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Abstract

Lumbar disc-displacement, Modic changes (MCs), and UTE Disc Sign (UDS) on MRI

are clinically relevant spinal phenotypes that can lead to sciatica/LBP. Not all

degenerated discs result in disc-displacement, MCs and UDS, suggesting varied etiol-

ogies. Spinopelvic parameters have been implicated in various spinal disorders. Pelvic

incidence (PI) is “fixed parameter” since skeletal maturity. No study has addressed

disc-displacement, MCs and UDS in context of spinopelvic parameters. Therefore,

the aim of study was to determine if spinopelvic parameters are associated and pre-

dict clinically-relevant MRI-phenotypes. One hundred and eight population-based

subjects (mean age: 52.3 years) were recruited. Spondylolisthesis and scoliosis indi-

viduals were excluded. Lumbar lordosis (LL), PI, sacral slope (SS), and pelvic tilt

(PT) were assessed on lateral plain radiographs. Disc degeneration was assessed and

summated, and presence or not of disc-displacement and MCs were noted on T2W

MRI. UDS was detected on UTE. Following exclusion criteria, 95 subjects were

assessed. Disc-displacement (82.1%), MCs (52.6%), and UDS (37.9%) were associated

with lower PI, SS, LL, and LL/PI index. On multivariate analyses, lower PI was signifi-

cantly related to development of these MRI phenotypes (adjusted OR

range:0.95-0.92; P < .05), with critical PI value of 42� or lower exhibiting fourfold

increase risk of combined phenotypes (P = .020). Of UDS discs, 39.3% had adjacent

MCs and 83.6% had disc-displacement. 87.5% of MC had directly adjacent UDS. The

first study to note that PI may “predict” the development of disc-displacement, MCs

and UDS, suggesting potential sub-variants and mechanistic susceptibility that may

be grounded in spinopelvic evolution. An “evolutionary etiological pathway” of spinal

phenotype development is proposed.
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1 | INTRODUCTION

Low back pain (LBP) is the leading disability worldwide and a tremen-

dous socioeconomic burden.1,2 Mismatches between conventional

T2-weighted (T2W) MRI-defined disc degeneration and LBP exist.3,4

Spinal phenotypes consistently associated with, and predictive for,

LBP and/or sciatica, are lumbar disc displacement and Modic changes

(MCs; ie, subchondral vertebral bone marrow lesions).4,5 Vertebral

endplate structural defects, such as Schmorl's nodes, may often be

benign.6 Lifestyle factors, excessive loading, and genetics among

others may contribute to the development of such spinal pheno-

types.5,7,8 However, such risk factors are often not consistently repli-

cated, suggesting that other factors can be more influential and/or

part of the spectrum.9,10

The “UTE Disc Sign” (UDS) on ultra-short time-to-echo (UTE) MRI

by Pang et al11 was recently reported, and found to be strongly asso-

ciated with disc degeneration severity, lumbar disc displacement,

MCs, LBP, and disability. The UDS was noted to may represent disc

calcification, which usually embody active inflammation and can

“stiffen” the disc material; thereby, affecting the kinematics of the disc

and motion segment.12 Such calcification has been found in degenera-

tive and scoliotic discs, suggesting that abnormal mechanical loading

may be a likely mechanism.13 Therefore, the UDS may potentially

have a role in the initiation and propagation of lumbar disc displace-

ment and/or instability, causing disc and endplate disruptions/damage

that can potentially lead to MCs; thereby, increasing the risk for LBP.

Balanced sagittal alignment of the spine is vital for spinal function

and is crucial to maintain upright postures.14,15 The neutral upright

sagittal alignment is achieved only when the spine and pelvis are in

sync.16,17 The harmonious connection of the pelvis with the spine,

also known as “spinopelvic balance,” contributes considerably to over-

all sagittal balance. The three main defining spinopelvic parameters

are pelvic incidence (PI), pelvic tilt (PT), and sacral slope (SS) (Figure 1).18

PI is a “fixed” parameter, akin to one's genetic make-up, at skele-

tal maturity19 and may vary between individuals.14 PI is essentially an

individual's genetic blue-print. This is based on concurrent spinopelvic

adaptations as a consequence of human evolutionary requirements

for a well-balanced upright spine in the progression toward perma-

nent bipedalism.20 Increased PI is an adaptation for naturally selecting

a nearly perfect pelvis that can support the upright trunk and at the

same time provide energy-efficient bipedalism.21 PT and SS are usu-

ally determined by pelvic orientation and can vary.17

PI, a summation of the PT and SS, is arguably the most studied

spinopelvic parameter22 and may highly be associated with pain and

disability.15,17,23 PI directly correlates with lumbar lordosis (LL),24

which may be affected by degenerative changes.17 PI is generally

thought to be unaffected by lumbar degenerative changes.17 Associa-

tion of increased PI with spondylolisthesis25 and facet joint degenera-

tion14,16 has been reported by several studies. Previously, a decreased

PI was noted with degenerative disc disease, lumbar disc displace-

ment, and chronic LBP.17,26,27 Therefore, spinopelvic balance disrup-

tion can alter biomechanical stresses at the lumbo-sacral junction and

also in the compensation mechanisms used to maintain an adequate

posture,28 leading to aforementioned spinal and disc changes as well

as LBP. However, not all disc degeneration on MRI may lead to lumbar

disc displacement and/or MCs, and that potential sub-variants in the

etiologies of these phenotypes may exist.5

Since the advent of MRI, a discrepancy still remains between vari-

ous spinal phenotypes and their potential etiological factors.29–31

Therefore, it is very plausible that spinopelvic parameters may be the

“missing link” between clinically-relevant phenotypes, such as lumbar

disc displacement, MCs, and UDS, and their development. Therefore,

such spinopelvic parameters warrant further investigation to address

this constellation of MRI findings. As such, this study aimed to deter-

mine if spinopelvic parameters, in particular PI (fixed entity), are asso-

ciated and can “predict” the development of clinically-relevant MRI

phenotypes of lumbar disc displacement, MCs, and UDS.

