Int J Clin Exp Med 2017;10(4):6828-6836
www.ijcem.com /ISSN:1940-5901/IJCEM0044604

Original Article
Lumbar intervertebral disc space height in disc
herniation and degeneration patients aged 20 to 25
Kapsoo Lee, Joon-Shik Shin, Jinho Lee, Yoon Jae Lee, Me-Riong Kim, Ikhyun Seong, Jaeyun Jun, Ki Byung
Park, In-Hyuk Ha
Jaseng Spine and Joint Research Institute, Jaseng Medical Foundation, Seoul, Republic of Korea
Received July 28, 2016; Accepted February 21, 2017; Epub April 15, 2017; Published April 30, 2017
Abstract: As low back pain (LBP) imposes a heavy socioeconomic burden, early detection of pathologic intervertebral disc change in young adults holds clinical relevance. This study assesses the feasibility of using X-ray measurements as a predictive measure of lumbar disc herniation (LDH) and degeneration in young LBP patients. The study
was retrospectively conducted in patients aged 20-25 years with L-spine X-ray and MRI results at a spine specializing hospital in Korea. A total 389 cases were analyzed with 198 patients with LDH at L4/5 randomly selected
as the experimental group from the electronic medical record (EMR) database, and 191 patients without LDH at
L4/5 likewise randomly extracted as the control group. The intervertebral disc space height of L4/5, L5/S1, and
the anteroposterior (AP) diameter and anterior height of the L4, L5 vertebral bodies were measured on X-ray, and
disc degeneration and LDH on MRI, and various combinations were further investigated to set a cut-off score using receiver operating characteristic (ROC) curves. The distance between the inferior and superior midpoints of the
vertebral bodies surrounding the L4/5 intervertebral disc space (b) divided by the AP diameter of the inferior border
of the L4 vertebral body (d) displayed the largest effect size in detecting LDH and disc degeneration at L4/5 (effect
size =0.52, and 0.64, respectively). The b/d value at L4/5 of 0.346-0.349 showed high sensitivity and specificity of
≥0.6 for LDH and disc degeneration diagnosis at L4/5. These results suggest that vertebral body and intervertebral
disc space measurements can be used for screening of structural lumbar disc pathologies in young adults with LBP.
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Introduction
Low back pain (LBP) is highly prevalent in adult
populations, and the number of studies on the
diagnosis, classification, and treatment of LBP
is rapidly growing. LBP has been reported to
incur pain, sick leaves, considerable social and
economic expense [1], and disability in young
adults.
Lumbar disc herniation (LDH) is a major cause
of LBP [2], and although most cases of acute
LBP recover within weeks, 2-50% of patients
are at risk of developing chronic pain and disability [3, 4], and these patients account for
more than 90% of social costs for back incapacity [5].
LBP in childhood and adolescence is a significant risk factor for LBP as an adult [6-9]. Boos
et al. showed that decreased end plate blood

supply resulted in degenerative disc changes
in children and adolescents which would later
lead to more change [10]. Also, although single
level involvement is common in LDH in younger populations, multilevel involvement increased with time as demonstrated in long-term
follow-ups [11, 12]. Given this background,
more efforts should be put toward early detection and treatment of disc pathologies in
young populations.
The main objective of this study was to assess
the feasibility of using X-rays which are relatively inexpensive and accessible as an initial evaluation method for LDH in LBP patients by measuring disc space and surrounding structures.
The authors considered using disc height/vertebral body width ratio as a method that may
minimize the confounding effect of other attributes (e.g. height, weight, ethnicity), accordingly electing for single level measurements to pre-
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Figure 1. Flow diagram of the study.

