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more than 10years after discography evaluation
and consideration for surgery

d2,4T 2,3t

Hanna Hebelka'?"®, Veronica Gunterberg??, Kerstin Lagerstrand®*" and Helena Brisby

Abstract

Background It is an ongoing debate whether fusion surgery is superior to non-operative treatment for non-specific
low back pain (LBP) in terms of patient outcome. Further, the evidence for how signs of intervertebral disc (IVD)
degeneration on magnetic resonance imaging (MRI) correlate with patient outcome is insufficient. Longitudinal stud-
ies of low back pain (LBP) patients are thus of interest for increased knowledge. The aim of this study was to investi-
gate long-term MRI appearance in LBP patients 11-14years after discography.

Methods In 2021, 30 LBP patients who had same-day discography and MRIin 2007-2010 were asked to undergo
MRI (Th12/L.1-L5/S1), complete visual analog scale (VAS), Oswestry Disability Index (ODI) and EuroQol-5 Dimension
(EQ5D) questionnaires. Patients who had fusion surgery before the follow-up were compared with those without such
surgery. MRIs were evaluated on Pfirrmann grade, endplate classification score (EPS), and High Intensity Zones (HIZ).
For each disk it was noted if injected at baseline or not.

Results Of 17 participants (6 male;mean age 58.5 years, range 49-72), 10 (27 disks) had undergone fusion surgery
before the follow-up. No differences in VAS, ODI, or EQ5D scores were found between patients with and without
surgery (mean 51/32/0.54 vs. 50/37/0.40, respectively; 0.77 > p < 0.65). Other than more segments with EPS >4 in the
surgery group (p < 0.05), no between-group differences were found in longitudinal change in MRI parameters. Of

75 non-fused disks, 30 were injected at baseline. Differences were found between injected and non-injected disks

at both baseline and follow-up for Pfirrmann grade and HIZ, and at follow-up for EPS (0.04 > p <0.001), but none for
progression over time (0.09>p <0.82).

Conclusions Other than more endplate changes in the surgery group, no differences in longitudinal change of MRl
parameters were established between LBP patients treated with or without fusion surgery in the studied cohort. The
study also highlights the limited progress of degenerative changes, which may be seen over a decade, despite needle
puncture and chronic LBP.
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Background

Low back pain (LBP) is a major cause of disability
worldwide [1, 2], affecting up to 80% of both men and
women during their lifetime. Treatment strategies
vary, and the role of surgery is under constant scru-
tiny [3, 4]. Whether fusion surgery is superior overall
to non-operative treatment for non-specific LBP in
terms of patient outcome remains a subject of ongoing
debate [3, 4], as does whether strengthened diagnos-
tic criteria could be used to select sub-groups of LBP
patients with greater chances of success with a specific
treatment [5-8]. Despite these uncertainties, annual
fusion surgeries have increased by up to 500% since
the early1990s [9-11]. LBP is known to be associated
with intervertebral disk (IVD) degeneration, however
the exact interplay between degenerative findings in
the spine and LBP is still unclear [12]. Furthermore,
the development of degenerative changes over time,
both for individuals and for specific spinal motion seg-
ments, is difficult to predict. Longitudinal studies of
LBP patients are of interest to increase knowledge in
this area.

Annular injury of the IVD has been demonstrated, in
both experimental animal studies and human studies,
to induce and accelerate IVD degeneration [13-16].
One way to study annular injuries caused by needle
puncture in humans is to study people whose IVDs
were punctured for a specific reason such as discogra-
phy [16]. Provocative discography, an imaging-guided
procedure in which a contrast agent is injected into the
nucleus pulposus of the IVD, to evaluate pain response
and obtain detailed IVD characteristics, was previously
believed to be a useful method for patient selection.
However studies have not confirmed its usefulness [17,
18] and it has been demonstrated to accelerate degen-
erative changes in punctured IVDs [16], why discogra-
phy is no longer used at our center. However, although
discography is now rarely used, long-term follow-up
of individuals with previous discography can pro-
vide an in vivo human model for annular injuries and
might thus provide deeper insight into the association
between annular injury and the degenerative process
[16]. This is important not only to increase knowledge
of the pathophysiology of degeneration, but also since
novel therapeutic interventions may involve disk punc-
ture, such as cell therapy with injection of platelet-rich
plasma and growth factors [5-8].

