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Lumbar lordosis and sacral slope do not differ
in two types of postoperative lumbar disc re-
herniation: a cross-sectional observational
study
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Abstract

Background To identify the differences of lumbar lordosis (LL) and sacral slope (SS) angles between two types of
postoperative lumbar disc re-herniation, including the recurrence of same level and adjacent segment herniation
(ASH).

Methods We searched the medical records of lumbar disc herniation (LDH) patients with re-herniation with
complete imaging data (n=58) from January 1, 2013 to December 30, 2020 in our hospital. After matching for age
and sex, 58 patients with LDH without re-herniation from the same period operated by the same treatment group
in our hospital were served as a control group. Re-herniation patients were divided into two groups, same-level
recurrent lumbar disc herniation group (rLDHG) and adjacent segment herniation group with or without recurrence
(ASHG). The preoperative, postoperative and one month after operation LL and SS were measured on standing
radiographs and compared with the control group by using t-test, ANOVA, and rank-sum test. Next, we calculated the
odds ratios (ORs) by unconditional logistic regression, progressively adjusted for other confounding factors.

Results Compared with the control group, the postoperative LL and SS were significantly lower in LDH patients
with re-herniation. However, there were no differences in LL and SS between ASHG and rLDHG at any stage. After
progressive adjustment for confounding factors, no matter what stage is, LL and SS remained unassociated with the
two types of re-herniation.
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Conclusions Low postoperative LL and SS angles are associated with degeneration of the remaining disc. Low LL
and SS may be independent risk factors for re-herniation but cannot determine type of recurrence (same or adjacent

disc level).

Keywords Lumbar disc re-herniation, Spinal sagittal parameters, Lumbar lordosis, Sacral slope

Background

Lumbar discectomy is beneficial for patients with lumbar
disc herniation (LDH) [1, 2]. However, recurrent lumbar
disc herniation (rLDH) is one of the important reasons
for unsatisfactory results and reported in 5-21%, with an
increasing incidence over time. Moreover adjacent seg-
ment herniation (ASH) is another cause [1-11]. In addi-
tion to exacerbating already uncomfortable symptoms,
rLDH and ASH may also necessitate a secondary opera-
tion, which is usually more complicated than the initial
intervention because of postoperative adhesions.

Various risk factors for rLDH and ASH have been
investigated in recent decades, mainly focused on popu-
lation characteristics, like age, smoking status, gander,
body mass index (BMI), and certain some radiologi-
cally identifiable factors, such as disc degeneration, disc
height, and sagittal range of motion (sSROM) [2, 4-8, 10,
12-17]. However, few studies have focused on the rela-
tionship between lumbosacral parameters including
lumbar lordosis (LL) and sacral slope (SS) and re-herni-
ation. LL and SS have been considered possible risk fac-
tors of ASH in some studies [10, 18], but it is still unclear
whether LL and SS have an effect on rLDH. Further,
the existence of similar imbalances in rLDH and ASH
patients is worthy of further investigation.

In this study, we attempted to compare the LL and
SS angles that are easily calculated from radiographs to
identify the difference between patients with re-hernia-
tion and LDH patients without re-herniation. We further
compared LL and SS in patients with rLDH and ASH, to
our knowledge, has not been done before. Given the sig-
nificant effect of biomechanics in LDH, we believe that
LL and SS could be risk factors for re-herniation and
may be different in the two types of re-herniation. We
believe our results are important as it allows clinicians
and researchers to explore the role of the two lumbosa-
cral sagittal parameters in predicting recurrence or ASH,
thereby providing hints and references for the future pre-
diction models. An excellent model to predict two types
of re-herniation is necessary, in which sagittal balance is
an important factor, and it is unreasonable not to men-
tion it.