clude potential difficulties from neighboring level abnormalities or pathologies, and choosing
a young age group (20-25 yrs) as the target
population to the aim of minimizing underdiagnosis of disc pathologies as nonspecific LBP.
Material and methods
Participants
The retrospective study was conducted on patients visiting Jaseng Hospital of Korean medicine, a spine specializing Korean medicine
hospital designated as such by the Korean
Ministry of Health and Welfare, from January,
2010 to October, 2014. A total of 665 patients
aged 20-25 years with L-spine X-ray and Lspine MRIs taken within a week of the other
test (i.e. time difference between L-spine X-ray
and L-spine MRI≤7 days) at this hospital were
included as the population pool. Of these patients, 205 patients with radiology specialist
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L-spine MRI readings of intervertebral disc protrusion, extrusion, or migration at L4/5 were
randomly selected as the experimental group,
and 205 patients with normal or bulging disc
readings at L4/5 randomly extracted as the
control group from diagnostic images stored in
the electronic medical record (EMR) database.
Participants were limited to native Koreans.
Scoliosis patients with a Cobb’s angle of ≥20°,
significant vertebral deformity of any etiology (e.g. spondylolisthesis, fracture, spondylitis,
neoplasm), or spinal surgery history which rendered disc space measurement difficult were
excluded (Figure 1).
Measurement methods
L-spine X-ray: Lateral L-spine X-rays were taken
in the standing position at 95 kVp from a distance of 1 meter with a XDM-M1 (JW Medical
Co., Seoul, Korea) model. Infinitt PACS software
Int J Clin Exp Med 2017;10(4):6828-6836
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Figure 2. Intervertebral disc space height and vertebral body length and
height as measured on lateral L-spine X-ray.

two-dimensional images, the
imaging clarity is inferior to
MR scanners which create
superposition free tomographic cross-sections. There
were several cases where the
posterior superior vertex (B)
could not be defined as a
single point from superposition in the L-spine X-ray AP/
LAT views with 2-3 projected candidates, and the researchers concurred on use of
the most posterior point of
the posterior and superior
borders through discussion
with radiology specialists.

(INFINITT Healthcare Co., Ltd., Seoul, Korea)
was used for reading and measurement of the
digitized images. The magnification tool was
used to scale the lateral L-spine X-ray image to
100%, and window level settings were set at
3,500-4,000 to ensure clear contrast of the
vertebral body margins.

The distance between two points was automatically calculated between the first reference
point where the cursor was initially positioned,
and the second reference point to where the
cursor was dragged and released. All lengths
were measured as direct lineal distances.

The anterior (a), midpoint (b), and posterior (c)
height of the intervertebral disc space of L4/5
and L5/S1, anteroposterior (AP) diameter of
the inferior (caudal) border (d), and anterior
height of the vertebral body (h) of L4 and L5
were measured. Measurement was performed
by first marking the 4 vertices (A, B, C, and D) of
the L4 and L5 vertebral bodies, the midpoint
between C and D (E), and that between A and B
(F). The inferior vertebral body margin (d) was
set as the distance between the anterior inferior (C) and posterior inferior vertex (D); the vertebral height (h) as between the anterior superior
(A) and anterior inferior vertex (C); the anterior
intervertebral disc height (a) as between the
anterior inferior (C) and anterior superior vertex
of the lower adjacent vertebra (A’); the posterior
disc height (c) as between the posterior inferior
(D) and posterior superior vertex of the lower
vertebra (B’); and the midpoint disc height (b)
as between the midpoint of the inferior margin
AP diameter (E) and that of the superior margin
AP diameter of the lower vertebra (F’) (Figure
2).

L-spine MRI: L-spine MR scans were performed using 1.5 Tesla M-1/MR/I magnetic resonance scanners (GE Medical Systems, Milwaukee, WI, USA). The T1, T2-weighted sagittal and
axial images were read by 3 radiology specialists, and LDH readings were categorized
into normal, bulging, protrusion, extrusion, and
migration. We classified cases with normal or
bulging disc at L4/5 as the control group, and
those with protruded, extruded, or migrated
disc material at L4/5 as the experimental
group. Disc protrusion is defined as localized
(<25% of disc circumference) disc displacement with the corresponding distance of the
lateral edges of the displaced portion not greater than the protruded base of the disc of origin; disc extrusion displacement with corresponding distance of the displaced disc material greater than the lateral edges of the extruded base of the disc space of origin or sequestration; and disc migration displacement with
extruded disc material shifted away from the
extrusion site [13].