2 | METHODS

Study design: Cross sectional.

Level of evidence: II.

F IGURE 1 Representative plain radiographic lateral images of the
full spine illustrating measurement of (A) lumbar lordosis (α): the
resultant angle of the line intersecting the superior endplate of L1 and
the inferior endplate of L5, pelvic incidence (β): the resultant angle of
the line perpendicular to the superior sacral endplate and the line

connecting the midpoint of the superior sacral endplate to the mid-
point of femoral head axis, pelvic tilt (γ): the resultant angle of the line
connecting the midpoint of the sacral plate to the mid-point of the
femoral head axis and the vertical plane. (B) Sacral slope (δ): the
resultant angle between the superior plate of S1 and the
horizontal line
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2.1 | Study population

One hundred and eight Southern Chinese volunteers with age range

of 22 to 67 years (mean age: 52 years; 50% males) were recruited

from a population study to be part of a new cohort addressing novel

imaging. The recruitment parameters have been reported else-

where.7,8,32 In short and following institutional review board approval,

108 subjects were randomly recruited, irrespective of pain profile. No

subjects underwent previous spine surgery. The sample size was

determined based on funding constraints; however, currently repre-

sents the first study to date that have undergone T2- and

T1-weighted as well as UTE MRI along with standing lateral plain

radiographs. All subjects were enrolled consecutively and informed

consent was obtained. Of these 108 subjects, 11 subjects were

excluded for the following study because they exhibited spo-

ndylolisthesis, scoliosis, trauma, or active infections on MRI that were

also confirmed on plain radiographs, and/or the femoral head was not

visible to facilitate PI assessment. Two subjects were also excluded

because, due to scheduling conflicts, did not undergo plain radiograph

assessment. As such, 95 subjects were included in the following

cross-sectional study.

2.2 | Radiographic measurements

Lateral plain standing radiographs of the lumbar spine (L1-S1), pelvis

and proximal femur were assessed. The volunteers were standing

erect with arms raised and slightly fisted hands resting on their clavi-

cles. The film focus distance was 180 cm and other exposure factors

were 88 kVp and 32 mAS. These radiographic acquisition parameters

were kept consistent in all the individuals, irrespective of their body

mass index (BMI). All radiographs were acquired digitally. LL and

spinopelvic parameters (ie, PI, PT, and SS) were measured based upon

the lateral radiographs, and are defined as illustrated in Figure 1.15,17

The LL/PI index was also tabulated.33 A medical doctor experienced

in image assessment and blinded to MRI findings assessed all plain

radiographs (UZ). All radiological parameters on 25 randomly selected

radiographs were reassessed after 3 weeks to obtain the intra-

observer reliability estimate. Based on Cronbach's alpha reliability

assessment,34 the reliability was good to excellent (LL: a = 0.85, PI:

a = 0.87, PT: a = 0.92, and SS: a = 0.91).

2.3 | MRI Assessment

All subjects underwent MRI of L1-S1 via a 3 T MRI scanner (Achieva,

Philips Healthcare, Best, The Netherlands). Sagittal T2W MRI were

acquired using a standard spin-echo imaging sequence with the fol-

lowing parameters: FoV = 200 mm, slice thickness = 2.4 mm, acquisi-

tion matrix = 400 × 232, and TE/TR = 120 ms/2000 ms. UTE MRI

was acquired by a 3D UTE shifting TE phase-encoded stack of spirals

trajectory. The UTE imaging parameters were as follows:

FOV = 240 mm, slice thickness = 1.2 mm, TR = 4.8 ms, TE =0.140 ms,

and acquisition voxel size =0.5 × 0.5mm2. The axial T1W sequences

obtained for this cohort were not employed.

Based on sagittal T2W MRI, the Pfirrmann et al35 grading system

was used to assess disc degenerative scores. Grades 4 and 5 were

regarded as “black discs.” A cumulative “disc degeneration score”

(potential range: 0-25)36 was obtained from a summation of individual

discs scored from L1 to S1 via the Pfirrmann et al35 method. Lumbar

disc displacement (disc bulges, protrusion, and extrusion were

grouped together), represented by the displacement of the annular

fibers beyond the vertebral margin were assessed. MCs10,37 were

noted, regardless of the Type due to the study sample size. One may

deduce that the majority of the MCs were Type II, as noted in our pre-

vious studies of this ethnic group population.37 In fact, we have found

Modic Type I and Type II to be associated with pain/disability in past

studies.10,54 Sagittal UTE MRI was used to detect UDS (ie, hypo-

intense disc band).11 The location of the UDS in relation to MCs and

lumbar disc displacement was also noted. If UDS and MCs overlapped

or not in the same location, this observation was noted. MRI pheno-

types were assessed by trained raters (U.Z., J.P.Y.C., and D.S.). All

raters were kept blinded to radiographic findings. The inter- and intra-

rater reliability of T2W MRI and UTE MRI phenotypes were excellent

(k = 0.91, k = 1.00, respectively) and previously reported.11,32 Age

(years), sex-type (males vs females), body weight (kilograms), body

height (meters), and BMI (kg/m2) were noted for every individual.