Methods

Patients

This was an observational clinical study. We collected the
data of all patients who meet our inclusion criteria. In all,
58 patients who had re-herniation with complete imaging

data from January 1, 2013 to December 30, 2020 in our
hospital were included, consisting in group B. Of these,
42 (72.4%) patients were male and the mean age was
50.59+12.42 years (range, 25—72 years). We collected all
the patients who experienced initial lumbar disc opera-
tion in a same treatment team in our hospital from 2013
to 2020, then we contacted them by phone or e-mail to
make sure whether they were experiencing recurrent leg
pain. Anyone who had symptom should provide their lat-
est lumbar MRI in or out of our hospital, and the MRI
was interpreted by doctors in our radiology department
who were blinded to the patients’ condition and the
experiment and further reviewed by two senior orthope-
dic surgeons. Finally, all the patients with re-herniation
who agreed with the study were included. To reduce
selection bias, we collected the data of all LDH people
without re-herniation after matching for age and sex dur-
ing the same stage, served as control group (group A).
The control group (n=58) was randomly selected from a
cohort of age- and sex-matched candidates.

Recurrent LDH can be defined as disc herniation at the
same level, regardless of ipsilateral or contralateral her-
niation, in a patient who experienced a pain-free interval
of at least 6 months after surgery [4]. Although, ASH is
generally considered as re-herniation at the adjacent seg-
ment to the initial hernia site after discectomy, its defi-
nition is yet not clear. Besides, ASH can include with or
without recurrence in initial segment, so we had to adjust
our criteria and groupings. Hence, patients included
in this study were required to meet the following strict
inclusion criteria: [1] LDH with clinical symptoms and
clear diagnosis, and primary discectomy [2], absence of
leg pain for at least 6 months after the primary operation,
and [3] follow-up MRI showing new disc re-herniation at
the previously operated level or adjacent segment, either
ipsilateral- or contralateral. Patients with history of any
other spinal surgery except discectomy or any other spi-
nal disease, such as spinal deformity, spine fracture and
infection, lumbar spondylolisthesis and degenerative ste-
nosis of the spinal canal were excluded. We set up objec-
tive criteria and included every patient meeting those
criteria to avoid subjective bias. The study patients were
divided into two groups according to recurrence and
ASH, namely, same-level recurrent lumbar disc hernia-
tion group (rLDHG) and the adjacent segment hernia-
tion group with or without recurrence at the initial level
(ASHG).
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Fig. 1 MRl images shows LDH and re-herniation in the patient. Note. (A)
T2-weighted sagittal lumbar MRI shows LDH at L4-L5 segment. (B) Cross
section of L4-L5 segment on T2-weighted MRI shows LDH. (C) T2-weight-
ed sagittal lumbar MRI shows re-herniation at L4-L5 segment after discec-
tomy by spinal endoscopy through the transforaminal approach. (D) Cross
section of L4-L5 segment on T2-weighted MRI shows re-herniation

The surgery procedures included traditional solely dis-
cectomy by micro-endoscopy or open discectomy, and
discectomy by spinal endoscopy through transforami-
nal approach (above the L4-L5 level), or interlaminar
approach (at the L5-S1 level). Primary surgery was per-
formed in our hospital and by a same treatment group,
and all the surgeries were performed by expert surgeons
with extensive experience in discectomy to confirm that
all enrolled patients had undergone the above surgeries
by same surgical procedures.

The re-herniation interval was calculated from the day
of the first surgery to the date that rLDH or ASH was
diagnosed.

Definition of comorbidities and confounding factors

In our study, we also take some confounding factors into
consideration. Age and sex were obtained in medical
record. In view of the inaccuracy of the medical records
initially recorded, we asked enrolled patients about their
comorbidities at return visits. The definition for smok-
ing and alcohol use: smoked at least 100 cigarettes in life
and had at least 12 alcohol drinks in the past one year,
and an alcohol drink equals to 12 oz. beer, a 5 oz. glass
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Fig. 2 The measurement method of lumbar lordosis angle and sacral slop
angle. Note. Standing radiograph shows lumbar lordosis angle (A) and
sacral slope angle (B)

of wine, or one and a half ounces of liquor. Hypertension
and Diabetes Mellitus were defined as having diagnosed
of Hypertension and Diabetes Mellitus by doctors or tak-
ing medicine treating the disease.