The main difficulty we encountered regarding
determination of the posterior superior point
(B), and this was the initial reason why we opted
to measure the inferior vertebral body margin
(d). As simple radiographs produce projectional
6830

Classification of disc degeneration
According to the MRI disc degeneration classification method suggested by Pfirrmann et al.
[14], we classified indistinct boundaries betwInt J Clin Exp Med 2017;10(4):6828-6836
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Table 1. Characteristics of patients randomly selected based on lumbar disc herniation status at
L4/5 on MRI
Disc herniation at L4/5
No (n=198) Yes (n=191)
Age (mean ± SD) (years)

Disc degeneration at L4/5
P

No (n=220) Yes (n=169)

P

23.0±1.6

23.1±1.6

0.5726

22.9±1.6

23.1±1.6

0.2270

Female (%)

105 (51.2)

100 (48.8)

0.9748

115 (56.1)

90 (43.9)

0.9284

Male (%)

93 (50.5)

91 (49.5)

105 (57.1)

79 (42.9)

Sex

LBP
No (%)

13 (43.3)

17 (56.7)

Yes (%)

185 (51.5)

174 (48.5)

0.5010

10 (33.3)

20 (66.7)

210 (58.5)

149 (41.5)

0.0132

Radiating leg pain
No (%)

84 (59.2)

58 (40.8)

Yes (%)

114 (46.2)

133 (53.8)

No (%)

125 (54.8)

103 (45.2)

Yes (%)

73 (45.3)

88 (54.7)

Unilateral (%)

171 (51.8)

159 (48.2)

Bilateral (%)

27 (45.8)

32 (54.2)

0.0181

93 (65.5)

49 (34.5)

127 (51.4)

120 (48.6)

140 (61.4)

88 (38.6)

80 (49.7)

81 (50.3)

185 (56.1)

145 (43.9)

35 (59.3)

24 (40.7)

0.0096

Pain radiating below the knee
0.0819

0.0284

Radiating leg pain distribution
0.4743

0.7468

First LBP episode
No (%)

46 (51.7)

43 (48.3)

Yes (%)

152 (50.7)

148 (49.3)

192 (50.5)

188 (49.5)

6 (66.7)

3 (33.3)

0.9616

46 (51.7)

43 (48.3)

174 (58.0)

126 (42.0)

217 (57.1)

163 (42.9)

3 (33.3)

6 (66.7)

0.3505

Chief complaint
LBP (%)
Other pain (%)

0.5033

0.1850

Distance (mean ± SD) (mm)
Anterior height of intervertebral disc space at L4/5 (a)a

19.2±2.9

18.2±3.1

0.0011

19.1±2.8

18.3±3.3

0.0151

Midpoint height of intervertebral disc space at L4/5 (b)a

14.9±2.1

14.3±2.0

0.0048

14.8±2.0

14.3±2.1

0.0092

Posterior height of intervertebral disc space at L4/5 (c)a

10.9±2.0

10.8±2.0

0.5251

10.9±2.1

10.7±2.0

0.3962

AP diameter of inferior border of L4 vertebral body (d)a

41.4±4.0

42.5±3.8

0.0049

41.1±3.8

43.0±3.9

<.0001

Anterior height of L4 vertebral body (h)a

31.0±2.3

30.7±2.4

0.1962

31.2±2.3

30.5±2.3

0.0028

Continuous variables were calculated using t-test, and categorical variables with chi-square test or Fisher’s exact test. aAs depicted in Figure 2. MRI: magnetic resonance
imaging, LBP: Low back pain, AP: Anteroposterior.

een the nucleus pulposus and annular fibrosis
as grade 4, and disruption of the intervertebral
disc space as grade 5. Grades 4 and 5 discs
were regarded to be degenerated, and those
of grades 1, 2, and 3 to be normal.
Outcome assessor blinding and interobserver
agreement evaluation
Two Korean medicine specialists blinded to
group allocation and clinical data and unaware
of the study objectives independently assessed
the predefined X-ray distances and levels of
disc degeneration on MRI in 105 cases of the
control and experimental groups, respectively, following prior consultation with a radiology
specialist. The patient X-rays and MRIs were
assessed in random order. To assess measurement errors and interobserver agreement, 2
assessors measured the anterior (a), midpoint
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(b), and posterior (c) height of the intervertebral
disc space of L4/5 and L5/S1, the AP diameter
of the inferior border (d), anterior height of
the vertebral body (h) of L4 and L5, and the
level of disc degeneration of 20 validation samples randomly selected from the control and
experimental groups. Inter-rater reliability was
high with an intraclass correlation coefficient
of 0.998 for X-ray measurements, and a kappa coefficient for degeneration classification
on MRI of 1.00.
Statistical methods
Continuous variables are expressed as mean ±
standard deviation, and categorical variables
as frequency and percentage (%). Characteristic differences of LDH and disc degeneration
by subgroup were evaluated with t-test or
Wilcoxon-rank-sum-test and chi-square test or
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Table 2. Comparison of b/d scores (midpoint height of the intervertebral disc space/AP diameter of the inferior vertebral body) by disc
herniation status and subgroup type
N
L4/5
Disc herniation

