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Objective: We attempted to investigate the potential risk factors of recurrent lumbar disc
herniation (rLDH) after tubular microdiscectomy.
Methods: We retrospectively analyzed the data of patients who underwent tubular microd-
iscectomy. The clinical and radiological factors were compared between the patients with
and without rLDH.
Results: This study included 350 patients with lumbar disc herniation (LDH) who under-
went tubular microdiscectomy. The overall recurrence rate was 5.7% (20 of 350). The visual
analogue scale (VAS) score and Oswestry Disability Index (ODI) at the final follow-up sig-
nificantly improved compared with those preoperatively. There was no significant difference
in the preoperative VAS score and ODI between the rLDH and non-rLDH groups, while
the leg pain VAS score and ODI of the rLDH group were significantly higher than those of
the non-rLDH group at final follow-up. This suggested that rLDH patients had a worse
prognosis than non-rLDH patients even after reoperation. There were no significant differ-
ences in sex, age, body mass index, diabetes, current smoking and drinking, disc height
index, sagittal range of motion, facet orientation, facet tropism, Pfirrmann grade, Modic
changes, interdisc kyphosis, and large LDH between the 2 groups. Univariate logistic re-
gression analysis revealed that rLDH was associated with hypertension, multilevel microd-
iscectomy, and moderate-severe multifidus fatty atrophy (MFA). A multivariate logistic re-
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INTRODUCTION LDH is rare before the age of 20, and its incidence reaches a peak

around the age of 50 and then declines gradually.’ The incidence

Lumbar disc herniation (LDH) is a very common lumbar de- of LDH did not differ between the sexes.> However, different
generative disease and imposes a significant burden on patients ~ professions or sports may influence incidence of LDH. For ex-
worldwide.! The lifetime incidence of LDH is estimated to be ~ ample, the machine operators and carpenters are more likely to
between 13% and 40%, with major socioeconomic implications.”>  suffer from LDH than sedentary office workers." Awkward work-
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ing postures, such as bending or twisting the torso for a long
time, or frequent exposure to strenuous physical activity can
increase the incidence of LDH.>® Additionally, except jogging
and walking, overall physical exercise and most physical activi-
ties will not increase the incidence rate of LDH.?

Conservative treatment is usually recommended at the onset
of disease.’” Surgical treatment such as microdiscectomy is usu-
ally recommended when conservative treatment fails.®* Howev-
er, its complications, especially recurrent LDH (rLDH), have
been reported to occur in 5%-15% of patients after primary sur-
gery.” Patients undergoing reoperation tend to have longer op-

10,11

erative times or hospital stays,'®"" more difficult procedures,'

and a poorer prognosis or quality of life'* !¢

than do patients un-
dergoing primary surgery. Therefore, it is necessary to identify
patients with LDH at risk for surgical revision prior to the ini-
tial surgery.

Current clinical studies have identified some possible related
or risk factors for the recurrence of LDH.”® In terms of clini-
cal factors, studies have found that sex, age, obesity, smoking,
and diabetes may be risk factors for rLDH.'®*?’ In terms of ra-
diological factors, it was found that the degree of disc degenera-
tion, Modic changes, disc height, facet direction, and sagittal
range of motion (SROM) are related to rLDH.****' Neverthe-
less, the current reality is that whether these clinical or radio-
logical variables do affect rLDH remains controversial. For ex-
ample, the sex of female was found to be a risk factor for rLDH,”
while some studies have found the opposite outcomes.” > There
are also different conclusions about the relationship between
age and rLDH."**** Furthermore, in addition to some variables
that have been extensively studied previously, we hypothesize
that some common but not studied variables such as interdisc
kyphosis, large LDH, and multifidus fatty atrophy (MFA) may
to be related to rLDH in this study.

rLDH is a complex process involving biomechanics and so-
cial behavior. A single consideration may be inadequate for this
complex process. Thus, a comprehensive analysis of clinical and
radiological variables for rLDH was developed for better surgi-
cal planning and assessment of the prognosis in this study.

MATERIALS AND METHODS

We retrospectively analyzed the data from patients who un-
derwent microdiscectomy in a single spine center by one quali-
fied surgeon from December 2016 to December 2020. This study
was approved by the Ethics Committee of Xinqgiao Hospital of
the Army Medical University (2022-499-01).
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The inclusion criteria were as follows: (1) microdiscectomy
for LDH and (2) follow-up duration of >1 year. The exclusion
criteria were as follows: (1) extreme lateral disc herniation or
calcified disc herniation and (2) follow-up duration of <1 year.
The extreme lateral disc herniation was defined as a herniated
disc located outside the intervertebral foramen.