Radiological measurement

MRI was recommended for all postoperative patients
experiencing recurrent leg pain, because MRI is essen-
tial to confirm the presence or absence of rLDH and
ASH (Fig. 1). MRI could show the protruding nucleus
pulposus and the degree of nerve compression clearly.
The postoperative MRI was interpreted by doctors in our
radiology department who were blinded to the patients’
condition and the experiment and further reviewed by
two senior orthopedic surgeons. On the other hand,
sagittal parameters should be measured at standing
radiographs, because X-rays show bone structures more
clearly, and make it easy to measure angles. Many stud-
ies have proven that LL and SS at standing radiographs
may significantly higher than those at MRI, and stand-
ing position might be more in line with the way humans
move [19, 20]. So, we choose to measure angles at stand-
ing radiographs. An experienced senior investigator
measured the LL and SS on standing radiographs at pre-
operation, postoperation and one month after operation
(for easy expression, PreLL, PreSS, PostLL, PostSS, one
mLL and one mSS, respectively), the measurements were
taken in duplicate and the average result was considered.
As shown in Fig. 2, LL is the lordotic angle of the lumbar;
it is the angle between the parallel line from the upper
end plate of the L1 vertebrae and the line from the upper
final plate of the sacral vertebrae in the sagittal plane. The
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angle of SS was the angle between the parallel line pass- ~ Table 1 Patients demographics
ing through the upper plate of the sacrum and the hori-  Parameter Group Group B P
zontal line A(n=58) (n=58) value
Age (yrs) Mean (SD) 50.59(1242) 50.59(1242) /
Statistical analysis cend Eangf( % ?2;27726W) 122;27726<y) ,
Statistical analysis was performed using SPSS software ender !\/TTa( e(;) ’ 42(72'40/0) 42(72'40/0)
. . ale(n K K

for Windows (version 26.0; IBM, Armonk, NY, USA). i ’ 0

X BMI Mean(SD) 24.83(2.91) 25.14(3.12) 0.590
The mean or median values of LL and SS of group B were

. Range 22.20-31.51 19.15-32.19

compared with those of group A or between rLDHG and Comorbidty(n)
ASHG bYdt-testélAifav{\, and ;he K“,lsllj‘l'wéuﬁs H tESti Hypertension 203448%)  17(2931%) 0552
Mean and standard deviation for variables with normal . o el 6(1034%)  10(17.24%) 0284
distribution were used to express descriptive §tat1st1cs. Smoking 5(8.62%) 14(24.14%)  0.025*
Next, we calculated odds ratios (ORs) for the risk of re- . | drinking 101.72%) 8(13.79%)  0016*

herniation compared with the control group or rLDHG
compared with ASHG by unconditional logistic regres-
sion. For all analyses, P<0.05 was accepted as statistically
significant.

BMI, body mass index;

* Significance between the two groups, P<0.05.

Table 2 Spino-peivic sagittal balance parameters of both groups

Group A(n=58) Group B(n=58) P-Value

Results PRE
Group A vs. group B LL() 37.74+1427 3302+12.18 0058
As shown in Table 1, we confirmed that smoking and 55() 305941156 27664819 0118
alcohol drinking significantly affect the lumbar disc  post
re-herniation after surgery (p=0.025, p=0.016, respec- LLE) 40.14+11.01 36.03+11.19 0.049*
tively). BMI, hypertension and diabetes mellitus have 356 32.76+891 29.05+8.26 0.022*
no differences in the two groups (p=0.590, p=0.552, ONEM
p=0.284, respectively). LLEO) 39.83+11.61 36.81+11.29 0.159

As shown in Table 2, postLL, postSS and one mSS of SS() 31.16+808 28124745 0.038*

group A were significantly higher than those of group
B (»p=0.049, p=0.022, p=0.038, respectively). PreLL,
preSS and one mLL were higher in group A, however,
there were no statistical significance (p=0.058, p=0.118,
p=0.159, respectively).