No
Yes
Subgroup
Disc protrusion
Disc extrusion
Disc migration
Disc degeneration No
Yes
L5/S1
Disc herniation
No
Yes
Subgroup
Disc protrusion
Disc extrusion
Disc migration
Disc degeneration No
Yes

198
191
118
47
26
220
169

Mean ± SD

P

0.36±0.05 <.0001
0.34±0.04
0.34±0.04 0.1143a
0.34±0.05
0.32±0.06
0.36±0.04 <.0001
0.33±0.04

Effect size
0.52

0.64

Ethics approval and consent to participate
This study was approved
by the Institutional Review
Board of Jaseng Hospital
of Korean Medicine and
participants gave written
informed consent of medical record use for academic means.
Results

We randomly selected
and allocated 205 cases
and 205 controls to the
experimental group and
control group, respectively, from a population pool
of 665 patients based on
0.29
lumbar MRI readings. Of
these patients, we addiContinuous variables were calculated using t-test. aDifferences among the 3 lumbar
tionally excluded cases of
disc herniation subgroups were assessed with one-way analysis of variance (ANOVA)
minor spinal abnormalities
test. AP: Anteroposterior.
such as transitional vertebra (i.e. sacralization, lumFisher’s exact test, and the effect size was
barization), and cases where lumbar X-ray resocalculated for b (midpoint disc height)/d (AP
lution was too low or blurred. The final number
diameter) scores. One-way analysis of variance
of cases included for measurement was 198
(ANOVA) test was used to assess differences
in the experimental group, and 191 in the conamong the 3 LDH subgroups (protrusion, extrutrol group, resulting in a total 389 cases.
sion, migration), and Tukey’s honest significant
The experimental group consisted of LDH cadifference (HSD) test was employed for postses at L4/5, and with the exception of radiating
hoc analysis. Inter-rater reliability in continuous
leg pain, was comparable to the control group
variables was calculated with intraclass correin terms of sex, age, pain radiating below the
lation coefficient, and categorical variables
knee, first LBP episode, and chief complaint.
with kappa coefficient. Receiver operating chaThe groups differed in all X-ray measurements
racteristic (ROC) curve and area under the
except posterior disc space height (c). We did
curve (AUC) analysis were performed to assenot extract additional random samples of disc
ss the diagnostic accuracy of LDH and disc
degeneration at L4/5 or LDH or disc degenedegeneration, and we calculated an optimal
cut-off score that would yield maximum sensiration at L5/S1 from the population for additivity and specificity.
tional analyses, and instead reassessed the
389 cases sampled by LDH status at L4/5 for
All data were analyzed with SPSS software verdisc degeneration at L4/5, and LDH and disc
sion 18.0 (IBM Corporation, NY, USA) and R
degeneration at L5/S1 (Table 1).
software version 3.1.1 (R Development Core
We calculated the effect sizes by LDH and
Team, http://www.r-project.org/), and a signifidisc degeneration at L4/5 and L5/S1 for a, b,
cance level of P<0.05 was regarded to be stac, a/h, b/h, c/h, a/d, b/d, c/d, (a+c)/h, (a+c)/d,
tistically significant. Based on preliminary find(a+b+c)/h, and (a+b+c)/d respectively. While
ings from a pilot study at the L4/5 level, to
there are countless possibilities, complicated
obtain 80% power and detect a difference of
combinations with many variables increase risk
15% at alpha =0.05, 205 cases were needed
in each group, requiring a total 410 cases.
of error and would also detract from their clini-
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223
160
102
37
21
255
128

0.32±0.06 0.2090
0.32±0.06
0.32±0.06 0.0354a
0.31±0.04
0.29±0.04
0.33±0.06 0.0053
0.31±0.05