2.4 | Statistical analyses

SPSS v24 (Chicago, Illinois) was used to perform the statistical ana-

lyses. Descriptive and frequency analyses were performed of the data

set, noting percent (%), and mean ± SD (SD) values. The spinopelvic

parameters were found to be parametric. Univariate analyses con-

sisted of independent-samples t-test and chi-square or Fisher's Exact

Test where appropriate. Pearson correlation analysis (r) was obtained.

Multivariate analyses consisted of binary logistic regression, whereby

odds ratios (OR) and 95% confidence intervals (CI) were evaluated.

Due to the sample size, a limit was placed as to how many co-variates

could be used in a model. For the context of this study and based on

prior knowledge, age, sex-type, and BMI were the subject characteris-

tics noted in each model, along with the PI and the PI-LL index since

the PI parameter is the only spinopelvic measure that is “fixed” in indi-

viduals and nonmodifiable to assess “prediction.” The cumulative disc

degeneration score was also used for model adjustment in an attempt

to control for potential disc degeneration severity effects upon the

development of lumbar disc displacement, MCs, UDS and a combina-

tion of all three. Factors related to black discs were also assessed. Sta-

tistical significance was established at P < .05.

3 | RESULTS

Following exclusion of 13 subjects, 95 subjects were included in the

study. There were 45 males (47.4%) and 50 (52.6%) females, with a
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mean age in years of 52.4 (SD:7.4) and a mean BMI in kg/m2 of 24.6

(SD:3.6). There were 69 (72.6%) subjects with black discs, 78 (82.1%)

with lumbar disc displacement, 50 (52.6%) with MCs, 36 (37.9%) with

UDS, and 23 (24.2%) with combined lumbar disc displacement /MCs/

UDS. The cumulative disc degeneration score of L1-S1 was 15.9

(SD:3.0). The number of disc levels (range from 0 to 5) with lumbar

disc displacement, MCs and UDS were 2.4 (SD:0.7), 1 (SD:1.3), and

0.6 (SD:1.0), respectively. The mean values in degrees of PI, SS, PT,

LL, and LL/PI index were 45.1 (SD:11.6), 28.2 (SD:7.1), 11.6 (SD:8.0),

28.6 (SD:12.1), and 0.64 (SD:0.27), respectively. Age, BMI and cumu-

lative disc degeneration scores were not found to significantly corre-

late with the spinopelvic parameters (Table 1). Table 2 illustrates the

univariate analyses of the spinopelvic parameters in relation to the

different phenotypes.

Of all the discs from 95 subjects, 61 discs showed UDSs. 83.6% of

UDS discs were noted to have lumbar disc displacement. In 39.3% of

discs, adjacent MCs were observed. MCs were mapped according to their

location on the endplates (ie, anterior, middle, and posterior). Similar map-

ping was done for presence of the UDS in the discs. Overlapping of both

phenotypes at the same site was observed in 87.5% of the discs. All discs

with UDS and adjacent MCs also had lumbar disc displacement (Figure 2).

Based on multivariate modeling, increasing age was the only pre-

dictive factor for the overall presence of a black disc (adjusted

OR:1.17; 95% CI:1.06-1.29; P = .002; Table 3). With respect to the

development of lumbar disc displacement, MCs, UDS, and a combina-

tion of these three phenotypes, all models were equally adjusted for

subject demographics and cumulative disc degeneration scores. For

lumbar disc displacement, a lower LL/PI index (adjusted OR:0.02; 95%

CI:0-0.64; P = .027) and decrease PI (adjusted OR:0.93; 95%

CI:0.87-0.97; P = .039) were found significant. With respect to MCs

(adjusted OR:0.94; 95% CI:0.90-0.99; P = .025), UDS (adjusted

OR:0.95; 95% CI:0.90-0.99; P = .019) and the combined phenotypes

(adjusted OR:0.92; 95% CI:0.87-0.98; P = .009), a lower PI was signifi-

cantly predictive. Adopting a conservative estimate of a PI of 42�

based on the mean distribution of the combined phenotypes, a four-

fold increase risk in developing these phenotypes was found in sub-

jects who had a 42� PI or lower (adjusted OR: 4.15; 95% CI:

1.25-13.83; P = .020; Figures 2 and 3).

4 | DISCUSSION

This is the first study that has assessed the predictive role of PI in

lumbar disc displacement, MCs, and UDS. Our findings indicate that

low PI “predicts” these clinically relevant spinal phenotypes, increasing

the risk of development up to 8% for “each” decreased degree of

angulation. This finding is irrespective of age, sex-type, BMI, and disc

degeneration severity. In fact, in the context of these subject demo-

graphics, PI was a greater and more significant predictive factor. A

critical PI value was noted; whereby, a PI of 42� or lower exhibited a

fourfold increased risk in the development of these phenotypes, this

42� was determined from ROC analyses. Several studies have investi-

gated spinopelvic alignment in patients having certain signs of disc

degeneration,38 lumbar disc displacement,39 and spondylolisthesis.17

However, and in particular, excluding cases of spondylolisthesis and

having a more robust definition of disc degeneration in our study, we

noted the novel finding that PI was significantly related to MCs, UDS

as well as lumbar disc displacement and the combination of the three

phenotypes. Furthermore, age and BMI were not associated with any

of the pelvic parameters, which were in agreement with many previ-

ous reports.40–42

Lumbar disc displacement subjects tended to have lower PI, SS,

and LL, irrespective of demographics and degree of disc degeneration.