Further, in order to verify the robust of our results, we
calculated odds ratios (ORs) of every angle by progres-
sive logistics regression, adjusted for smoking, alcohol
drinking, hypertension and other confounding factors
(Fig. 3). PostLL and postSS were significantly higher in
group A than those of group B in final model, ORs were
0.962 (0.930-1.000) and 0.947 (0.903-0.993). However,
one mSS lost statistical significance after adjustment for

LL, lumbar lordosis; SS, sacral slope; PRE, preoperative; POST, post-operative;
ONE M, one month after surgery

*Significance between the two groups, P<0.05

all confounding factors. (p=0.049, p=0.023, p=0.073,
respectively). Compared to control group, the ORs of
LDH patients with re-herniation of the three stages LL or
SS and its 95% CI was shown in the Fig. 3.

rLDHG vs. ASHG

As shown in Table 3, according to rLDH and ASH, we
divided the 58 subjects into two groups. ASHG had 25
patients (18[72.0%] male and 7[28.0%] female; mean age:

prelL press postLL postsS one mLL one mSS
P value OR(S5%CH P value OR(95%CI) P value OR(S%CI)  Pvalue OR{5%CN) P value OR(a5%CH P value OR(95%C1)
Adjusted for SM. 003 —B—| 0960010988 0062 —B— 00306277002 0033 —M—| 09A2DPADGET) 0024 — B | 0.040(0907.0.993) C.145  — W 0.076(08421.008) 0.040 —E——  0.916{0.002,0.908)
Atjusted for SWAD 0031 —®—|  096A(0940,0897) 0062 —B— 095409277007 0034 ——W——| 0902(0.620.0967T) 0027 ——M——| 0.050{0007.0.604) CMD  —W——  0076(0.4131.008) 0038 —E—|  0.848,0.900,0.997)
Adjusted fer SM A D HY. 0047 —m— DEF0I0 8421000 0063 —W—  (8530626,1002) COIS ——M—— 0064{0.630,0696) 028 —@——| 0.850(0.905.0.984) 0208 —®—— 097809461012 DOS0  ——@——  0.850{0.902,1000)
Adjuated fer SKLAD.,HY.,OM .08 e DYFI0.042,1.001) 0068 —B—  (.954(0.92/,7.003) C.045 — @ 0963(0.829.0989 002 —W—— | 0.045{0.903.0.991) C.24T — W 0980(0.647,1.014) D& —@——  0.951{0.905,1.002)
Adlusted fer SN AD HY DABM 0052  —8—  DETI0S42,1000) 0074 ——@— Q85508277003 0.049 0.052(0.630,1.000) 0028 ———— | 0.047(0.903.0.993) 0265 —m——  0.UBND.W7,1.015) DOTE ——@— 085308041005

Fig. 3 The result of unconditional logistic regression, progressively adjusted for smoking (SM.), alcohol drinking (A.D.), hypertension (HY.), diabetes mel-
litus (DM) and body mass index (BMI)
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Table 3 Demographic data of ASHG and rLDHG

Parameter rLDHG(n=33) ASHG(n=25) Pvalue

Age (yrs) Mean (SD)  47.55(12.10) 5460(11.91)  0.031*
Range 25-71 46-72

Gender Female(n%) 9(27.3%) 7(28.0%) 0.951
Male(n%)  24(72.7%) 18(72.0%)

BMI Mean(SD) 25.04(3.23) 25.26(3.02) 0.793
Range 19.15-29.68 25.08-32.19

Comorbidty(n)

Hypertension 9(27.27%) 8(32.00%) 0.698

Diabetes 5(15.15%) 5(20.00%) 0.631

mellitus

Smoking 3(9.09%) 11(44.00%) 0.002**

Alcohol 2(6.06%) 6(24.00%) 0.052

drinking

BMI, body mass index;