1. Collection of Basic Information and Clinical Outcomes
We collected data on the basic information and clinical out-
comes of the patients, including sex, age, body mass index (BMI),
diabetes, hypertension, current smoking and drinking, and mul-
tilevel microdiscectomy (=2 levels). Additionally, we collected
the low back pain and leg pain visual analogue scale (VAS)* scores
and Oswestry Disability Index (ODI)* of the patients preopera-
tively and at the final follow-up. All clinical data were recorded
by qualified clinical follow-up staff. The follow-up methods in-
cluded outpatient clinic visits and telephone interviews. For the
patients who were followed up through outpatient clinic visits,
we completed the ODI questionnaire face-to-face. For those who
were followed up through telephone interviews, we completed
the ODI questionnaire by asking them question-by-question.
In addition, the postoperative low back pain and leg pain VAS
scores were evaluated. For the patients with recurrent symptoms,
we re-examined their lumbar magnetic resonance imaging (MRI)
scans to determine whether they had rLDH. rLDH was defined
as reherniation in the same segment and the same side on re-
peated MRI consistent with this symptom after at least 1 month
of symptom relief after surgery. In the previous studies, the pain-
free interval is inconsistent, ranging from 2 weeks to 6 months.*
We took one month as the minimum pain-free interval after
prior surgery in this study. The “recurrent symptoms” which
we defined must be similar to or more serious than those be-
fore the primary surgery, especially lower limb symptoms. Mild
back pain or remnant paresthesia will not be defined as a recur-

rence.

2. Radiological Assessment

All included patients underwent lumbar radiography, com-
puted tomography, and MRI before surgery. The radiological
variables assessed included the herniated disc Pfirrmann grade,*®
Modic changes,” disc height index (DHI), sSROM,™ facet orien-
tation (FO),” facet tropism (FT) (Fig. 1),”° interdisc kyphosis,
large LDH, and degree of MFA (Fig. 2C).”" Pfirrmann grades I,
I1, and III are defined as low grades and Pfirrmann grades IV
and V as senior grades. Modic change is divided into 3 types
based on different intervertebral signals on MRI. Type I: hypoin-
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tense signal in T1-weighted imaging (T1WI) and hyperintense
signal in T2-weighted imaging (T2WI). Type II: hyperintense

signal in TIWI and hyperintense signal in T2ZWT. Type III: hy-

Fig. 1. One line was drawn on the midaxial plane of the verte-
bra, and 2 lines were tangent to each articular process of the
facet joint. The facet joint angles on axial plane were o and .
The facet orientation was defined as (0+)/2; The facet tro-
pism is defined as |o-f).

pointense signal in TIWI and hypointense signal in T2WI. DHI
was defined as the ratio of the disc height to the lower vertebral
body height on the lumbar lateral x-ray of the herniated disc
segment (Fig. 3A, B). SROM was defined as the value of the hy-
perextension intervertebral angle minus the hyperflexion inter-
vertebral angle on the lumbar lateral x-ray of the herniated disc
segment (Fig. 3C, D). FO was defined as the mean value of the
right and left facet joint angle degrees (Fig. 1). FT was defined
as the absolute value of the difference between the right and left
facet joint angle degrees (Fig. 1). Large LDH was defined as the
herniated disc account for over 50% of the spinal canal area on
axial MRI (Fig. 2A, B). Interdisc kyphosis was defined as lordo-
sis angle of the intervertebral space at the surgical segment in
the lateral x-ray is less than 0°. If it is greater than or equal to 0°,
it does not belong to interdisc kyphosis (Fig. 3E, F). MFA is di-
vided into 4 grades based on the multifidus muscle’s cross-sec-
tional area on herniated disc level (Fig. 2D, G). That is, 0%-10%
fatty infiltration (normal), 10%-30% fatty infiltration (mild),
30%-50% fatty infiltration (moderate), and more than 50% fat-
ty infiltration (severe). All radiological factors were measured
and assessed by 2 qualified radiologists blinded to the research
design. All numerical results were expressed as the mean values

Normal

Moderate Severe

g
__.-_. .

Fig. 2. (A, B) The ratio of the area of the herniated disc (in the blue area) divided by the area of the spinal canal (in the white area)
>50% was defined as large lumbar disc herniation (LDH), otherwise it was non-large LDH. (C) The ratio of the area of the mul-
tifidus fatty atrophy (MFA) (in the blue area) divided by the area of the multifidus (in the white area). (D-G) The degree of MFA
was shown (normal: 0%-10% fatty infiltration, mild: 10%-30% fatty infiltration, moderate: 30%-50% fatty infiltration, severe:
>50% fatty infiltration).
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of the radiological variables measured by the 2 radiologists. All

radiological variables that need to be measured were completed
through Surgimap software (Nemaris, New York, NY, USA).
For the degree of MFA, we originally preformed the quantita-
tive measurements of muscle fatty atrophy based on the quanti-
fication. The mean value of the measurements by the 2 radiolo-
gists was adopt. Then, we performed the qualitative analysis ac-
cording to the quantitative values. These cases were classified as
normal, mild, moderate, and severe MFA according to the fatty
infiltration ratio.

