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Background: Recent studies have suggested an association between elevated pelvic incidence (PI) and the development of lumbar
spondylolysis. However, there is still lack of investigation for Han Chinese people concerning the normal range of spinopelvic parameters
and relationship between abnormal sagittal parameters and lumbar diseases. The objective of the study was to investigate sagittal lumbosacral
parameters of adult lumbar spondylolysis patients in Han Chinese population.

Methods: A total of 52 adult patients with symptomatic lumbar spondylolysis treated in the General Hospital of Armed Police Force (Beijing,
China) were identified as the spondylolysis group. All the 52 patients were divided into two subgroups, Subgroup A: 36 patients with simple
lumbar spondylolysis, and Subgroup B: 16 patients with lumbar spondylolysis accompanying with mild lumbar spondylolisthesis (slip
percentage <30%). Altogether 207 healthy adults were chosen as the control group. All patients and the control group took lumbosacral
lateral radiographs. Seven sagittal lumbosacral parameters, including PI, pelvic tilt (PT), sacral slope (SS), lumbar lordosis (LL), L5
incidence, L5 slope, and sacral table angle (STA), were measured in the lateral radiographs. All the parameters aforementioned were
compared between the two subgroups and between the spondylolysis group and the control group with independent-sample #-test.
Results: There were no statistically significant differences of all seven sagittal lumbosacral parameters between Subgroup A and
Subgroup B. PI, PT, SS, and LL were higher (P < 0.05) in the spondylolysis group than those in the control group, but STA was lower
(P <0.001) in the spondylolysis group.

Conclusions: Current study results suggest that increased PI and decreased STA may play important roles in the pathology of lumbar
spondylolysis in Han Chinese population.
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INTRODUCTION parameters and lumbar diseases. In this study, we investigated
the difference of the sagittal lumbosacral parameters between
patients with symptomatic lumbar spondylolysis and healthy
adults in Han Chinese population from China.

Lumbar spondylolysis is a common cause of low back pain
in adolescents and young adults.!"! Specific pathogenesis of
lumbar spondylolysis is still not entirely clear until now.™
After years of research, it is widely accepted now that the
cause of lumbar spondylolysis is multifactorial, including MeTHoDs
genetic factors, stress fracture, trauma, changes of sagittal Subjects
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From January 2013 to July 2015, a total of 52 adult
patients with symptomatic lumbar spondylolysis (the
spondylolysis group) treated in our hospital were identified.
All the 52 patients were divided into two subgroups:
Subgroup A, 36 patients with simple lumbar spondylolysis;
and Subgroup B, 16 patients with lumbar spondylolysis
accompanying with mild lumbar spondylolisthesis (slip
percentage <30%). Inclusion criteria for the spondylolysis
group were: (1) age between 18 and 55 years; (2) lumbar
spondylolysis was definitely diagnosed by history taking,
physical examination, and lumbar radiographs; (3) slip
percentage of lumbar spondylolisthesis under 30%;
(4) no history of lumbar infection, lumbar tumor, no history
of pelvis or hip joints disease, and no history of previous
spine surgery.

Altogether 207 healthy adults, who took regular check-ups
in the medical center of our hospital during the same period,
were chosen as the control group. Inclusion criteria for
the control group were: (1) age between 18 and 55 years;
(2) no history of lumbar, pelvis, or hip joints disease; and
(3) no abnormal signs in the lumbosacral lateral radiographs.

Lumbosacral parameters

All lumbosacral lateral radiographs of the spondylolysis
patients and the control group were taken with the subjects
in a Horton et al.) position: a standardized erect posture
with the knees and hips held in extension, humerus flexed
forward, elbows flexed, and hands centered in the fossae,
midway between the suprasternal notch and acromion.
The radiographs must contain bilateral femoral heads.
All radiographic parameters were measured by a single
author thrice at different time with Surgimap Spine
software (version: 2.2.1, Nemaris, USA). The average of the
three measurements would be included in the study.

The following radiographic parameters were measured:®
(1) pelvic incidence (PI): the angle between the line
perpendicular to the superior sacral endplate and the line
joining the midpoint of superior sacral endplate and the
femoral head’s axis, (2) pelvic tilt (PT): the angle between
the line connecting the midpoint of the superior sacral
endplate to the femoral head’s axis and the vertical axis,
(3) sacral slope (SS): the angle between the superior sacral
endplate and a horizontal line, (4) lumbar lordosis (LL): the
angle between the superior sacral endplate and the superior
endplate of L1, (5) L5 incidence (L5I): the angle between
the line perpendicular to the superior LS endplate and the
line joining the midpoint of superior L5 endplate and the
femoral head’s axis, (6) L5 slope (L5S): the angle between
the superior L5 endplate and a horizontal line, and (7) sacral
table angle (STA): the angle between the superior sacral
endplate and the trailing edge line of sacrum [Figure 1].