* Significance between the two groups, P<0.05; ** Significance between the
two groups, P<0.01

Table 4 Spino-peivic sagittal balance parameters of ASHG and

rLDHG
rLDHG(n=25) ASHG(n=33) P-Value

LLO)

PRE 3448+11.97 3191+1241 0431
POST 38.20+9.52 3439+12.19 0.202
ONEM 36.16+£9.77 3730+1245 0.706
SS()

PRE 28.04+6.86 27.36+£9.16 0.758
POST 30.28+5.53 28.12+9.83 0.294
ONE M 2840+5.64 2791+856 0.795

LL, lumbar lordosis; SS, sacral slope; PRE, preoperative; POST, post-operative;
ONE M, one month after surgery

*Significance between the two groups, P<0.05

54.60+11.91 years; age range: 46—72 years). (LDHG had
33 patients (24(72.7%] male and 9[27.3%] females; mean
age: 47.551+12.10 years; age range: 25—71 years). Patients
in ASHG were significantly older than those in rLDHG
(p=0.031).

The three stages mean LL and SS angles of r(LDHG and
ASHG were presented in Table 4. However, there were no
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significant differences of LL and SS in the two types of re-
herniation. After progressive adjustment for age, sex and
other confounding factors, the three stages LL and SS
remained no association with two types of re-herniation
(Fig. 4).

Overall, our results indicated that patients with lum-
bar disc re-herniation had lower postLL and postSS and
one mSS than control group. But three stages LL and
SS showed no differences between rLDHG and ASHG.
Adjusted for all confounding factors, LL and SS remained
no differences between the two types of re-herniation.

Discussion

Previous large population-based studies have reported
the risk of reoperation for LDH to be 10-15% [21-23].
rLDH and ASH have become increasingly common
among patients who have undergone lumbar discectomy
or fusion. Studies have suggested that male sex, being tall,
indulging in heavy labor, and smoking may be predictors
of rLDH [2, 4-8, 12—15]. In addition, BMI, age, length of
fusion, smoking and sagittal alignment are considered
possible risk factors of ASH [10, 18, 24, 25].

Studies on LDH have shown that low LL and SS angles
cause the sagittal vertebral axis (SVA) to move forward
such that the compressive stress and sheer force of the
intervertebral disc increase with increased flexion activ-
ity [26]. These changes increase the compressive forces
created by gravity and meanwhile, the absorption of the
shaking loads formed by these vertical forces decrease.
Therefore, low LL and SS can accelerate disc degenera-
tion and cause stress occlusion, and this phenomenon
results in an excess load on joints, muscles and ligaments
around the spine, which greatly reduces the stability of
the patient’s lumbar spine and accelerates the disc degen-
eration in turn [27]. Disc degeneration and mechanical
instability are a vicious cycle that eventually results in
LDH.

However, there were not enough articles focusing on
the relationship between LL and SS and re-herniation.

prelLL press postLL postss one mLL onemss
P value OR(85%C1) P value OR(85%CI) P value OR{95%Cl) P wvalue OR{95%CT) P value OR(95%Cl) P value OR(85%C1)

Ajusted for sge 0825 ———  0EOH0250,1.042) 0951 ——s——  DB99(0.934,1.067) 0.261 ———— 0.973(0.926.1.027) 0385 e 0871(0.09,1.033) 0682 —;~— 1.010{0.962,1,050) 0487 ——e——— 0.973{3.500.1.051)
‘

Agjusted for age B4 0881  —e—  09590.843,1.038) 0810 —v— D992(0.526,1.026) 0250  ——e—— GS71{09247.021) 0B  ———— O0SBEO9051035) 074 —‘»— 1.008(0.961,1.058) 0488 ——e———  08T3Q2001051)

Adjustiad for e, B0 sex 085 —e—  0SBNQI31008) 0817 —s——  D9GN09241065) 0251 < ——e—— QGTN0G240027) 033  ——e—— 09000502.1.0%) 0736 ——e—— 1000(0961,1058) 062 ——er—— 0.985(0.613,1.002)
\
\