0.13
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Figure 3. Receiver operating characteristic (ROC) curve of b/d score for disc herniation and disc degeneration at
L4/5. *Calculated using the b/d score. b: distance between the 2 midpoints of the inferior and superior borders of
the vertebral bodies surrounding the L4/5 intervertebral disc space, d: AP diameter of the inferior border of the L4
vertebral body.

cal appeal. Of these values, a/d, b/d, and (a+
c)/d displayed large effect sizes of ≥0.5, and
as b/d was largest, we compared groups using
b/d.
The b/d value at L4/5 showed large effect
sizes (≥0.5) in detecting LDH and disc degeneration status at L4/5 (effect size =0.52, 0.64,
respectively). In subgroup analysis, we assessed for differences in b/d by LDH classification, and though b/d was smaller in migration,
difference was not statistically significant. Although b/d at L5/S1 could not detect LDH at
L5/S1, it was significant for disc degeneration
detection at L5/S1 (Table 2).
ROC curves were used to evaluate efficiency
of b/d at L4/5 for diagnosis of LDH and disc
degeneration status at L4/5 (Figure 3), and
AUCs were 0.645 (95% CI 0.590-0.699) and
0.689 (95% CI 0.636-0.742), respectively. The
AUC was 0.595 (95% CI 0.537-0.654) for b/d
at L5/S1 in predicting disc degeneration status at L5/S1.
Sensitivity and specificity were assessed to determine the optimal cut-off score for b/d, and
the b/d value at L4/5=0.346-0.349 showed
high sensitivity and specificity of ≥0.6 for diagnosis of LDH and disc degeneration state at
L4/5 (Supplementary Table 1).
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Discussion
The objective of this study was to investigate
the reliability of using intervertebral disc space
measurements as assessed by lumbar X-ray for
predicting LDH and disc degeneration on MRI.
Of various measurement candidates, the b/d
value at L4/5 showed the largest effect size in
detecting LDH and disc degeneration at L4/5
and L5/S1, which are the lumbar levels most
commonly associated with disc pathologies
(effect sizes for LDH at L4/5: 0.52; disc degeneration at L4/5: 0.64; and disc degeneration
at L5/S1: 0.29, respectively). A cut-off score
of 0.346-0.349 for b/d showed relatively high
sensitivity and specificity for disc pathologies
at L4/5.
The course of previous studies on disc space
narrowing can be largely divided into 2 categories-those regarding the need for diagnostic
criteria of disc space narrowing, and those on
predictive factors for LDH and disc degeneration. This study could be a long-sought solution
for both as the authors have devised a reliable
method to objectively calculate disc space narrowing which also has clinical implications. We
have suggested clear reference points for standardized measurements, and thus adjusted for
inter-individual variability as evidenced by the
high inter-rater agreement levels.
Int J Clin Exp Med 2017;10(4):6828-6836
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The total disc height is generally estimated to
be 1/4 of the vertebral column [15]. Considering this high proportion, it is reasonable to
presume that disc height is affected by height. Therefore, instead of comparing simple
disc height measurements, numerous studies
have been conducted using converted measurements based on disc height [16, 17]. The
authors adopted this concept and decided on 5
measurements; the anterior, middle, and posterior height of the intervertebral disc space,
AP diameter, and anterior height of the vertebral body. An added strength of this method is
that it does not involve relative comparisons
between neighboring disc levels, allowing independent assessment regardless of surrounding disc problems.
We would like to draw attention to the fact that
we set the age limit of the study population at
20-25 years. The authors concurred on the fact
that determining predictive factors in younger
populations should hold greater significance
considering that the main patient population
for L-spine MRIs are middle-aged or older, and
the reason for selecting the 20-25 year age
group was that younger LBP or radiculopathy
patients are less likely to be considered for
L-spine MRIs due to lower prevalence of disc
pathologies, and are thus at greater risk of
underdiagnosis. The main objective of this
study was to help establish a basic screening
criteria to determine whether L-spine MRI examination is necessitated using predictive factors based on L-spine X-ray intervertebral disc
space measurements, and there is the added