The aim of this study was to investigate long-term
magnetic resonance imaging (MRI) appearance of
the lumbar spine in a group of patients with LBP
11-14years after discography.
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Methods

Thirty LBP patients, prospectively enrolled from 2007
to 2010 in a comparative discography/MRI study (1.5T,
sagittal T2/T1-weighted) [19] were considered for par-
ticipation in this long-term follow-up. Exclusion crite-
ria for the current study was inability to undergo MRIL
The reason for discography at inclusion was history of at
least 6 months’ non-specific LBP, severe enough to con-
sider surgery. All referred patients had failed conserva-
tive therapy. None of the patients had any radiculopathy.
Pressure-controlled discography was performed using a
manual manometer (Stryker Discmonitor, Kalamazoo,
Michigan) with approximately 0.2mL injected contrast
(Omnipaque 180mg/mL, GE Healthcare, Oslo, Norway)
at each twist. Details of the discography procedure have
previously been described [19].

In 2021, those agreeing to participate underwent an
MRI of the lumbar spine and filled in validated pain,
function, and quality of life questionnaires (visual analog
scale [VAS], Oswestry Low Back Pain Disability Index
[ODI], and EuroQol-5 Dimension [EQ5D]; Fig. 1). Base-
line and follow-up MRIs were performed on the same
scanner (Siemens Magnetom Symphony Maestro Class,
Erlangen, Germany) with at minimum T1-weighted
sagittal (TR 541 ms/TE 1ms) and T2-weighted sagittal
(TR 4000 ms/TE 124ms) images (slth4mm/FoV300mm)
obtained. The MRIs were evaluated according to Pfir-
rmann classification [20], Endplate Classification Score
(EPS) [21], and HIZ [22] for six IVDs per individual at
both baseline and follow-up (Th12/L1-L5/S1). The MRI
grading was performed by a senior radiologist (> 15years’
experience with spinal MRI) blinded to whether or not
each IVD had been injected with contrast during the
discography procedure at baseline. After a month the
same radiologist, blinded to the previous evaluation,
again evaluated the MRIs to assess intra-rater agreement
measures.

To investigate long-term patient-reported outcome
(PROM) between the groups of patients with and with-
out fusion surgery, each IVD segment (Th12/L1-L5/S1)
was classified by whether or not any type of fusion sur-
gery had been performed between baseline and follow-
up. [VDs were dichotomized according to Pfirrmann >3
or < 3, with HIZ or not, and segments with EPS >4 or<4
per individual. Fused segments were allocated to the high
score Pfirrmann and EPS groups. These data were com-
pared between the group of patients who had surgery
(any number of segments) during the follow-up period
and those who had not. The flow chart is displayed in
Fig. 1.

To investigate longitudinal MRI appearance between
IVDs with and without annular puncture, segments
fused during the follow-up period were excluded from
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Fig. 1 Schematic patient flow chart

the analysis and the non-fused injected IVDs were
compared with non-injected IVDs (Fig. 1). At baseline,
discography of 2 to 4 IVDs had been performed in each
individual.

The study was approved by the National Ethical
Review Board (Dnr 366—07 and Dnr 2020-03511) and
all procedures were performed in accordance with the
1964 Helsinki declaration and its later amendments.
Informed consent was obtained from all subjects.

Statistics

Descriptive statistics were used, with n (%) for categori-
cal variables and mean (SD) for continuous variables.
For comparisons of parameters over time, the Wilcoxon
Signed Rank test was used for continuous variables and
Sign test for categorical variables. For between-group
comparisons, Mann-Whitney U-test was used for con-
tinuous variables, Fisher’s Exact test (lowest 1-sided
p-value multiplied by 2) for dichotomous variables, and
Mantel-Haenszel Chi Square test for ordered categori-
cal variables. The data were analyzed using version 9.4
of the SAS System. A p-value of <0.05 was considered
significant.