Adjustsd for age,BM) sox M. 605 —e——  0.99%/0949,1.053) 083 ——» 1.008(0.934,1.089) 0.383 —e—— 0.676(0.924,1.031) 0308 ——e—— 0961(0.691.1.037) 0667 —Te—— 1.012(0.956,1.008) 06%6 ——e—— 0.9850.913,1.063)
‘

Adjusted for 5o, BMLsex SM. AD. o081 b 0.009(0.948,1.053) 0837 e 1.002(0.935,1.089)  0.394 e 0976(0.924,1.031) 0323 ————— 0862(0831.1.039) 0658 ‘—‘l“‘—‘ 1.012(0.969,1.068) 0.744 —*—— 0.988(0.519,1.062)
|

Adijusted tor sge BM sex,SM.AD. Y. 0846 —e——  DSOK0.8421.080) 0871 ——e—— 100609311088 0275 ——e—— 06809121027} 0338 ——e—— 0963(08911.041) 0788 —te—— 10009521065 07 ——e—— 0.965{26211.080)

Adjusted for age BMI gex, SMAD HY. OM 0809 ——— 0997(0.824,1.053) 0884 ———s— 1.005(0930,1087) 0299 ——e—— 0.£860(0913,1.028) 0284 ——e—— 0.959(0.686,7.027) 0726 _1'— 1,010{0.954,1.070) 0655 0.994{0.928,1.084)

Fig. 4 The forest plot of OR and its 95%C| of ASH of the three stages LL and SS in unconditional logistic regression, compared to rLDH, progressively
adjusted for sex, age, smoking (SM.), alcohol drinking (A.D.), hypertension (HY.), diabetes mellitus (DM) and body mass index (BMI)



Shen et al. BMC Musculoskeletal Disorders (2024) 25:267

We explored the differences between LL and SS in
patients with different types of re-herniation, which was
innovative to an extent. Low LL and SS angles are clearly
related to LDH, but their relationship with re-herniation
is controversial, and to the best of our knowledge, the
role between different types of re-herniation has not yet
been explored before.

In our work, postLL and postSS in patients with re-her-
niation were statistically lower than in the control group.
Some studies have found that compared to the LDH group,
LL and SS angles were lower in patients with re-herniation
and may increase the risk of lumbar disc degeneration and
hence relate to re-herniation [10, 26, 28—31]. Furthermore,
Belykh et al. [1]found that decreased LL angle was one of
risk factors of rLDH. Kong et al. [32] suggested that small LL
angle was an independent significant risk factor for r(LDH
after Percutaneous endoscopic lumbar discectomy (PETD).
Wang et al. [10] in his meta-analysis found that low post-
operative LL was associated with ASH. Taken together, the
above findings show that low LL and SS angles do play a sig-
nificant role in re-herniation. In Matsumoto and Ankrah’s
studies [30, 31], there was no statistically significant differ-
ence in the pre- and post-operative LL and SS. Hence, as the
operation accelerates disc degeneration after discectomy
[11], low LL and SS angles which still exist after surgery
accelerate the remaining disc degeneration, unidirection-
ally increasing the forward spinal pressure and causing the
SVA to move further forward, thus disrupts the equilib-
rium of shear force and causes the shear force acting on the
lumbar intervertebral disc to be more concentrated [33],
weakens intervertebral space stability, and increases the
retrusive trend of the residual intervertebral disc. As long as
the above-mentioned sagittal unstable factors exist and con-
tinue to develop after operation, patients with low LL and
SS still have a higher risk of rLDH than patients with normal
LL and SS. A similar biomechanical mechanism also exists
for ASH. Low LL and SS after operation not only influence
the residual disc, but also accelerate the adjacent segment
disc, eventually leading to ASH [28, 29, 31]. Recent studies
have reported that failure of reestablishment of LL after dis-
cectomy seems to be a risk factor for ASH [34, 35], and thus
the PI-LL (PI refers to pelvic incidence angle, which is a con-
stant for a patient.) should appropriately match during sur-
gery to prevent adjacent segment herniation [28]. Senteler
et al. [36] found that a PI-LL mismatch>15° tends to predict
an increased joint load at the segment close to the fusion
level. Patients with low LL tend to be at risk of developing
ASH because preoperative high PI-LL. mismatch follow-
ing the failure of rebuilding the LL angle would maintain or
even increase. Therefore, the reestablishment of the normal
relationship between LL and PI may be valuable for progno-
sis, and low LL and SS could increase the risk of ASH.