Statistical analysis

All statistical tests were performed using SPSS (IBM
Statistics software for Windows, version 19.0, SPSS,
Chicago, IL, USA). Continuous variables were described
by the formula of mean + standard deviation (SD).

Figure 1: Sagittal lumbosacral parameters. (a) ©: Pelvic incidence,
@: Pelvic tilt, ®: Sacral slope, @: Lumbar lordosis, (b) ®: L5 incidence,
®: L5 slope, @: Sacral table angle.

Independent-sample ¢-test was performed for comparisons
between the two subgroups and between the spondylolysis
group and the control group. A comparison was considered
significant at a value of P <0.05.

ResuLts

The spondylolysis group consisted of 40 males (76.92%) and
12 females (23.08%) with a mean age of 30.46 years (range:
19-55 years), while the control group consisted of
139 males (67.15%) and 68 females (32.85%) with a
mean age of 29.82 years (range: 18-55 years). There was
no significant difference of sex ratio between two groups.
Subgroup A consisted of 30 males and six females with
a mean age of 32.39 years, and Subgroup B consisted of
ten males and six females with a mean age of 26.13 years.
Distributions of defects in Subgroup A were three bilateral
at L4, 32 bilateral at L5, and one bilateral at L4 and L5, and
distributions of defects and olisthesis in Subgroup B were
2 bilateral at L4 with L4 olisthesis, 13 bilateral at L5 with
L5 olisthesis, and one bilateral at .4 and L5 with L4 and
LS olisthesis.

The range, mean, SD, and standard error of parameters
measured of 207 normal adults in the control group
are shown in Table 1. Seven sagittal lumbosacral
parameters, including PI, PT, SS, LL, L5I, L5S, and
STA, were compared between the two Subgroups using
independent-sample z-test. No statistically significant
difference of all the parameters aforementioned was
found between the two subgroups (P > 0.4). When
these sagittal lumbosacral parameters were compared
between the spondylolysis group and the control group
using independent-sample ¢-test, we found that the PI
in the spondylolysis group was strongly higher than
that in the control group (P < 0.001), but the STA in the
spondylolysis group was strongly lower than that in the
control group (P < 0.001). The PT, SS, and LL of the
spondylolysis group were also higher (P < 0.05), while the
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L5T and L5S of the two groups were almost the same, and
no statistically significant difference (P > 0.05) [Table 2].

Discussion

With the advancement of studies in recent decades, sagittal
lumbosacral parameters have been thought to play important
roles in the pathologies of various lumbar spine diseases.
PI, first proposed by Duval-Beaupére et al.l”} in 1992,
is the most important one of all the sagittal lumbosacral
parameters and closely related to the pathogenesis of lumbar
spondylolysis, degenerative lumbar spondylolisthesis,
lumbar disc herniation, etc.[® PI is a morphological parameter
of the pelvis, has a wide normal range, and does not change
with the posture or position of the pelvis.”’ PI of Han
Chinese people is not only different from Westerners’ but
also different from Koreans’.l'*!"l As a result, PI is not only
related with race but also with gender, region, age, and so
on. Normal PI range of Han Chinese people is 40-50°,
while Westerners and Koreans have an obviously higher
PI [Table 3]. PI is a static morphologic parameter that is
consistent throughout a person’s lifetime, with an only slight
increase during growth. PT is a postural parameter of the
pelvis, which reflects the compensatory ability of pelvis in
the sagittal plane. PT changes with the posture and position
of pelvis. The more the pelvis is retroversion, the greater
the PT will be. SS, like PT, is also a postural parameter
of pelvis and changes with the posture and position of the
pelvis. Geometrically, PI equals the sum of PT and SS. The

Table 1: Sagittal lumbosacral parameters of normal
adults in the control group (°, n = 207)

Parameters Range Mean = SD Standard error
PI 25 to 68 41.84+7.71 0.536
PT -10to 30 10.98 + 7.47 0.519
SS 9 to 54 30.86 + 7.35 0.511
LL 10 to 69 35.86 + 10.87 0.755
L5I 1to 38 18.57 + 6.60 0.459
L5S ~7t033 13.97 £ 6.41 0.445
STA 9lto 117  102.67 +4.80 0.334

PI: Pelvic incidence; PT: Pelvic tilt; SS: Sacral slope; LL: Lumbar
lordosis; LSI: LS incidence; L5S: L5 slope; STA: Sacral table angle;
SD: Standard deviation.