These findings are in accordance with some previous reports.17,39 A

lower PI with smaller SS may represent a more “vertical sacrum.”

Moreover, a straighter spine with a less pronounced LL may exhibit

greater compressive forces on the discs that may fail to adapt, which

may accelerate the degeneration of the disc; thereby, producing struc-

tural failure that can lead to lumbar disc displacement and other phe-

notypes (Figure 4).39

In our study, the overlap of the UDS with MCs is a substantial

step forward in understanding the significance of these disc signs.11,12

This pattern of association indicated that altered disc integrity

brought upon by disc calcification can act as a focal stressor and result

in a reactive response toward the adjacent endplate that may, in some

individuals, lead to MCs. Interestingly, the most convincing association

was seen in individuals having UDS, lumbar disc displacement and

MCs with low PI. A lower PI would alter the transmission of

TABLE 1 Correlation analyses between subject demographics and cumulative degenerative disc score of L1-S1 on magnetic resonance
imaging (MRI) to that of spinopelvic parameters

Variables

Spinopelvic parameters
Age BMI Cumulative Pfirrmann disc

degeneration score(years) (kg/m2)

Pelvic incidence (degrees) r = .184, P = .75 r = .014, P = .898 r = .183, P = .076

Sacral slope (degrees) r = .161, P = .119 r = −.081, P = .447 r = .123, P = .234

Pelvic tilt (degrees) r = .026, P = .806 r = −.060, P = .571 r = .159, P = .124

Lumbar lordosis (degrees) r = .109, P = .293 r = .058, P = .587 r = −.076, P = .465

Lumbar lordosis/pelvic

incidence index

r = .018, P = .865 r = .100, P = .345 r = −.153, P = .139

Abbreviations: BMI, body mass index; kg, kilograms; m, meters; UTE: ultra-short time-to echo.
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mechanical loading causing much of the axial compressive stresses on

the discs and their adjacent vertebral endplates,43 supporting the

development of UDS, lumbar disc displacement and associated MCs.

Altered mechanical loading may increase levels of Collagen type X,44

which implies a positive role in cartilage calcification.45 The calcifica-

tion process causes the gradual loss of cartilaginous endplate and

reduction of disc nutritional pathways, further initiating degenera-

tion.46 The degenerated discs are closely related to reduced

mechanical pressure and are characterized by increased porosity and

thinning of the endplates, making them vulnerable to damage.47 The

damaged endplate removes the barrier between the discs and sub-

chondral bone marrow, encouraging “cross-talk” and the cascade

leading to MCs.48 In our study, the association of lumbar disc dis-

placement, MCs, and UDS with low PI, independent of other factors,

indicates that sagittal spinopelvic alignment may substantially

impact upon the development of spinal phenotypes critical to

TABLE 2 Univariate association of various lumbar spinal phenotypes on T2-weighted magnetic resonance imaging (MRI) and ultra-short
time-to echo (UTE) MRI to that of spinopelvic parameters

Lumbar phenotypes on MRI

Disc degeneration
(black disc) Disc displacement Modic changes UTE disc signa

Combined disc
displacement,
Modic changes, and
UTE disc sign

Spinopelvic

parameters

No

n = 26

Yes

n = 69

No

n = 17

Yes

n = 78

No

n = 45

Yes

n = 50

No

n = 59

Yes

n = 36

No

n = 72

Yes

n = 23

Pelvic incidence

(degrees)

43.5 ± 11.0 45.7 ± 11.8

P = .420

47.4 ± 12.7 44.6 ± 11.4

P = .366

46.8 ± 12.0 43.5 ± 11.1

P = .171

46.4 ± 12.5 43.2 ± 9.9

P = .228

46.1 ± 11.9 41.9 ± 1.1

P = .127

Sacral slope (degrees) 27.6 ± 6.8 28.5 ± 7.3

P = .566

32.2 ± 8.1 27.4 ± 6.68

P = .010*

3.0 ± 7.9 26.7 ± 5.99

P = .025*

28.2 ± 6.9 28.6 ± 7.6

P = .991

29.1 ± 7.5 25.4 ± 5.3

P = .028*

Pelvic tilt (degrees) 9.9 ± 9.4 12.2 ± 7.3

P = .207

1.3 ± 11.9 11.9 ± 6.9

P = .460

1.8 ± 8.5 12.2 ± 7.5

P = .410

11.7 ± 8.3 11.4 ± 7.5

P = .890

11.4 ± 8.2 12.0 ± 7.3

P = .763

Lumbar lordosis

(degrees)

28.0 ± 11.2 28.8 ± 12.5

P = .762

35.6 ± 1.0 27.0 ± 12.1

P = .007*

31.5 ± 11.8 25.8 ± 11.9

P = .021*

3.0 ± 11.6 26.2 ± 12.8

P = .141

3.2 ± 11.9 23.6 ± 11.6

P = .023*

Lumbar Lordosis/

pelvic

incidence index

.64 ± .22 .65 ± .29

P = .940

.79 ± .27 .62 ± .26

P = .012*

.69 ± .26 .60 ± .28

P = .116

.66 ± .24 .62 ± .32

P = .521

.66 ± .26 .58 ± .30

P = .196

Note: Endplate abnormalities represent structural endplate changes/defects involving the bony/cartilaginous endplates. The value of “n” represents the
sample size of subjects. Values are presented as mean and SD.
aUltra-short time-to echo (UTE) MRI to that of spinopelvic parameters.

*P < .05.