At the same time, another attempt in this study was that
we compared LL and SS between rLDH and ASH, but no
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significant differences could be found. We believe that LL
and SS in ASHG should been lower than patients in r(LDHG.
As is known, ASH may be induced by abnormal intradiscal
pressure and too much movement at the adjacent segments
[10]. Lower LL and SS may cause more severe degeneration
to adjacent segments before the initial operation and may
lead to more movement in the adjacent segment after dis-
cectomy. As a result, the compressive stress and sheer force
of the intervertebral disc increases, causing further adjacent
segment degeneration (ASD). Although the initial disc goes
through double whammy of accelerating disc degeneration
by operation and low LL and SS, it is a long process for it to
herniate again. Thus, when adjacent segments degenerate to
a critical state before operation and post-operative ASD has
been worse than the initial disc degeneration, ASH may take
place before rLDH. But the truth was disagreement with our
conjecture. A possible explanation for this is as follows. In
general, the degeneration of initial disc tends to be acceler-
ated by surgical interfere, as a result of endplate degenera-
tion and disc dehydration [11, 37], and is represented by a
loss of disc height. Yorimitsu et al. found a 25% loss of disc
height in most patients one year after a lumbar discectomy
[38]. However, Axelsson and Karlsson [39] reported that the
restabilization stage begins when the disc height is reduced
by 50%. Besides, Kim et al. [4] suggested that collapsed discs
are more stable than those with preserved disc height. How-
ever, a stable segment is associated with immobilization
of the regarding segment which might induce an overload
on the adjacent segments. [11] Dalgic et al. [11] think that
After discectomy, collapsed discs are biomechanically more
stable than those with preserved disc heights, and responses
to axial compression on intervertebral disc pressure pro-
duced deformations of adjacent levels despite limitations.
Thus, rLDH may took place before the re-stabilization of the
primary disc, but ASD may further accelerate after the re-
stabilization. Hence, we believe that LL and SS could affect
the entire lumbar spine, but in partial segments, degen-
eration together with aging may be more significant in the
terms of inducing re-herniation. Based on our research,
postoperative rLDH and ASH are mainly decided by other
factors. Similar to our results, Dalgic et al. [11] found that
the mean age of ASHG was significantly higher than those
with rLDHG. We believed that ASH patients might have
gone through the instability phase of initial disc. The resta-
bilized disc might accelerate ASD, with aging, and result
in ASH in the end. So, the mean age of ASH patients was
higher than that with rLDH. In two meta-analyses, Wang
and Huang suggested that disc protrusion and diabetes were
predictors for rLDH; body mass index (BMI), hypertension,
post-operative LL, and preoperative PI were associated with
the development of ASD; and smoking was a risk factor for
both rLDH and ASD [8, 10]. Besides studies suggest that
ASD and rLDH were the result of natural degeneration and
have nothing to do with mechanics [40, 41]. Furthermore,
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recent studies suggest that there is an association between
genetic influences and disc degeneration. Eser et al. believed
that short repeated alleles of the aggrecan gene were sig-
nificantly associated with disc degeneration and multilevel
disc degeneration. Both genetic and environmental factors
have been reported to influence lumbar disc re-herniation.
LL and SS in patients were lower than those in the control
population, suggesting that sagittal alignment might affect
the occurrence of re-herniation, but LL and SS did not seem
to determine which type of re-herniation can occur. Discov-
ering why LL and SS accelerate re-herniation but cannot
determine which type occurs is a possible promising future
research direction.