higher the PI is, the greater the PT or SS, or both will be.
Roussouly et al.'!! first brought forth the concept of L5I.
They thought that changes of L5I were closely related
with isthmic lumbar spondylolisthesis. Especially when a
severe isthmic spondylolisthesis occurs, L5I will change
dramatically.'"'”) However, in our current study, the L5I
did not increase in the Subgroup B patients when compared
with that in the Subgroup A patients. Similarly, the L5I was
nearly the same in both the spondylolysis group and the
control group. Our current study indicates that L51 is a stable
sagittal lumbosacral parameter in Han Chinese population,
and not related to the pathology of lumbar spondylolysis.
STA is a morphological parameter of the sacrum, which
remains unchanged after birth.

Numerous studies!'>!'%! have been performed to evaluate
sagittal spinopelvic alignment in normal adults and show
that those lumbosacral parameters remain relatively stable
through adulthood after skeletal maturation. Kim et al.['¥]
carried out a prospective comparative analysis of sagittal
alignment between young and old men without any spinal
pathology and found that no significant difference of P1, PT,
and SS exist between the normal young and old men. In this
study, there was no significant difference of age between the
spondylolysis group and the control group.

Recently, some scholars performed a series of studies
about the correlation of sagittal lumbosacral parameters
between lumbar spondylolysis and normal adults. Roussouly
et al." compared 82 lumbar spondylolysis patients with a
reference population of 160 normal adult volunteers without
symptoms of low back pain or radiographic abnormalities,
and noted that PI, PT, SS, and LL were significantly higher
in patients with lumbar spondylolysis. In a study from
Korean, Oh et al.?” compared sagittal alignment of a cohort
of 198 adults patients with lumbar spondylolysis with 80
age-matched healthy adults without any lumbar diseases,
and demonstrated that patients with lumbar spondylolysis
showed greater PI and SS but lower STA than healthy
adults. These two studies all emphasized the importance of
increased PI for lumbar spondylolysis.

In the present study, we observed that P, PT, SS, and LL were
higher in the spondylolysis group than those in the control

Table 2: Comparisons of sagittal parameters between the two subgroups and between the spondylolysis group and

the control group (°, mean = SD)

Parameters Subgroup A Subgroup B Spondylolysis Control group P1 P2
(n = 36) (n = 16) Group (n = 52) (n = 207)

PI 49.61 £ 10.90 48.94 +£9.49 49.40 + 10.40 41.84+7.71 0.832 <0.001
PT 14.81 £ 6.60 13.64 +4.23 14.45+5.95 10.98 +7.47 0.518 0.001
SS 34.70 £ 9.41 34.90 £ 9.60 34.76 = 9.38 30.86 + 7.35 0.946 0.007
LL 40.45 +13.38 40.94 + 11.84 40.60 = 12.81 35.86 + 10.87 0.901 0.007
L5I 20.37+8.76 22.08 £7.96 20.90 + 8.48 18.57 + 6.60 0.507 0.069
L5S 14.63 £ 8.53 16.71 £7.93 1527 +8.33 13.97 £ 6.41 0.412 0.296
STA 98.12 £ 5.09 99.40 +£5.24 98.51+5.12 102.67 + 4.80 0.413 <0.001

A value of P < 0.05 was considered significant. P1: comparisons between Subgroup A and Subgroup B, P2: comparisons between the spondylolysis
group and the control group. PI: Pelvic incidence; PT: Pelvic tilt; SS: Sacral slope; LL: Lumbar lordosis; L5I: L5 incidence; L5S: L5 slope; STA: Sacral

table angle; SD: Standard deviation.
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Table 3: Sagittal lumbosacral parameters of current and other studies

Parameters Current study Zhu et al."2 He ef al."l Lee et al.' Lim and Kim(*3! Boulay et al.l"®l
Country China China China Korea Korea France

n 207 260 77 86 30 149

PI (°) 41.84+7.71 44.6+11.2 43.6+123 47.8+93 49+9 53.13 +9.04
PT (°) 10.98 £ 7.47 11.2+7.8 129+7.8 11.5+53 11£6 11.96 = 6.44
SS (°) 30.86 + 7.35 325+65 29.3+10.9 36.3+7.8 38+7 41.18 £ 6.96
LL(°) 35.86 + 10.87 482+96 48.2+10.1 36.8+7.6 48 + 11 66.36 + 9.47
L5I (°) 18.57 + 6.60 - 192+82 - - -