3. Surgery

All patients underwent standardized tubular microdiscecto-
my according to our previously reported method”>” performed
by one qualified surgeon (HB) in a single spine center. Patients
were placed in prone position after general anesthesia. After
positioning of the surgical segment, an incision was made ap-
proximately 1 cm lateral to the midline on the symptomatic side
of the identified surgical segment. A surgical pathway to the
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Fig. 3. (A, B) Disc height index was defined as disc height
divided by upper vertebral body height (b/a). (C, D) Sag-
ittal range of motion was defined as hyperextension angle
- hyperflexion angle (a-f). (E, F) a >0° and <0° on lateral
lumbar spine x-rays were defined as interdisc lordosis and
interdisc kyphosis.

lumbar spine was created by inserting the sequential dilators
through the multifidus. We usually implanted a tapered retrac-
tor with a diameter of 20-22 mm on the upper end and a diam-
eter of 16-18 mm on the opposite end (Bosscom Technology,
Chongging, China) (Fig. 4A). In this procedure, we removed
the inferior edge of the lower lamina and the inner edge of the
inferior articular process. The overlying ligamentum flavum
was then excised and the nerve root was exposed. Then, the her-
niated disc was exposed and removed under a microscope (Carl
Zeiss, Inc., Oberkochen, Germany) (Fig. 4B). We do not destroy
the disc of origin in the process of removing the herniation. The
surgical philosophy is to remove a herniated disc with minimal
disruption of the normal disc under a microscope (limited dis-

cectomy).

4. Statistical Methods

The Kolmogorov-Smirnov test was used to test the distribu-
tion of the data. Normally distributed data were analyzed using
the t-test and nonnormally distributed data using the Wilcoxon
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Fig. 4. (A) The surgical tapered retractor was placed during the operation. (B) The nerve root (white arrow) is compressed by

the herniated disc (yellow arrow) under microscope.

Mann-Whitney U-test. Initially, we compared the differences in
the clinical and radiological outcomes between the non-rLDH
and rLDH groups using a univariate analysis. Student t-test or
the Wilcoxon Mann-Whitney test was used to examine the dif-
ferences in age, BMI, DHI, sROM, FO, and FT. The chi-square
or Fisher exact test was used to examine the differences in sex,
diabetes, hypertension, current smoking and drinking, disc de-
generation, Modic changes, multilevel microdiscectomy, MFA,
interdisc kyphosis, and large LDH.

Thereafter, we performed univariate and multivariate logistic
regression analyses to assess the relationship between rLDH
and the independent variables with a p-value of <0.2. The Om-
nibus tests of model coefficients were used to test the effective-
ness of this multivariate logistic regression analysis model. The
Hosmer-Lemeshow test was used to evaluate whether the mod-
el makes full use of the existing information, fits the model to
the greatest extent, and explains the variation of the model. The
statistical significance level was set at a p-value of <0.05. Statis-
tical analysis was performed using IBM SPSS Statistics ver. 21.0
(IBM Co., Armonk, NY, USA). The forest plot of the multivari-
able analysis was drawn by the Graphpad Prism 6.0 (Graphpad
Software Inc., San Diego, CA, USA).

RESULTS

1. Patient’s Demographics

A total of 506 patients were initially enrolled. Among them,
104 patients with lack of clinical or radiological data, 34 patients
with calcified disc herniation, and 18 patients with extreme lat-
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eral disc herniation were excluded. Finally, 350 patients who
met the inclusion criteria from December 2016 to December
2020 were included in this study. Among them, 330 patients
were classified into the non-rLDH group and 20 patients (5.7%)
into the rLDH group. In 20 patients with rLDH, the time from
primary surgery to recurrence is 2 to 54 months (mean, 26.5
months). The follow-up time after recurrence was 6-58 months
(mean, 24.2 months).

A total of 208 patients were men, and 142 were women. The
mean age, BMI, and follow-up time were 48.5 + 14.4 years, 24.5
+3.4 kg/m’, and 37 + 12.5 months, respectively. The mean low-
er back and leg VAS scores and ODI at the final follow-up sig-
nificantly improved compared with those preoperatively. Among
the rLDH patients, 9 patients underwent tubular microdiscec-
tomy again, 6 patients cases underwent minimally invasive trans-
foraminal lumbar interbody fusion (Mis-TLIF), 4 patients un-
derwent TLIE and 1 patient underwent conservative treatment.
Although the preoperative VAS score and ODI in the rLDH
group were not significantly different from those in the non-
rLDH group, the leg VAS score (p=0.01) and ODI (p=0.002)
at the final follow-up in the rLDH group (get additional treat-
ment after recurrence) were significantly higher than those in
the non-rLDH group. This suggested This suggested that de-
spite reoperation in the majority of rLDH patients, they had a

worse prognosis than non-rLDH patients.
2. Univariate Analysis of rLDH
The outcomes of the univariate analysis are shown in Tables