The intraclass correlation coefficients (ICC) with 95%
confidence intervals, model 2 with absolute agreement,
was used for Pfirrmann grading and EPS, and Cronbach’s
alfa coefficient for the dichotomized HIZ [23].

Results

Seventeen (6 male/mean 58.5years; range 49-72) of
thirty invited patients agreed to participate in this 11- to
14-year follow-up. Reasons for not participating were; 2
deceased, 5 unreachable, 1 with a non-MRI compatible
device, and 5 who declined participation (Fig. 1).

Between baseline and follow-up, ten patients (27 [VDs)
had undergone fusion surgery (Fig. 1). Eight patients had
undergone posterolateral instrumented fusion [1 level
(n =4), 2 levels (n =2), 3 levels (n =1), 5 levels (n=1)].
One patient initially obtained a disc prosthesis and later
a posterolateral instrumented fusion Th10-L5 was per-
formed. One patient was fused over three levels with
combined anterior and posterolateral approach.

No significant differences were found in back pain
score (VAS) at the follow-up between fusion patients
and patients not surgically treated (p =0.72), with both
groups having a mean VAS of about 50, nor were there

Table 1 Patient-reported outcome measures for the group of
patients with and without fusion surgery at follow-up

Follow-up No surgery Surgery P-value
evaluation (n=7) (n=10)

VAS 51.3(20.7) 504 (28.8) 0.72
oDl 32.0(19.7) 36.6 (22.5) 0.77
EQ5D 0.54 (0.39) 040 (0.45) 0.65
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any between-group differences in ODI or EQ5D scores
(Table 1). No significant differences for MRI parameters
at baseline or at follow-up was found, other than sig-
nificantly more HIZ IVDs at follow-up in the non-sur-
gery group (p <0.05). Comparing the groups regarding
longitudinal changes of MRI parameters, no differences
were found, other than more segments with EPS >4 in
the surgery group (p <0.05) (Table 2; Fig. 2).

Of the 75 IVDs not included in fused segments,
30 had been injected during discography at baseline
(Fig. 1). Significant differences in MRI parameters were
found between injected and non-injected IVDs at both
baseline and follow-up for distribution of Pfirrmann
grade and HIZ, and also for EPS at follow-up, with
higher degeneration grades and EPS in injected IVDs
(Table 3). However, in terms of morphological changes
over time, no significant differences were detected
between injected and non-injected IVDs (Table 3;
Fig. 3).

For Pfirrmann grading and EPS, the ICC for intra-
observer agreement was high (0.91 [95% confidence
interval (CI 0.85-0.94) and 0.91[95% CI 0.84-0.95]).
Also the agreement in assessment of HIZ was high with
Chronbach alfa 0.76.
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Discussion

In this group of patients with chronic LBP severe enough
to be considered for fusion surgery at baseline, no dif-
ferences in PROMs could be established at the 11- to
14-year follow-up between patients treated with or with-
out fusion surgery. No significant differences in progres-
sion of degenerative changes were detected between
discography-injected and non-injected IVDs after more
than 10years, although the small cohort in this study is
an inherent limitation. This long-term follow-up could
therefore not confirm previous findings that needle-
puncture of the disk (annular injury) accelerates the
degenerative progression of the IVD [16]. This reflects
the complexity of the relation between LBP and disk
degeneration, suggesting that neither long-term PROMs
nor MRI progression of degeneration can be anticipated
from the appearance at baseline MRIL.

Based on the small number of patients included, it is
of course difficult to make any firm conclusions whether
differences between patient groups, PROMs, or injected/
non-injected disks exists since one might argue that this
study is highly under-powered and there could be many
contributing factors that influence prime variables dur-
ing the ten-year follow-up. However, it is likely that some