L5S (°) 13.97 + 6.41 - - - - -

STA (°) 102.67 + 4.80 - - - - -

—: Not enrolled; PI: Pelvic incidence; PT: Pelvic tilt; SS: Sacral slope; LL: Lumbar lordosis; L5I: LS incidence; L5S: LS5 slope; STA: Sacral table angle.

group, but STA was lower in the spondylolysis group. PI of
the spondylolysis group was 49.40° £+ 10.40°, while PI of
the control group was 41.84° +7.71°, and the difference was
obviously statistically significant (P < 0.001) [Table 2]. We
believe that high PI can be an important factor contributing
to the development of lumbar spondylolysis. Because of
the geometrical relationship of PI = PT + SS and a narrow
normal range of PT (10-15° generally), when PI increases,
SS shows a greater increase than PT. When PI increases,
LL also increases. The higher the PI is, the more vertical
the sacrum will be. Under the circumstances, a higher LL
is needed for the spine to maintain an overall balance. On
the contrary, the lower the PI is, the more horizontal the
sacrum and the lower the LL will be. In our study, the LL
of 52 spondylolysis patients was 40.60° £ 12.81°, and the
LL of 207 normal adults was 35.86° + 10.87°. LL of the
spondylolysis group was significantly higher than LL of the
control group (P = 0.007). Stagnara et al.?!! reported that
LL increases linearly with SS. Labelle et al.?? concluded
that among people with high PI, the increase of LL is to
maintain the center of gravity and C7 plumb line behind
the femoral heads and to sustain a balanced posture. L5
vertebra lies over the oblique endplate of S1. Furthermore,
L4 and L5 are not only the junction of lumbar and sacrum
anatomically but also a transitive hub of gravity.) Gravity
loads on the spine are divided into two parts at L5/S1, one
being the forward shear force along the superior endplate
of S1, and the other being the downward compression load
perpendicular to the superior endplate of S1. Moreover, the
shear force increases from L1 to L5 gradually, reaching a
maximum value on L5.24 SS and LL are also high in people
with high PI. The higher the SS and LL are, the greater the
shear force and stress on L5 pars interarticularis will produce.
Hence, people with high PI suffer from lumbar spondylolysis
or lumbar spondylolisthesis more easily.

In addition, our study found that the STA of spondylolysis
group was lower than the normal control group, and the
mean STA of the spondylolysis group was 98.51° + 5.12°,
while the mean STA of the control group was 102.67° +
4.80° (P <0.001) [Table 2]. Inoue et al.™ in 2002 reported
that STA showed a significant decrease in the patients with
spondylolysis and subsequent spondylolisthesis. Whitesides
et al.?%in 2005 concluded that people with lower STA were

more likely to develop a pars defect, and even thought that
STA was more strongly associated with lumbar spondylolysis
than PI. In 2013, after comparing STA of 198 lumbar
spondylolysis patients with 80 normal adults, Oh et al.*"
found that STA of the spondylolysis patients was 94.4° £ 5.8°
while STA of the normal adults was 100.5° £ 4.7°, and the
difference was statistically significant (P < 0.001). All the
results of the studies mentioned above are consistent with
ours. Low STA leads to the increase of shear force in the
lumbar spine, especially in the lower lumbar spine, which
produces more stress on pars interarticularis and finally
results in spondylolysis.

It is well known that spondylolysis almost all occurs in
childhood and adolescence.?”?*] However, all radiographic
data collected in the current study derived from an adult
population. As such, a question is subsequently brought
forth that whether conclusions obtained from adults in our
study can be applied to children and adolescents or not? After
evaluation of sagittal alignment in a cohort of 341 normal
children and adolescents (range: 3—18 years), Mac-Thiong
et al.”® concluded that mean values of PI, PT, SS, LL,
and other parameters were slightly smaller than those of
normal adults, but the children and adolescents displayed
similar sagittal biomechanics and relationships between
sagittal parameters when compared with adults. PI was also
closely correlated with PT and SS, and high PI or low STA
also lead to the increase of lumbosacral shear force and
put more stress on pars interarticularis in the children and
adolescents. The results from Ghandhari e al.B% were in
accordance with that from Mac-Thiong et al.!*! after their
study of 98 children and adolescents (range: 8—19 years)
in sagittal parameters. Therefore, like in adults, high PI or
low STA make lumbar spondylolysis occur more easily in
children and adolescents too.

In conclusion, our current study found that PI, PT, SS, and
LL were higher in the spondylolysis group than those in
the control group, and L5I and L5S were almost the same
in both groups, but STA was lower in the spondylolysis
group than that in the control group. The results suggest
that higher PI and lower STA may play more important roles
in the pathology of lumbar spondylolysis in Han Chinese
population.
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