We believe our study has clinical merit. PostLL and
postSS are likely associated with re-herniation, although
they do not affect the type of re-herniation. Our study
may play a role in management for individuals before, after
and during operation. For patients, we could set up a pre-
diction model with LL and SS and other parameters to
find individuals at risk of re-herniation, then we may take
action to prevent re-herniation, including back extensor
exercises. During operation, we should rebuild LL and SS
angles properly, making PI-LL mismatch“15”to reduce the
risk of re-herniation. Finally, for individuals after surgery,
we could evaluate the operation effect by measuring the
postoperative angles, and evaluate the risk of re-herniation
every year by taking standing radiographs, in order to pre-
vent re-herniation occurrence. In our perspective, our study
might help a lot for patients at risk of re-herniation. besides
above, more clinical applications are waiting for study. This
highlights the importance of undertaking active measures
to rebuild LL and SS to prevent re-herniation. So far, many
approaches and interventions have been proved that they
could help rebuild sagittal balance Clinicians could re-build
LL and SS by proper pressure of pedicle screw, inserting a
connecting rod bent according to the target curvature and
wedge-shaped interbody fusion apparatus by operation.
After operation, patients could take active back extensor
exercises, delay loading, lose weight, avoid sitting or stand-
ing for long periods of time to prevent LL and SS reducing
again. Besides, maintaining proper bone mineral density
could also help maintain sagittal balance. However, regard-
ing severe degeneration of adjacent segments before opera-
tion; it is not advisable to blindly pursue the recovery of the
lumbosacral curve. It is necessary to reestablish the overall
balance of lumbosacral region and control other possible
risk factors to reduce the possibility of re-herniation in adja-
cent segments.

Our study has some limitations. First, the sample size
of our study was small, due to the strict enrollment crite-
ria, resulting in a small number of cases, and the reliabil-
ity of the results needs to be proved by studies with larger
sample sizes. Second, given the limitation of the range of
lumbar MRI, we could only obtain LL and SS angles, and
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other sagittal parameters such as PI and PT (pelvic tilt)
could not be measured. Therefore, our study was limited
to just two parameters, and the relationship between other
sagittal parameters and re-herniation could not be studied.
EOS"® imaging system has gain acceptance across the world
because more and more applications of it are being discov-
ered. Compared to X-rays, EOS not only has lower radiation
dose, but also has ability to reconstruct three dimensional
(3D) images and image the whole body including the spine
and lower limbs in the functional standing position [42].
So, we could determine the alignment of the center points
of both femoral heads, then we could measure other sagit-
tal parameters, such as PI and PT. Third, as a cross-sectional
observational study, the ability to control confounding bias
was insufficient. Although we take some confounding fac-
tors into consideration, other factors, for example, the time
between initial surgery and re-herniation occurrence, might
influence these parameters. We plan to study the time
between surgery and re-herniation that might influence the
sagittal parameters and the type of re-herniation in the fol-
lowing study. Besides, future prospective studies are needed
to further clarify the relationship between LL and SS and
re-herniation. Finally, we only included patients with MR
imaging data; this may have caused some selection bias.

Conclusions

Low postoperative LL and SS angles are associated with
degeneration of the remaining disc. Low LL and SS may
be independent risk factors for re-herniation but can-
not determine type of recurrence (same or adjacent disc
level).

Abbreviations

LL lumbar lordosis

SS sacral slope

BMI body mass index

ASH adjacent segment herniation

LDH lumbar disc herniation

rLDHG recurrent lumbar disc herniation group

ASHG adjacent segment herniation group with or
withot recurrence

ORs odds ratios

PreLL preoperative LL
PreSS preoperative SS
PostLL postoperative LL
PostSS postoperative SS
one month after operation LL~ one mLL

one month after operation SS one mSS
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