1 and 2. In terms of the clinical factors, we did not find signifi-
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Table 1. Comparison of clinical variables between the 2 groups

Table 3. Interobserver reliability of the radiological variables

Variable rLg\IIi%r(;))up NO;(;I;}])) - p-value
(N =330)

Sex 0.068

Male 8(40.0) 200 (60.6)

Female 12 (60.0) 130 (39.4)
Age (yr) 545+124 481%145 0.054
BMI (kg/m?) 249+3.2 245+3.5 0.612
Follow-up time (mo) 482+19.7 36.9+15.3 0.020
Diabetes 2 (10.0) 19 (5.8) 0.771
Hypertension 6 (30.0) 41(12.4) 0.025
Current drinking 1 (5.0) 34 (10.3) 0.443
Current smoking 3(15.0) 79 (23.3) 0.519
Pre ODI 52.2+25.1 56.3+£18.6 0.354
Pre VAS of low back pain 34+£23 3.0£2.7 0.479
Pre VAS of leg pain 6.1+2.0 6.1+2.2 0.962
Final ODI 18.1+£124 9.1+125 0.002
Final VAS of low back pain ~ 1.4£2.0 0.7+1.0 0.198
Final VAS of leg pain 1.9+22 0.5+0.9 0.01
Multilevel surgery 5(25.0) 28 (8.5) 0.014

Values are presented as number (%) or mean + standard deviation.
rLDH, recurrent lumbar disc herniation; BMI, body mass index; OD],
Oswestry Disability Index; VAS, visual analogue scale.

Table 2. Comparison of radiological variables between the 2
groups

rLDH Non-rLDH
Variable group group  p-value
(N=20) (N=330)
DHI 0.41+0.08 042+0.49 0.945
sROM 8.84+4.54 8.01+4.07 0.377
FO 47.0+11.3 48.1+94 0.648
FT 596+£5.19 6.49+£520 0.656
Pfirrmann’s grade 0.586
Low grade (grade I, IT, III) 4(20.0) 93(28.3)
Senior grade (grade IV, V) 16 (80.0) 236 (71.1)
Modic change 9(45.0)  95(28.8) 0.123
Multifidus fatty atrophy 0.005
Low grade (normal-mild) 11 (55.0) 267 (80.5)
Senior grade (moderate-severe) 9 (45.0) 63 (19.1)
Interdisc kyphosis 2(10.0) 41(12.4) 0.748
With large LDH 2(10.0) 74(224)  0.303

Values are presented as mean + standard deviation or number (%).
rLDH, recurrent lumbar disc herniation; DHI, disc height index;
sROM, sagittal range of motion; FO, facet orientation; FT, facet tro-
pism; LDH, lumbar disc herniation.
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Interobserver k(95% CI) Agreement
Reader 1 vs. reader 2 (Pfirrmann grade) 0.844 Very good
Reader 1 vs. reader 2 (Modic change) 0.938 Very good
Reader 1 vs. reader 2 (large LDH) 0.925 Very good
Reader 1 vs. reader 2 (interdisc kyphosis) ~ 0.819 Very good
Reader 1 vs. reader 2 (multifidus fatty 0.846 Very good

atrophy)

Strength of agreement: k>0.80 (very good), 0.80=k>0.60 (good),
0.60>k>0.40 (moderate), 0.40 >k > 0.20 (fair), k<0.20 (poor).
CI, confidence interval; LDH, lumbar disc herniation.

Table 4. Univariate logistic regression analysis of (LDH

Variable p-value OR 95% CI
Sex 0.075 0.433 0.172-1.089
Age 0.056 1.063 0.999-1.063
Hypertension 0.032 3.021 1.099-8.300
Multilevel surgery 0.021 3.595 1.216-10.626
Modic change 0.130 2.024 0.813-5.041
Multifidus fatty atrophy 0.008 3.468 1.378-8.725

rLDH, recurrent lumbar disc herniation; OR, odds ratio; CI, confi-
dence interval.

cant differences in sex, age, BMI, diabetes, or current smoking
and drinking between the non-rLDH and rLDH groups (p > 0.05).
Hypertension (p=0.025) and multilevel microdiscectomy (p=
0.014) were more common in the rLDH group than in the non-
rLDH group.