Table 2 Magnetic resonance imaging parameters at baseline and follow-up for patients with and without fusion surgery during the

follow-up period

no surgery | surgery no surgery | surgery no surgery | surgery
n=7 n=10 n=7 n=10 n=7 n=10
per individual | mean(SD) | mean(SD) | p-value | mean(SD) | mean(SD) | p-value | mean(SD) | mean(SD) | p-value
Pfirrmann3 3.1(1.07) 3.2 (0.8) 0.96 39(1.57) | 5.1(1.1) 0.09 0.7 (1.1) 1.9 (1.5) 0.098
Endplate Score | 2 (1.3) 1.1 (0.9) 0.14 3.0(22.0) |4.10(1.37) | 029 1.0 (1.4) 3.0 (1.9) 0.037
(EPS)24
HIZ 1.9(1.2) | 2.0(0.94) 0.60 1.1 (0.9) 0.3 (0.5) 0.047 | (-)0.7 (0.9) | (-)1.7(0.9) 0.065

Fig. 2 Examples of Magnetic resonance imaging appearance in the surgery group. Example of 6 pairs of sagittal MRI at baseline (left) and 11-to
14-year follow-up (right) for some of the individuals who had undergone fusion surgery during the follow-up period
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Table 3 Magnetic resonance imaging parameters at baseline and follow-up for injected and non-injected IVDs

injr::rt: d injected in;‘eoc:; d injected Lnec;f:::e‘;; ind:aoctn; d injected
n=45 n=30 n=45 n=30 score n=45 n=30
n(%) n(%) p-value n(%) n(%) p-value n(%) n(%) p-value
Pfirrmann -1 2 (4.4%) 3 (10.0%)
2 33 (73.3%) | 6 (20.0%) 20 (44.4%) 1(3.3%) 0 26 (57.8%) | 12 (40.0%)
3 7 (15.6%) | 16 (53.3%) 11 (24.4%) | 13 (43.3%) 1 10 (22.2%) | 13 (43.3%) 0.82
4 2 (4.4%) 5 (16.7%) 0.0010 10 (22.2%) | 12 (40.0%) 0.0034 2 6 (13.3%) 2 (6.7%)
5 3(6.7%) 3 (10.0%) 4 (8.9%) 4 (13.3%) 3 1(2.2%) 0 (0.0%)
Endplate
Score (EPS)
1 23 (51.1%) | 4 (13.3%) 9 (20.0%) 0 (0.0%) -2 0 (0.0%) 1(3.3%)
2 7 (15.6%) | 10 (33.3%) 10 (22.2%) 1(3.3%) -1 4 (8.9%) 2 (6.7%)
3 3 (6.7%) 6 (20.0%) 0.061 9(20.0%) | 12 (40.0%) 0.0061 0 19 (42.2%) | 6 (20.0%)
4 7 (15.6%) | 5(16.7%) 9(20.0%) | 7 (23.3%) 1 11 (24.4%) | 11 (36.7%) 0.39
5 2 (4.4%) 3 (10.0%) 4 (8.9%) 7 (23.3%) 2 8 (17.8%) | 8(26.7%)
6 3(6.7%) 2 (6.7%) 4 (8.9%) 3 (10.0%) 3 2 (4.4%) 1(3.3%)
4 0 (0.0%) 1(3.3%)
5 1(2.2%) 0 (0.0%)
HIZ
no HIZ 39 (86.7%) | 15 (50.0%) 0.0014 42 (93.3%) | 22 (73.3%) 0.040 -1 4 (8.9%) 8 (26.7%)
HIZ 6 (13.3%) | 15(50.0%) 3 (6.7%) 8 (26.7%) 0 40 (88.9%) | 21 (70.0%) 0.087
1 1(2.2%) 1(3.3%)

Fig. 3 Examples of MRl appearance in the non-surgery group. Exam

ple of 4 pairs of sagittal MRI at baseline (left) and 11-to 14-year follow-up (right)

for some of the individuals who had not undergone fusion surgery during the follow-up period. Injected intervertebral disks are highlighted with a

circle

differences would be seen after such a long follow-up
period if clinically relevant differences do exist. The cur-
rent findings are in line with available evidence, and do
not show a convincing benefit of spine fusion over non-
operative alternatives for back pain associated with disk
degeneration [4, 10].