strength of this age group that the confounding effect of physiological aging to the vertebra would be minimal.
The control group consisted of patients with
normal or bulging disc at L4/5, and both the
control and experimental groups were sampled
from LBP patients visiting a Korean medicine
hospital for treatment, which may be considered to heighten clinical relevance with regard
to early detection of LBP patients at risk of
developing chronic conditions and in screening
for patients needing further examination. As
seen in Table 1, many patients with and without LDH presented with radiculopathy, suggesting that the proposed method holds various
implications for clinical decision making.
L5/S1 is distinctly different from other lumbar
levels in terms of angle. Perhaps for this rea-
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son, de Schepper et al. found the strongest
association in narrowing and osteophytes at
lumbar levels excluding L5/S1 when assessing for associations between disc space narrowing, osteophytes and spondylosis [18], and
Pye et al. also limited measurements to L1/2L4/5, obviating L5/S1 from the start in 2 studies [19, 20]. These study results seem to be
similarly affected with p values of 0.209 and
0.0024 for LDH and disc degeneration at L5/
S1, respectively. Rather, c/d showed a small
effect size =0.21 (P=0.042) for LDH at L5/S1.
Continued attempts have been made to define
and classify disc degeneration in a clinically relevant manner [21]. Likewise, continuous work
has been conducted to present a clear diagnosis and classification system for disc space
narrowing. Lane et al. were first to establish
a 4-grade disc degeneration classification system, but the system was limited by low reliability [22]. Mimura et al. introduced a 5-grade
classification system based on disc height difference, but did not incorporate specific measurement variables or consider for normal disc
height [23]. Videman et al. proposed a 4-grade
system that classified disc height compared
with the level immediately above [24], and
Wang et al. focused efforts on detection of
severe narrowing, defining ‘severe’ as a simplified ≥50% loss of normal height [25]. de
Schepper et al. conducted a large-scale population-based study on 1204 men and 1615
women aged ≥55 years to observe the influence of age and disc level in the association
between disc degeneration and LBP, and suggested a classification system based on narrowing and osteophyte state [18]. Disc space
narrowing at ≥2 levels was more strongly associated with LBP than narrowing at 1 level, and
the strength of most associations increased
after excluding L5-S1.
Subsequent studies on disc space narrowing
have proposed criteria based on single-level
measurement variables instead of interlevel
comparisons. Difference in end plate length
[26], and disc height and length measurement
[27] have also been suggested as candidates
for detecting disc pathologies. Pappou et al.
compared disc height in all lumbar levels on
MRI in LBP and LDH groups [28]. Although
intra-rater agreement was good (κ=0.7), study
limitations included unconfirmed inter-rater
agreement and low reliability.
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Simple radiographs produce projected two-dimensional images, and imaging clarity is inferior to the tomographic cross-sections of MRIs.
Still, the fact that most previous diagnostic
imaging studies assessing risk factors for disc
pathologies used MRIs could be viewed as a
limitation regarding clinical value as a patient
with MRI results would have greatly reduced
need for predictive imaging. X-rays are usually
taken before MRIs, making them a more workable and practical choice for risk assessment.
Also, while MRIs are conducted supine, X-rays
are generally taken erect, and this difference in
loading will consequently affect disc height.
The biggest limitation of this study is probably
the racial homogeneity of the study population.
As all cases were of native Korean ethnicity, the
external validity of these results is weak.
We investigated the feasibility of using plain
radiograph measurements in assessing pathological disc change and found them to be significant predictors for LDH and disc degeneration with excellent inter-rater reliability. These
results suggest X-rays may be used as a screening test for lumbar disc pathology in young
adults with LBP, and enable younger patients at
higher risk of under-diagnosis to receive appropriate medical care and prevent progression.