In terms of the radiological factors, we did not find signifi-
cant differences in the DHI, sSROM, FO, FT, Pfirrmann grade,
Modic changes, interdisc kyphosis rate, and large LDH rate be-
tween the non-rLDH and rLDH groups (p>0.05). However, we
found that moderate-severe MFA was more common in the
rLDH group than in the non-rLDH group (p=0.005). Addi-
tionally, the interobserver reliability of the radiological categori-
cal factors (Pfirrmann grade, Modic changes, Large LDH, In-
terdisc kyphosis, MFA) are shown in Table 3. All the variables
get very good interobserver reliability.

3. Univariate and Multivariate Logistic Regression Analysis
of r(LDH
We included factors with p-values of <0.2 (sex, age, hyper-
tension, multilevel microdiscectomy, Modic changes, MFA) and
performed univariate and multivariate logistic regression analy-
ses (Tables 4, 5). The univariate logistic regression analysis re-
vealed that rLDH was significantly associated with hypertension,
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Table 5. Multivariate logistic regression analysis of TLDH

Variable p-value Forest plot OR (95% CI)

Sex 0.184 Hh 0.519 (0.197-1.367)
Age 0.742 H 1.006 (0.970-1.044)
Hypertension 0.292 i 1.894 (1.099-8.300)
Multilevel surgery 0.109 :—' 2.733 (0.798-9.355)
Modic change 0.173 —_— 1.953 (0.745-5.122)
Multifidus fatty atrophy 0.021 otz 4 e 8w 3.414 (1.190-8.253)

rLDH, recurrent lumbar disc herniation; OR, odds ratio; CI, confidence interval.

Table 6. Comparison of outcomes between the normal-mild
MFA and moderate-severe MFA groups

Normal-mild ~ Moderate-se-
Subgroup MFA group vere MFA group p-value
(N=278) (N=72)

Sex 0.346

Male 169 (60.8) 39 (54.2)

Female 109 (39.2) 33 (45.8)
Age (yr) 48.0+13.9 50.4+16.2 0.248
BMI (kg/m?) 243+3.7 249+3.5 0.211
Diabetes 15 (5.4) 6 (8.3) 0.402
Hypertension 34(12.2) 13 (18.1) 0.243
Current drinking 30 (10.8) 5(6.9) 0.387
Current smoking 70 (15.0) 12 (23.3) 0.160

MFA, multifidus fatty atrophy; BMI, body mass index.

multilevel microdiscectomy, and moderate-severe MFA. The
multivariate logistic regression analysis revealed that moderate-
severe MFA was the sole and strongest risk factor for [LDH (p=
0.021; odds ratio, 3.414; 95% confidence interval [CI], 1.190-
8.253). In the Omnibus tests of model coefficients, p=0.01 in-
dicated that this multivariate logistic regression predictive model
was valid. In the Hosmer-Lemeshow test, p=0.306 indicated
that the goodness of fit of this model was good. The outcome of
this model indicated that after homogenization for other fac-
tors, the recurrence probability of LDH combined with moder-
ate-severe MFA was approximately 3.414 times that of LDH
combined with normal-mild MFA.

Finally, we compared the sex, age, rates of diabetes hyperten-
sion, current smoking, and drinking between the normal-mild
MFA group and the moderate-severe MFA group (Table 6). We
found that the age and BMI, rates of female, diabetes, hyperten-
sion, current smoking of the moderate-severe MFA group were
slightly higher than those of the normal-mild MFA group. How-
ever, there was no statistical difference in these variables.

https://doi.org/10.14245/ns.2346054.027

DISCUSSION

The uncertainty of rLDH is unsettling for both surgeons and
patients, as reoperation may result in a worse clinical outcome
or quality of life than initial surgery."*"* Therefore, it is neces-
sary to establish a predictive model of rLDH for the evaluation
of patient prognosis. At present, studies have found some clini-
cal or radiological factors related to rLDH after lumbar decom-
pressive surgery (Table 7). In addition to some previously
studied factors, we also included some presumed related but
not confirmed variables. In this study, we first explored whether
current drinking, multilevel microdiscectomy, degree of MFA,
interdisc kyphosis, and large LDH were associated with rLDH.

1. Sex and Age

The relationships between sex, age, and rLDH have been wide-
ly studied. Most studies have not found an association between
sex and rLDH.*"**?2%%% However, Oh et al.* found that female
sex is a risk factor for rLDH, while some studies found men to
be more likely to experience recurrence than women.”* Li et
al.” and Ziegler et al.** found that younger age is a risk factor
for rLDH. Yurac et al.” also found that an age of <35 years was
a risk factor for requiring revision surgery, whereas Siccoli et
al."® found that patients aged > 35 years had rLDH earlier. Ad-
ditionally, Yao et al.**”” and Kienzler et al.*® both found that an
age of > 50 years was a risk factor for r(LDH. Therefore, the cor-
relation between rLDH and sex or age remains controversial. In
this study, we found no significant differences in sex (p=0.068)
and age (p=0.054) between the rLDH and non-rLDH groups.
Therefore, the effects of sex and age on rLDH are weak in this
study. Therefore, our results do not support the correlation be-
tween sex or age and rLDH.