F IGURE 2 Images illustrating the
lumbar spine of a 56 year-old male by
three different imaging techniques. A,
Lateral plain radiograph showing low
pelvic incidence of 33�. B, T2 weighted
MRI scan showing Modic changes (red
circles) and disc displacement (blue
arrow). C, Ultra-short time-to-echo (UTE)
showing the UTE Disc Signs (UDS) at
multiple levels (red arrows). Note the
overlap of Modic changes and UDS
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discogenic and vertebrogenic related LBP. Also, via the spinopelvic

pathway, there can be variants or sub-types within each spinal phe-

notype that are more attributed to such developmental/evolutionary

influences and others to extraneous risk factors. Additional studies

are needed to further determine the derivation of specific pheno-

typic patterns and their proclivity to being more symptomatic than

others.

4.1 | Evolutionary etiology pathway of spinal
phenotypes

Individuals with less structural adaptation to bipedalism, such as a lower

PI and vertical pelvis, are prone to sub-optimal biomechanics and

altered disc-endplate stressors (Figure 4).13,44,46–48 Individuals with a

low PI exhibit a more vertical pelvis closer to the morphology of big

TABLE 3 Multivariate logistic regression analysis addressing determinants of the overall presence of spinal phenotypes on T2-weighted
magnetic resonance imaging (MRI) and ultra-short time-to echo (UTE) MRI

OR 95% confidence interval P-value

Presence of disc degeneration (black disc)

Age (years) 1.17 1.06–1.29 .002*

Sex-type (males) 0.52 0.16-1.70 .277

BMI (kg/m2) 1.19 1.00-1.43 .056

Lumbar lordosis/Pelvic incidence index 0.96 0.12-7.90 .971

Pelvic Incidence (degrees) 1.02 0.96–.1.08 .554

Presence of disc displacement

Age (years) 1.03 0.91-1.17 .653

Sex-type (males) 1.23 0.34-4.53 .751

BMI (kg/m2) 0.99 0.84-1.17 .910

Cumulative Pfirrmann

Disc degeneration score

1.23 0.97-1.56 .096

Lumbar lordosis/pelvic incidence index 0.020 0–0.64 .027*

Pelvic incidence (degrees) 0.93 0.87–0.97 .039*

Presence of Modic changes

Age (years) 0.86 0.78-0.96 .007*

Sex-type (males) 2.97 0.95-9.32 .063

BMI (kg/m2) 0.89 0.75-1.05 .172

Cumulative Pfirrmann disc degeneration score 1.68 1.30-2.18 <.001*

Lumbar Lordosis/pelvic incidence index 0.66 0.10-4.35 .665

Pelvic incidence (degrees) 0.94 0.90–0.99 .025*

Presence of UTE disc sign

Age (years) 1.03 0.94-1.14 .504

Sex-Type (Males) 1.23 0.43-3.65 .704

BMI (kg/m2) 0.93 0.86-1.16 .934

Cumulative Pfirrmann disc degeneration score 1.52 1.18-1.96 .001*

Lumbar lordosis/pelvic incidence index 0.67 0.11-4.24 .667

Pelvic incidence (degrees) 0.95 0.90–.991 .019*

Presence of combined disc displacement, modic changes, and UTE disc sign

Age (years) 0.94 0.83-1.06 .300

Sex-type (males) 1.43 0.42-4.84 .572

BMI (kg/m2) 0.98 0.82-1.18 .865

Cumulative Pfirrmann disc degeneration score 1.84 1.29-2.63 .001*

Lumbar lordosis/Pelvic incidence index 0.38 0.05-2.66 .326

Pelvic incidence (degrees) 0.92 0.87-0.98 .009*

Note: Cumulative Pfirrmann disc degeneration score consists of the combined individual disc scores from L1 to S1. This covariate was note used in the

model addressing “Presence of Disc Degeneration (Black Disc)” since disc degeneration was a dependent variable.

Abbreviations: BMI, body mass index; kg, kilograms; m, meters.

*P < .05.
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primates that possess a very short (anterior–posterior diameter) pel-

vic ring.23 In our “earliest upright ancestors,” bipedal walking was

facilitated by some fundamental pelvic alterations.49 The straight

alignment with small spinal curves and small PI has been identified in

Neanderthal lineage hominins20,50; interestingly, a similar morphol-

ogy was seen in almost 7.8% of healthy adult modern humans.50

Despite evolution, variations in spinopelvic parameters in contempo-

rary hominids may exist, contributing to their “personalized” evolu-

tionary PI profile.

The role of genetics to the development of spinal degenerative

phenotypes has been widely studied; however, heritability estimates

vary from 26% to 77%.9,51,52 Considering the potential possibility of

genetic predisposition to PI, we can assume that genetics may play its

part in the development of disc degenerative features by determining

the PI and shape of the pelvis; thereby, degenerative changes of the

disc and endplate region are induced rather than sole contribution

from the disc degenerative process. As such, we propose an “Evolu-

tionary Etiology” pathway with respect to clinically-relevant anterior

column phenotypes (Figure 4).

4.2 | Strengths and limitations

Like any clinical study, ours has limitations. The sample size of our

study consisted of 95 individuals and parameters of back pain/sciatica

could not be included in data analysis. However, to our knowledge

this study represents the only study to date addressing various spinal

phenotypes on conventional MRI, UTE MRI and plain radiographic

parameters of spinopelvic alignment. Multivariate modeling was used

to control for any potential confounders. LL can be a by-product of

spine changes; therefore, LL-PI index, which is believed to be a statis-

tically validated parameter, was taken into account in this model. The

inclusion of stable parameter that is PI also covered PT & SS as they

directly correlated with the PI angle. We further excluded cases of

spondylolisthesis and scoliosis that may further confound our findings.