[3]

[4]

[5]
[6]
[7]

[8]
[9]

[10]

Acknowledgements
This work was supported by Jaseng Medical
Foundation, but did not receive a specific grant.

[11]

Disclosure of conflict of interest
None.
Address correspondence to: Dr. In-Hyuk Ha, Jaseng
Spine and Joint Research Institute, Jaseng Medical
Foundation, 858 Eonju-ro, Gangnam-gu, Seoul, Republic of Korea. Tel: +82 2 3218 2188; Fax: +82 2
3218 2244; E-mail: hanihata@gmail.com

[12]

[13]

References
[1]

[2]

Lambeek LC, Bosmans JE, Van Royen BJ, Van
Tulder MW, Van Mechelen W and Anema JR.
Effect of integrated care for sick listed patients
with chronic low back pain: economic evaluation alongside a randomised controlled trial.
BMJ 2010; 341: c6414.
Jansson KA. On lumbar spinal stenosis and
disc herniation surgery. Dissertation, depart-

6835

[14]

ment of surgical sciences, section of orthopedics. Karolinska Institute; 2005.
Henschke N, Maher CG, Refshauge KM, Herbert RD, Cumming RG, Bleasel J, York J, Das
A and McAuley JH. Prognosis in patients with
recent onset low back pain in Australian primary care: inception cohort study. BMJ 2008;
337: a171.
Schiottz-Christensen B, Nielsen GL, Hansen
VK, Schodt T, Sorensen HT and Olesen F. Longterm prognosis of acute low back pain in patients seen in general practice: a 1-year prospective follow-up study. Fam Pract 1999; 16:
223-232.
Waddell G. The back pain revolution. Edinburgh, UK: Churchill-Livingstone; 1998.
Houghton KM. Review for the generalist: evaluation of low back pain in children and adolescents. Pediatr Rheumatol Online J 2010; 8: 28.
Smith DR and Leggat PA. Back pain in the
young: a review of studies conducted among
school children and university students. Current Pediatric Reviews 2007; 3: 69-77.
Jones GT and Macfarlane GJ. Epidemiology of
low back pain in children and adolescents.
Arch Dis Child 2005; 90: 312-316.
Hestbaek L, Leboeuf-Yde C, Kyvik KO and
Manniche C. The course of low back pain
from adolescence to adulthood: eight-year follow-up of 9600 twins. Spine (Phila Pa 1976)
2006; 31: 468-472.
Boos N, Weissbach S, Rohrbach H, Weiler C,
Spratt KF and Nerlich AG. Classification of
age-related changes in lumbar intervertebral
discs: 2002 Volvo Award in basic science.
Spine (Phila Pa 1976) 2002; 27: 2631-2644.
Durham SR, Sun PP and Sutton LN. Surgically treated lumbar disc disease in the pediatric population: an outcome study. J Neurosurg 2000; 92 Suppl 1: 1-6.
Papagelopoulos PJ, Shaughnessy WJ, Ebersold
MJ, Bianco AJ Jr and Quast LM. Long-term outcome of lumbar discectomy in children and
adolescents sixteen years of age or younger. J
Bone Joint Surg Am 1998; 80: 689-698.
Fardon DF, Williams AL, Dohring EJ, Murtagh
FR, Gabriel Rothman SL and Sze GK. Lumbar
disc nomenclature: version 2.0: recommendations of the combined task forces of the
North American Spine Society, the American
Society of Spine Radiology and the American
Society of Neuroradiology. Spine J 2014; 14:
2525-2545.
Pfirrmann CW, Metzdorf A, Zanetti M, Hodler
J and Boos N. Magnetic resonance classification of lumbar intervertebral disc degeneration. Spine (Phila Pa 1976) 2001; 26: 18731878.

Int J Clin Exp Med 2017;10(4):6828-6836

20 s’ disc space height in herniation/degeneration
[15] Alomari RS, Corso JJ, Chaudhary V and Dhillon
G. Computer-aided diagnosis of lumbar disc
pathology from clinical lower spine MRI. Int J
Comput Assist Radiol Surg 2010; 5: 287-93.
[16] Hong CH, Park JS, Jung KJ and Kim WJ.
Measurement of the normal lumbar intervertebral disc space using magnetic resonance
imaging. Asian Spine J 2010; 4: 1-6.
[17] Cho BH, Kim SW, Lee SM and Shin H. The relationship between disc degeneration, disc
space narrowing and low back pain after microscopic discectomy. Korean J Spine 2006; 3:
162-5.
[18] de Schepper EI, Damen J, van Meurs JB, Ginai
AZ, Popham M, Hofman A, Koes BW and
Bierma-Zeinstra SM. The association between
lumbar disc degeneration and low back pain:
the influence of age, gender, and individual
radiographic features. Spine (Phila Pa 1976)
2010; 35: 531-536.
[19] Pye SR, Reid DM, Smith R, Adams JE, Nelson
K, Silman AJ and O’Neill TW. Radiographic features of lumbar disc degeneration and self-reported back pain. J Rheumatol 2004; 31: 753758.
[20] Pye SR, Reid DM, Adams JE, Silman AJ and
O’Neill TW. Radiographic features of lumbar
disc degeneration and bone mineral density in
men and women. Ann Rheum Dis 2006; 65:
234-238.
[21] Kettler A and Wilke HJ. Review of existing grading systems for cervical or lumbar disc and
facet joint degeneration. Eur Spine J 2006; 15:
705-718.