2. Body Mass Index
It seems common to make a subjective link between obesity
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Table 7. A review of risk or related factors of rLDH

Study Risk or related factors
Clinical study
Carragee et al.>* (2003) Annular competence (massive posterior annular loss), type of herniation (extruded fragments)

Kara et al.”” (2005)
McGirt et al.>* (2009)
Kim et al.* (2009)
Meredith et al.*® (2010)
Moliterno et al.'” (2010)
Oh et al.® (2012)

Kim et al.* (2013)
Shimia et al.?' (2013)
Matsumoto et al.”” (2013)
Kim et al.** (2015)
Leven et al.*> (2015)
Miwa et al.** (2015)
Chang et al.** (2016)
Yao et al.* (2016)

Yurac et al.”® (2016)

Yao et al.” (2017)

Willhuber et al.** (2017)
Yaman et al.”* (2017)
Tkuta et al.*” (2017)
Belykh et al.* (2017)

Fotakopoulos et al.** (2018)
Lietal.® (2018)

Wu et al.** (2018)
Andersen et al.* (2018)
Lee et al.* (2019)
Shin et al.** (2019)
Ziegler et al.** (2019)
Park et al.*® (2019)
Kim et al.* (2019)

Li et al.* (2020)

Jalil et al.** (2020)
Ding et al.*” (2020)
Zhao et al.* (2021)

Siccoli et al.® (2021)
Kienzler et al.>® (2021)
Jia et al.** (2021)

Lack of regular exercise

Larger annular defects, less disc removal

Smoking, disc degeneration scale, higher DHI and sSROM

Obesity

Surgical methods (open discectomy), lower BMI

Female, type of disc herniation (previous extruded and sequestrated disc) and traumatic events
Surgical procedure (laminectomy)

Male, taller height, heavy works and being smoker

Caudally migrated LDH

Male, a large annular defect, moderate disk degeneration, a large SROM, a small RT, a low iliac crest height index
Younger age

Current smoking, occupational lifting

Uncorrected scoliosis of young adults ( <40 years)

Age (250 years), obesity (BMI>25 kg/m?) and Modic change

A subligamentous disc herniation and patient’s age < 35 years

Older age (=50 years), obesity (BMI >25 kg/m?), learning curve of the surgeon (<200 cases) and central
location of herniation

Higher DHI and percentage of spinal canal, facet joint degeneration
Higher disc height and higher BMI, Modic changes
Diabetes

Smoking, higher BMI, higher DHI, sSROM, lower central angle of lumbar lordosis, Pfirrmann grade 3, Grogan
sclerosis grades 3 and 4

Higher BMI, history of injury

Male, younger age, current smoking, higher BMI, occupational lifting, trauma, surgical procedures (bilateral
laminectomy or total laminectomy), herniation type (transligamentous extrusion), higher DHI, lower FO, la-
ger FT

Obesity

Smoking

PLL tear and subarticular herniation

Lumbosacral transitional vertebrae and a higher sSROM

Younger age and type 2 Modic changes

Smaller-sized herniated discs

Higher BMI, senior degeneration scale, combined herniated nucleus pulposus, and early ambulation
Decrease of FO and increase of FT

Foraminal disc herniation, retrolisthesis

Age (older), current smoking, Scheuermann disease

Superior endplate concave angle, sacral slope, Modic changes, sSROM, extension intervertebral angle,
and lumbar lordosis, DHI, retrolisthesis

Older patients (> 35 years had rLDH earlier)
Age >50 years and moderate disc degeneration

The course of disease, Pfirrmann grade, Modic change, and migration grade
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Table 7. A review of risk or related factors of rLDH (Continued)

Study

Risk or related factors

Li et al.® (2021)

Hypertension, diabetes, a history of smoking, a history of performing intense physical labor, Pfirrmann grade

3, Modic changes (type 2), herniation in the form of extrusion, a higher DHI and rROM

Shi et al.* (2021)
and a large SROM

Siccoli et al.”? (2022)
Ono et al.*® (2022)

Overweight and smoking

Review and meta-analysis
McGirt et al.*? (2009)
Watters 3rd et al.** (2009)
Shin® (2014)

Huang et al.”* (2016)
Hlubek et al.®* (2017)
Yin et al.** (2018)
Miller et al.®* (2018)
Brooks et al.** (2020)

Limited disc removal

Conservative discectomy

Larger annular defect

Smoking, disc protrusion, and diabetes

Higher DHI and sSROM, Modic changes

Lower grade of surgical-level disc degeneration, senior grade of adjacent-level disc degeneration, a high DHI,