The use of UTE MRI to assess additional spinal phenotypes that may

have been hidden on traditional T2-weighted MRI is another forte of

this study. Although our study is technically deemed as cross-sec-

tional, PI is a “fixed” variable, somewhat like one's genetic constitution

that can allow prospective prediction as related to the phenotypes.

However, our cohort represented Southern Chinese and additional

studies are needed to assess the generalizability of our findings in

other ethnic groups. Nonetheless, due to the homogeneity of our

cohort, this further decreased any inherent confounds. Nonetheless,

additional, prospective, and multi-ethnic studies are further needed to

validate our findings.

4.3 | Clinical impact

Our findings further broaden the understanding of spine degenera-

tion and, subsequently, pain. Currently, imaging techniques with

even lower ionizing radiation dose exposure (eg, EOS) in comparison

to conventional plain radiographs or no such exposure, such as

ultrasound and smartphones, can assess one's spinopelvic align-

ment.52 Such information can obtain a more personalized profile of

an individual, knowing who is at risk for spinal phenotype develop-

ment. Such knowledge will allow early-initiated and effective pre-

ventative measures and management options. This can facilitate

more refined patient selection, for example in the context of biolog-

ical regenerative therapies for the disc and/or endplate, as well as

the development of novel, bespoke targeted therapeutics. In addi-

tion, the opportunity to identify unique variants/sub-types of spinal

phenotypes based on etiology and alignment patterns may shed

light to facilitate more effective preventative and management

protocols.

F IGURE 3 Images depicting the
lumbar spine of 53 year-old female by
three different imaging techniques. A,
Lateral plain radiograph showing high
pelvic incidence of 67�. B, T2-weighted
MRI showing no Modic changes. C, Ultra-
short time-to-echo (UTE) with no UTE
disc signs
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5 | CONCLUSIONS

Though there are several previous studies who have seen the associa-

tion of various spinal phenotypes on MRI and radiographic parameters

of spinopelvic alignment53,54 but our study is the “first” to identify

that a low PI may “predict” the development of clinically-relevant spi-

nal phenotypes of lumbar disc displacement, MCs and UDS,

irrespective of subject demographics and disc degeneration severity.

A PI critical value of 42� or lower was found to have a fourfold

increase in the development of these phenotypes. The association of

PI with UDS is novel, stressing that altered biomechanics may induce

disc calcification that can affect disc kinematics and the endplate.

Such calcification can create stress concentrations leading to the initi-

ation of annular fissures and cracks in the endplate, increasing the risk

F IGURE 4 The Evolutionary Etiology pathway of the development of various spinal phenotypes
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of MCs. Our study notes evidence for the “Evolutionary Etiology”

pathway related to anterior column spinal phenotypes that may lead

to LBP/sciatica (Figure 4). Understanding spinopelvic parameters and

to potentially obtain one's “evolutionary spinopelvic imprint” with

novel technology can lead to more personalized approaches to spine

care and improved patient outcomes.

ACKNOWLEDGMENTS

This work was supported by grants from the Hong Kong Theme-

Based Research Scheme (T12-708/12N) and the Hong Kong Research

Grants Council (777111).

CONFLICT OF INTEREST

The authors have no conflict of interest.

AUTHOR CONTRIBUTIONS

U.Z. and D.S. conceived the study. C.B., J.C., D.S., and U.Z. collected

data. U.Z. and D.S. performed the statistical analyses. U.Z. wrote the

initial draft of the manuscript. D.S. and R.J.C. provided key edits to

the manuscript. All the authors provided edits and revision of the

manuscript. All authors interpreted the findings. D.S. obtained

funding, supervised the study, and provided administrative support.

All of the authors have read and approved the final submitted

manuscript.

ORCID

Uruj Zehra https://orcid.org/0000-0002-3051-4200

REFERENCES

1. Murray CJ, Barber RM, Foreman KJ, et al. Global, regional, and

national disability-adjusted life years (DALYs) for 306 diseases and

injuries and healthy life expectancy (HALE) for 188 countries,

1990-2013: quantifying the epidemiological transition. Lancet. 2015;

386(10009):2145-2191.

2. Wong AY, Karppinen J, Samartzis D. Low back pain in older adults:

risk factors, management options and future directions. Scoliosis Spi-

nal Disord. 2017;12:14.

3. Samartzis D, Ito K, Wang JC. Disk degeneration and pain. Global Spine

J. 2013;3(3):125-126.

4. Chou D, Samartzis D, Bellabarba C, et al. Degenerative magnetic reso-

nance imaging changes in patients with chronic low back pain: a sys-

tematic review. Spine. 2011;36(Suppl 21):S43-S53.

5. Dudli S, Fields AJ, Samartzis D, et al. Pathobiology of Modic changes.

European Spine J. 2016;25(11):3723-3734.

6. Kyere KA, Than KD, Wang AC, et al. Schmorl's nodes. Eur Spine J.

2012;21(11):2115-2121.

7. Samartzis D, Karppinen J, Chan D, et al. The association of lumbar

intervertebral disc degeneration on magnetic resonance imaging with

body mass index in overweight and obese adults: a population-based

study. Arthritis Rheum. 2012;64(5):1488-1496.

8. Samartzis D, Karppinen J, Mok F, et al. A population-based study of

juvenile disc degeneration and its association with overweight and

obesity, low back pain, and diminished functional status. J Bone Joint

Surg Am. 2011;93(7):662-670.