Because, with the exception of injected control IVDs,
discographies had been performed on IVDs suspected
to be the pain source of LBP and thus more degenerated
in general, we expected that injected IVDs would have
higher baseline Pfirrmann grades, higher EPS, and more
HIZs than non-injected. The majority of the observed
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IVDs, both injected and non-injected, showed moderate
progression of degeneration, which was also expected,
considering the long follow-up period of 11 tol4 years,
however without significant longitudinal changes
between the injected and non-injected IVDs.

Studies evaluating long-term clinical and MRI follow-
up of patients exposed to annular injury and injection are
rare [16, 24]. To our knowledge only the study by Car-
ragee et al. performed such a systematic study with con-
trols [16]. In that study, individuals who had undergone
discography and controls not exposed to discography
were followed-up after 7 to 10years. The researchers
found faster degeneration in punctured IVDs (L3/4-L5/
S1) than in corresponding non-injected IVDs at these
levels in the control cohort, but no difference between
the non-punctured IVDs (L1/2-L2/3) in the discogra-
phy group and the corresponding IVDs in the control
group. Even if these individuals were matched for age,
sex, and previous spinal symptoms, it remains possible
that between-individual factors might have influenced
those results. It is known that IVDs of the lower lumbar
spine are more prone to degeneration, which might at
least partly explain why between-group differences were
detected in the lower lumbar spine as opposed to at levels
in the upper lumbar spine, e.g.L1/L2-12/3.

Although the current study is limited by its small
sample size, with a high risk of type II error, one of its
strengths is the elimination of any between-individ-
ual bias in the progression of degeneration since both
injected and non-injected IVDs existed within each indi-
vidual. On the other hand, the current study may be lim-
ited by this method, since injected levels are most often
situated in the lower lumbar spine and non-injected
IVDs in the upper. Another important methodological
factor that likely contributed to the discrepancy in results
between the studies is differences in the cohorts studied.
The cohorts in the study by Carragee et al. had mild LBP
and were recruited from a cohort with a history of pre-
vious cervical/lumbar disk herniation, while all patients
in the current study had LBP severe enough to be con-
sidered for fusion surgery. In the study by Carragee et al.,
new herniations constituted a majority of the new events
in the discography cohort. Since a heritable predisposi-
tion for disk herniation and degenerative disk disease
has been reported [25, 26], hereditary factors making the
nucleus pulposus and/or annulus fibrosus more prone
to new herniations when injured (injected) might have
influenced the results.

Annular injuries of substantial size are unquestion-
ably associated with degeneration [15], and we do not
advocate the use of discography. However, it is interest-
ing to note the surprisingly limited progress of degen-
erative changes seen after over a decade in many of the
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individuals examined, in spite of needle punctures,
contrast injection, and symptoms of LBP (Fig. 3). In
accordance with these current results, Carragee et al
also highlighted that over 50% of injected IVDs with
Pfirrmann grade 1-2 at baseline remained stable over
a 10-year period [16]. Wai et al. also reported in their
20-year MRI follow-up after anterior lumbar fusion that
in 39 patients with normal preoperative discograms at
adjacent levels, only 14% of these non-fused (injected)
segments displayed signs of advanced degeneration [24].
They had no control cohort, but concluded that their
prevalence of degenerative findings was similar to results
in asymptomatic controls in the literature. This demon-
strates the complex interplay between annular injury and
disk degeneration and implies that this process appar-
ently is multifactorial and difficult to predict.

Limitations

As a small cohort study, this project had inherent limita-
tions, especially as a relatively large proportion of the ini-
tial cohort was not available for the long-term follow-up.
There could be many contributing factors that influence
prime variables during the ten-year follow-up, however
the small sample size did not allow multivariate analysis.
Despite this, it is interesting to see how surprisingly little
progression of degenerative changes that is seen in some
individuals, despite punctured and contrast-injected
IVDs in patients with LBP pain of degree considering
surgery. Selection bias for surgery/non-surgery in a pre-
selected cohort study may also have affected the clinical
results. Since baseline PROM data were not available,
between-group PROM differences at baseline and over
time could not be investigated. Despite these limitations,
however, the study’s strengths are that follow-up MRI as
well as clinical information was obtained for both pain
and function 11 to 14 years after disk puncture in a group
of patients with LBP severe enough to be considered for
fusion surgery.