Lower disc height, smoking, diabetes, subligamentous extrusion type, and Modic change

Diabetes, family history, history of external injury, duration of illness and BMI

Younger age, lack of a sensory or motor deficit, and a higher baseline ODI

Older age (=50 years), obesity (BMI =25 kg/m?), upper lumbar disc and central disc herniation

DHYI, disc height index; sSROM, sagittal range of motion; BMI, body mass index; PLL, posterior longitudinal ligament; LDH, lumbar disc her-
niation; IHI, iliac crest height index; RT, relative thickness of the transverse process of L5 vertebra; FO, facet orientation; FT, facet tropism; rLDH,

recurrent lumbar disc herniation; ODI, Oswestry Disability Index.

and rLDH, as a higher BMI generates a greater load on the lum-
bar discs. Indeed, there are also many studies confirming the
association between BMI and rLDH. In most of these studies, a
higher BMI was found to be a risk factor for rLDH,'**>30*3
although some studies have arrived at the opposite conclusion.”
In this study, we did not find differences in the BMI between
the 2 groups. This changed our previous notion that patients
with obesity are more prone to experiencing recurrence than
their counterparts. The relationship between the BMI and rLDH
should not be overinterpreted in terms of obesity until sufficient
evidence is available. However, for patients with obesity, weight
control is recommended to reduce the load on the spine.

3. Diabetes and Hypertension
Although diabetes has been reported as a risk factor for (LDH

283738 some studies have not found an asso-

in previous studies,
ciation between diabetes and rLDH.?**"** Only 1 previous study
by Li et al.*® found a correlation between hypertension and rLDH.
In this study, we found that hypertension was more common in
the rLDH group than in the non-rLDH group (p =0.025), while
diabetes showed no difference between the 2 groups. Nonethe-
less, whether patients with hypertension or diabetes have a high-
er recurrence rate remains controversial, as no specific biologi-
cal mechanism by which hypertension or diabetes affects (LDH

has been identified.

https://doi.org/10.14245/ns.2346054.027

4. Current Smoking and Drinking

More than one previous study found smoking to be a risk
factor for rLDH."***** Unlike some previous studies, we did
not find a significant difference in current smoking between
the rLDH and non-rLDH groups (p=0.519). The relationship
between current drinking and rLDH has not been previously
studied. This study did not find any correlation between cur-
rent drinking habits and rLDH. The correlation between drink-
ing and rLDH does not seem to be as significant as that with
other diseases, such as femoral head necrosis or cirrhosis.

5. Multilevel Microdiscectomy

The relationship between surgical segments and rLDH has
not been studied previously. Our study found that the rLDH
group had a significantly higher rate of multilevel decompres-
sive surgery than the non-rLDH group, suggesting that multi-
level decompressive surgery may be associated with rLDH. A
possible explanation is that more spinal stability is removed in
multilevel surgery, which leads to a higher recurrence rate than
that in single-level surgery.

6. DHI and sSROM

Kim et al.” first reported higher DHI and sROM as risk fac-
tors for rLDH. Except for some negative reports, most studies
found an association between rLDH and a higher DHI or sSROM.'®
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2232831245 One explanation is that a higher DHI indicates more
disc materials used, leading to an increased probability of rLDH.
Another explanation is that a higher DHI may indicate a larger
sROM, which has been found to be associated with rLDH in
previous studies.®*"* We did not find differences in the DHI
or sSROM between the 2 groups in this study. One possible rea-
son for this is that we performed primary fusion surgery in some
patients with large SROMs who were reluctant to accept any
possibility of recurrence. This might have resulted in less pa-
tients with large SROM in single decompression group and ulti-
mately lead to the nonsignificant difference in the SROM be-
tween the 2 groups.

7.FO and FT

The concepts of FO and FT were first proposed by Noren.”
A few studies have found a relationship between FO and lum-
bar degenerative diseases.” Some studies have found that an in-
crease in the difference in the angle of the left and right facet
joints, that is, an increase in FT, may alter the normal spinal bio-
mechanics, resulting in spinal degeneration or LDH.”>”” How-
ever, Grogan et al.”® found that FT is not associated with LDH.
Additionally, the relationship between FO, FT, and rLDH has
only been mentioned in a few studies.”*** The multicenter ret-
rospective study by Li et al.” found that a higher FO and a low-
er FT were risk factors for rLDH. However, the retrospective
matching case-control study by Shi et al.* did not find a corre-
lation between rLDH and FO or FT. In this study, we did not
find any differences between the rLDH and non-rLDH groups,
suggesting that FO, FT, and rLDH were not correlated with each
other. Therefore, we do not believe that a smaller FO or a larger
FT can predict rLDH.