9. Eskola PJ, Mannikko M, Samartzis D, et al. Genome-wide association

studies of lumbar disc degeneration-are we there yet? Spine J. 2014;

14(3):479-482.

10. Mok FP, Samartzis D, Karppinen J, et al. Modic changes of the lumbar

spine: prevalence, risk factors, and association with disc degeneration

and low back pain in a large-scale population-based cohort. Spine J.

2016;16(1):32-41.

11. Pang H, Bow C, Cheung JPY, et al. The UTE disc sign on MRI: a novel

imaging biomarker associated with degenerative spine changes, low

back pain and disability. Spine. 2017;43(7):503-511.

12. Zehra U, Bow C, Cheung JP, et al. The association of lumbar inter-

vertebral disc calcification on plain radiographs with the UTE disc sign

on MRI. Eur Spine J. 2017;27(5):1049-1057.

13. Hristova GI, Jarzem P, Ouellet JA, et al. Calcification in human inter-

vertebral disc degeneration and scoliosis. J Orthop Res. 2011;29(12):

1888-1895.

14. Lv X, Liu Y, Zhou S, et al. Correlations between the feature of sagittal

spinopelvic alignment and facet joint degeneration: a retrospective

study. BMC Musculoskelet Disord. 2016;17(1):341.

15. Mehta VA, Amin A, Omeis I, et al. Implications of spinopelvic align-

ment for the spine surgeon. Neurosurgery. 2012;70(3):707-721.

16. Jentzsch T, Geiger J, Bouaicha S, et al. Increased pelvic incidence may

lead to arthritis and sagittal orientation of the facet joints at the lower

lumbar spine. BMC Med Imaging. 2013;13(1):34.

17. Barrey C, Jund J, Noseda O, et al. Sagittal balance of the pelvis-spine

complex and lumbar degenerative diseases. A comparative study

about 85 cases. Eur Spine J. 2007;16(9):1459-1467.

18. Abelin-Genevois K, Estivalezes E, Briot J, et al. Spino-pelvic alignment

influences disc hydration properties after AIS surgery: a prospective

MRI-based study. Eur Spine J. 2015;24(6):1183-1190.

19. Chen HF, Zhao CQ. Pelvic incidence variation among individuals:

functional influence versus genetic determinism. J Orthop Surg Res.

2018;13(1):59.

20. Tardieu C, Bonneau N, Hecquet J, et al. How is sagittal balance

acquired during bipedal gait acquisition? Comparison of neonatal and

adult pelves in three dimensions. Evolutionary implications. J Hum

Evol. 2013;65(2):209-222.

21. Schlosser TPC, Janssen MMA, Hogervorst T, et al. The odyssey of

sagittal pelvic morphology during human evolution: a perspective on

different Hominoidae. Spine J. 2017;17(8):1202-1206.

22. Vrtovec T, Janssen MM, Likar B, et al. A review of methods for evalu-

ating the quantitative parameters of sagittal pelvic alignment. Spine J.

2012;12(5):433-446.

23. Le Huec JC, Aunoble S, Philippe L, et al. Pelvic parameters: origin and

significance. Eur Spine J. 2011;20(Suppl 5):564-571.

24. Roussouly P, Nnadi C. Sagittal plane deformity: an overview of inter-

pretation and management. Eur Spine J. 2010;19(11):1824-1836.

25. Hanson DS, Bridwell KH, Rhee JM, et al. Correlation of pelvic inci-

dence with low- and high-grade isthmic spondylolisthesis. Spine.

2002;27(18):2026-2029.

26. Nunes VRH, Jacob C, Cardoso IM, et al. Spinopelvic balance evalua-

tion of patients with degenerative spondylolisthesis L4L5 and L4L5

herniated disc who underwent surgery. Revista Brasileira de Ortopedia.

2016;51(6):662-666.

27. Golbakhsh M-R, Hamidi MA, Hassanmirzaei B. Pelvic incidence and

lumbar spine instability correlations in patients with chronic low Back

pain. Asian J Sports Med. 2012;3(4):291-296.

28. Labelle H, Mac-Thiong J-M, Roussouly P. Spino-pelvic sagittal balance

of spondylolisthesis: a review and classification. Eur Spine J. 2011;20

(Suppl 5):641-646.

29. Elmasry S, Asfour S, de Rivero Vaccari JP, et al. Effects of tobacco

smoking on the degeneration of the intervertebral disc: a finite ele-

ment study. PLoS ONE. 2015;10(8):e0136137.

30. Dario AB, Ferreira ML, Refshauge KM, et al. The relationship between

obesity, low back pain, and lumbar disc degeneration when genetics

and the environment are considered: a systematic review of twin

studies. Spine J. 2015;15(5):1106-1117.

ZEHRA ET AL. 9 of 10

https://orcid.org/0000-0002-3051-4200
https://orcid.org/0000-0002-3051-4200


31. Paesold G, Nerlich AG, Boos N. Biological treatment strategies for disc

degeneration: potentials and shortcomings. Eur Spine J. 2007;16(4):

447-468.

32. Li Y, Samartzis D, Campbell DD, et al. Two subtypes of intervertebral

disc degeneration distinguished by large-scale population-based

study. Spine J. 2016;16(9):1079-1089.

33. Boissière L, Bourghli A, Vital JM, et al. The lumbar lordosis index: a

new ratio to detect spinal malalignment with a therapeutic impact for

sagittal balance correction decisions in adult scoliosis surgery. Eur

Spine J. 2013;22(6):1339-1345.

