaningful results. Second,
the patients included in our study underwent
surgery in different periods and the proficiency
of surgeons varied, TELD is a developing surgi-
cal technique, so the surgeons’ influence on
rLDH could not be eliminated. Third, this study
was retrospective. In the future, a prospective
controlled study will be conducted to prove our
conclusion.

Conclusion

Overall, TELD is an effective and safe proce-
dure for lumbar disc herniation. In this study,
we showed that adjacent level disc degenera-
tion, large annular defect and postoperative
exercises for paraspinal muscles were prognos-
tic factors for rLDH after TELD.
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