6836

[22] Lane NE, Nevitt MC, Genant HK and Hochberg
MC. Reliability of new indices of radiographic osteoarthritis of the hand and hip and
lumbar disc degeneration. J Rheumatol 1993;
20: 1911-1918.
[23] Mimura M, Panjabi MM, Oxland TR, Crisco JJ,
Yamamoto I and Vasavada A. Disc degeneration affects the multidirectional flexibility of the
lumbar spine. Spine (Phila Pa 1976) 1994; 19:
1371-1380.
[24] Videman T, Gibbons LE and Battie MC. Ageand pathology-specific measures of disc degeneration. Spine (Phila Pa 1976) 2008; 33:
2781-2788.
[25] Wang Y, Owoc JS, Boyd SK, Videman T and
Battie MC. Regional variations in trabecular
architecture of the lumbar vertebra: associations with age, disc degeneration and disc
space narrowing. Bone 2013; 56: 249-254.
[26] Pouriesa M, Fouladi RF and Mesbahi S. Disproportion of end plates and the lumbar intervertebral disc herniation. Spine J 2013; 13:
402-407.
[27] Alomari RS, Corso JJ, Chaudhary V and Dhillon
G. Computer-aided diagnosis of lumbar disc
pathology from clinical lower spine MRI. Int J
Comput Assist Radiol Surg 2010; 5: 287-293.
[28] Pappou IP, Cammisa FP Jr and Girardi FP. Correlation of end plate shape on MRI and disc
degeneration in surgically treated patients
with degenerative disc disease and herniated
nucleus pulposus. Spine J 2007; 7: 32-38.

Int J Clin Exp Med 2017;10(4):6828-6836

20 s’ disc space height in herniation/degeneration
Supplementary Table 1. Sensitivity and specificity of lumbar disc herniation and disc degeneration
diagnosis by b/d score (midpoint height of the intervertebral disc space/AP diameter of the inferior
vertebral body) cut-off point
Disc herniation at L4/5
Disc degeneration at L4/5
Cut-off score Sensitivity Specificity Cut-off score Sensitivity Specificity
0.327
0.414
0.753
0.327
0.467
0.777
0.329
0.429
0.747
0.329
0.479
0.768
0.332
0.445
0.717
0.332
0.497
0.741
0.335
0.471
0.712
0.335
0.527
0.736
0.338
0.492
0.682
0.33
0.550
0.709
0.340
0.524
0.662
0.340
0.580
0.686
0.343
0.545
0.646
0.343
0.604
0.673
0.346
0.586
0.621
0.346
0.65
0.650
0.349
0.602
0.601
0.349
0.663
0.627
0.351
0.639
0.586
0.351
0.704
0.614
0.354
0.670
0.556
0.354
0.728
0.577
0.357
0.691
0.530
0.357
0.746
0.550
0.360
0.723
0.500
0.360
0.775
0.518
0.362
0.749
0.480
0.362
0.793
0.491
0.365
0.759
0.470
0.365
0.805
0.482
0.368
0.791
0.434
0.368
0.834
0.445
0.371
0.801
0.419
0.371
0.840
0.427
0.373
0.812
0.374
0.373
0.840
0.377
0.379
0.843
0.348
0.379
0.864
0.345
0.382
0.848
0.328
0.382
0.870
0.327
AP: Anteroposterior.

1

Disc degeneration at L5/S1
Cut-off score Sensitivity Specificity
0.291
0.398
0.749
0.294
0.406
0.725
0.298
0.430
0.702
0.301
0.461
0.675
0.30
0.469
0.647
0.308
0.484
0.620
0.311
0.508
0.616
0.315
0.547
0.588
0.317
0.570
0.580
0.318
0.594
0.565
0.322
0.625
0.541
0.325
0.648
0.514
0.329
0.648
0.478
0.332
0.703
0.455
0.336
0.711
0.447
0.339
0.742
0.439
0.342
0.766
0.424
0.346
0.789
0.412
0.353
0.813
0.353
0.356
0.820
0.333