34. Vavken P, Ganal-Antonio AKB, Shen FH, et al. Fundamentals of clini-

cal outcomes assessment for spinal disorders: study designs, method-

ologies, and analyses. Global Spine J. 2015;5:156-164.

35. Pfirrmann CWA, Metzdorf A, Zanetti M, et al. Magnetic resonance

classification of lumbar intervertebral disc degeneration. Spine. 2001;

26(17):1873-1878.

36. Teraguchi M, Yoshimura N, Hashizume H, et al. Prevalence and distri-

bution of intervertebral disc degeneration over the entire spine in a

population-based cohort: the Wakayama spine study. Osteoarthr

Cartil. 2014;22(1):104-110.

37. Maatta JH, Karppinen JI, Luk KD, et al. Phenotype profiling of Modic

changes of the lumbar spine and its association with other MRI phe-

notypes: a large-scale population-based study. Spine J. 2015;15(9):

1933-1942.

38. Menezes-Reis R, Bonugli GP, Dalto VF, et al. Association between

lumbar spine sagittal alignment and L4-L5 disc degeneration among

asymptomatic young adults. Spine. 2016;41(18):E1081-E1087.

39. Rajnics P, Templier A, Skalli W, et al. The importance of spinopelvic

parameters in patients with lumbar disc lesions. Int Orthop. 2002;26

(2):104-108.

40. Noshchenko A, Hoffecker L, Cain CMJ, et al. Spinopelvic parameters in

asymptomatic subjects without spine disease and deformity: a system-

atic review with meta-analysis. Clin Spine Surg. 2017;30(9):392-403.

41. Gelb DE, Lenke LG, Bridwell KH, et al. An analysis of sagittal spinal

alignment in 100 asymptomatic middle and older aged volunteers.

Spine. 1995;20(12):1351-1358.

42. Kobayashi T, Atsuta Y, Matsuno T, et al. A longitudinal study of con-

gruent sagittal spinal alignment in an adult cohort. Spine. 2004;29(6):

671-676.

43. Vitria J, Sanches JM, Hernández M. Pattern recognition and image

analysis. Proceedings of 5th Iberian Conference, IbPRIA 2011, Las

Palmas de gran Canaria, Spain, June 8-10; 2011. Springer Berlin

Heidelberg.

44. Roberts S, Bains MA, Kwan A, et al. Type X collagen in the human

invertebral disc: an indication of repair or remodelling? Histochem J.

1998;30(2):89-95.

45. Kirsch T, von der Mark K. Remodelling of collagen types I, II and X

and calcification of human fetal cartilage. Bone Miner. 1992;18(2):

107-117.

46. Roberts S, Urban JPG, Evans H, et al. Transport properties of the

human cartilage endplate in relation to its composition and calcifica-

tion. Spine. 1996;21(4):415-420.

47. Zehra U, Robson-Brown K, Adams MA, et al. Porosity and thickness

of the vertebral endplate depend on local mechanical loading. Spine.

2015;40(15):1173-1180.

48. Dudli S, Sing DC, Hu SS, et al. Intervertebral disc/bone marrow cross-

talk with Modic changes. Eur Spine J. 2017;26(5):1362-1373.

49. Gruss LT, Schmitt D. The evolution of the human pelvis: changing

adaptations to bipedalism, obstetrics and thermoregulation. Philos

Trans Royal Soc B: Biol Sci. 2015;370(1663):20140063.

50. Been E, Gómez-Olivencia A, Shefi S, et al. Evolution of Spinopelvic

alignment in Hominins. Anat Rec. 2017;300(5):900-911.

51. Battie MC, Videman T, Gibbons LE, et al. Volvo award in clinical sci-

ences. Determinants of lumbar disc degeneration. A study relating

lifetime exposures and magnetic resonance imaging findings in identi-

cal twins. Spine. 1995;20(24):2601-2612.

52. Cohen L, Kobayashi S, Simic M, et al. Non-radiographic methods of

measuring global sagittal balance: a systematic review. Scoliosis Spinal

Disord. 2017;12:30.

53. Bae J, Lee SH, Shin SH, et al. Radiological analysis of upper lumbar

disc herniation and spinopelvic sagittal alignment. Eur Spine J. 2016;

25(5):1382-1388.

54. Yang X, Kong Q, Song Y, et al. The characteristics of spinopelvic sagit-

tal alignment in patients with lumbar disc degenerative diseases. Eur

Spine J. 2014;23(3):569-575.

How to cite this article: Zehra U, Cheung JPY, Bow C, et al.

Spinopelvic alignment predicts disc calcification, displacement,

and Modic changes: Evidence of an evolutionary etiology for

clinically-relevant spinal phenotypes. JOR Spine. 2020;3:

e1083. https://doi.org/10.1002/jsp2.1083

10 of 10 ZEHRA ET AL.

https://doi.org/10.1002/jsp2.1083

	Spinopelvic alignment predicts disc calcification, displacement, and Modic changes: Evidence of an evolutionary etiology fo...
	1  INTRODUCTION
	2  METHODS
	2.1  Study population
	2.2  Radiographic measurements
	2.3  MRI Assessment
	2.4  Statistical analyses

	3  RESULTS
	4  DISCUSSION
	4.1  Evolutionary etiology pathway of spinal phenotypes
	4.2  Strengths and limitations
	4.3  Clinical impact

	5  CONCLUSIONS
	ACKNOWLEDGMENTS
	  CONFLICT OF INTEREST
	  AUTHOR CONTRIBUTIONS
	REFERENCES