8. Pfirrmann Grade and Modic Changes

Whether the disc degeneration grade and Modic changes af-
fect rLDH is still widely debated. Some studies have found that
moderate disc degeneration is associated with rLDH,*?%%*%
while Kim et al.** and Jia et al.*® have found that more severe
disc degeneration is a risk factor for rLDH. However, different
studies may have used the Pfirrmann grade® or modified Pfir-
rmann grade” to evaluate disc degeneration, which makes some
data comparisons difficult. Many studies have reported a corre-
lation between Modic changes and rLDH.*?2%2*34% However,
although the rLDH group (45%) had a higher rate of Modic
changes than the non-rLDH group (28.8%) in our study, the
difference was not significant (p =0.123). The probable cause is
that many patients with endplate inflammation undergo pri-
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mary fusion surgery because of low back pain, which may re-
sult in a potential decrease in the rate of patients with rLDH
with Modic changes.

9. Interdisc Kyphosis and Large LDH

In addition to the abovementioned clinical and radiological
factors, we analyzed some other common radiological factors,
including interdisc kyphosis and large LDH. Contrary to our
previous predictions, we found no difference in interdisc kypho-
sis between the 2 groups (p=0.748). Park et al.* found that small-
er-sized herniated discs were associated with rLDH. McGirt et
al>"* found that less disc removal was associated with rLDH.
Although the rLDH group (10%) had a lower rate of large LDH
than the non-rLDH group (22.4%) in this study, the difference
was not significant (p=0.303). This suggests that more discec-
tomies may reduce the probability of TLDH.**** However, limit-
ed discectomy has now become mainstream because aggressive
discectomy may lead to intractable low back pain and lower sat-

isfaction.”*

10. Degree of MFA

Previous studies have found a correlation between multifidus
and low back pain, leg pain and even disc degeneration scale.”***
However, the relationship between the degree of MFA and rLDH
has not been studied previously. In this study, we found moder-
ate-severe MFA was the sole and strongest risk factor for rLDH.
The recurrence probability of LDH combined with moderate-
severe MFA was approximately 3.414 times that of LDH com-
bined with normal-mild MFA. The multifidus is an important
spinal stabilizing structure.®**® In patients with moderate-severe
MFA, a minor surgical procedure may lead to further aggravat-
ed MFA, thereby destabilizing the spine and ultimately leading
to an increased probability of recurrence. Although tubular mi-
crodiscectomy is a very minimally invasive procedure, it is still
unavoidable to perform microdiscectomy through the multifi-
dus muscle. Therefore, although minimally invasive decompres-
sive surgery can significantly improve the pain in patients with
moderate-severe MFA, the high potential recurrence probabili-
ty cannot be ignored. Additionally, we do not recommend open
discectomy for LDH patients as this procedure can exacerbate
multifidus destruction. For patients with moderate and severe
MFA, the preoperative education to the patient will become
more targeted. The correct and regular back muscle exercise
may be a way to lower the risk of postoperative rLDH although
there is no direct evidence presently.
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11. Limitations

Although the data for this study were collected prospectively,
the retrospective nature of the analysis introduced inevitable
bias. The number of positive cases (rLDH) in this study was
limited, which might have led to statistical bias. The recurrence
of LDH is a complex biomechanical process and may be affect-
ed by many social behaviors, clinical and radiological factors,
and this study was unable to incorporate all possible factors into
the analysis. Additionally, many of the previously studied vari-
ables such as sex, age, BMI, diabetes, smoking or sROM, IDH,
Pfirrmann’s Grade, Modic change are somewhat controversial.
We can find positive or negative results for almost all variables
in previous studies. Of course, these results may depend on many
factors, such as the type of variables included, the type and num-
ber of cases, differences in surgical methods, and even statistical
methods, etc. In addition, the herniation types, including “pro-
trusion,” “subligamentous,” “extrusion,” and “sequestration” were
not included in this study because not all surgical records con-
tained descriptions of the specific location of disc herniation.
Furthermore, this study can only provide intraobserver reliabil-
ity for all radiological variables without providing interobserver
reliability, as the 2 radiologists only evaluated all the radiologi-
cal variables one time. This study included some possible clini-
cal or radiological factors based on our own clinical experienc-
es. The inclusion of factors based on clinical experience is in-
herently biased, although this is unavoidable in most models
for risk factor prediction. Finally, this study lacks short-middle
term outcomes of patients to elucidate the recovery process of

postoperative low back pain and leg pain.

CONCLUSION

This study investigated the risk factors for recurrence after
microdiscectomy in patients with LDH. Although there were
significant differences in the rates of hypertension, multilevel
microdiscectomy, and the degree of MFA between the rLDH
and non-rLDH groups, we found that moderate-severe MFA
was the sole and strongest risk factor of rLDH. This finding can
serve as an important reference for surgeons in formulating sur-
gical strategies and the assessment of prognosis.
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