Conclusions

No between-group differences were established in lon-
gitudinal changes of MRI parameters in LBP patients
treated or not treated with fusion surgery other than
more endplate changes in the surgery group. The study
also highlights the limited progress of individual degen-
erative changes, which may be seen after over a decade in
spite of needle puncture and chronic LBP. These findings
demonstrate the high complexity of annular injury and
disk degeneration progression and suggest that other fac-
tors may be of greater importance than limited annular
injuries in the development of disk degeneration.
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Abbreviations

EQ5D EuroQol-5 Dimension

HIZ High Intensity Zone

VD Intervertebral disc

LBP Low back pain

MRI Magnetic resonance imaging

ODI Oswestry Disability Index

PROM Patient Reported Outcome Measure
VAS Visual analog scale

Acknowledgements

This project was financed by grants from the Swedish state under the
agreement between the Swedish government and the county councils (ALF
agreements 965176, 965910, and 965449), Helfrid & Konrad Johansson's
Foundation, Felix Neubergh Foundation, and AFA Insurance Company, which
partly covered salaries for the research group. The funders had no role in the
study design, data collection and analysis, decision to publish, or preparation
of the manuscript.

Authors’ contributions

HH, HB and KL contributed to the study conception, study design and fund-
ing. Material preparation, data collection and analysis were performed by
HH, VG, HB and KL. The first draft of the manuscript was written by HH and all
authors commented on previous versions of the manuscript. All authors read
and approved the final manuscript.

Funding

Open access funding provided by University of Gothenburg. This project was
financed by grants from the Swedish state under agreement between the
Swedish government and county councils (ALF agreements 965176, 965910,
and 965449), Helfrid & Konrad Johansson's Foundation, the Felix Neubergh
Foundation, and AFA Insurance Company, which partly covered salaries for the
research group. The funders had no role in the study design, data collection
and analysis, decision to publish, or preparation of the manuscript.

Availability of data and materials
The datasets used and/or analyzed during the current study are available from
the corresponding author on reasonable request.

Declarations

Ethics approval and consent to participate

The study was approved by the National Ethical Review Board (Dnr 366-07,
Dnr 2022-03018-02 and Dnr 2020-03511) and all procedures were performed
in accordance with the 1964 Helsinki declaration and its later amend-

ments. Informed consent was obtained from all subjects and/or their legal
guardian(s).

Consent for publication
Oral and written informed consent, to participate and publish the data, was
obtained from all individual participants included in the study.

Competing interests
The authors declare no competing interests.

Author details

'Department of Radiology, Sahlgrenska University Hospital, Gothenburg,
Sweden. %Institute of Clinical Sciences, Sahlgrenska Academy, University

of Gothenburg, Gothenburg, Sweden. *Department of Orthopedics, Sahlgren-
ska University Hospital, Gothenburg, Sweden. “Department of Medical Physics
and Biomedical Engineering, Sahlgrenska University Hospital, Gothenburg,
Sweden.

Received: 28 November 2022 Accepted: 15 February 2023
Published online: 22 February 2023

Page 7 of 8

References

1. Manchikanti L, Benyamin RM, SinghV, et al. An update of the systematic
appraisal of the accuracy and utility of lumbar discography in chronic low
back pain. Pain Physician. 2013;16(2 Suppl):SE55-95.

2. Hoy D, March L, Brooks P, et al. The global burden of low back pain:
estimates from the global burden of disease 2010 study. Ann Rheum Dis.
2014;73(6):968-74. https://doi.org/10.1136/annrheumdis-2013-204428.

3. Zhao L, Manchikanti L, Kaye AD, Abd-Elsayed A. Treatment of discogenic
low back pain: current treatment strategies and future options—a litera-
ture review. Curr Pain Headache Rep. 2019;23(11):1-9. https://doi.org/10.
1007/511916-019-0821-x.

4. Harris IA, Traeger A, Stanford R, Maher CG, Buchbinder R. Lumbar spine
fusion: what is the evidence? Internal Med J. 2018;48(12):1430-4. https://
doi.org/10.1111/imj.14120.

5. Pettine KA, Suzuki RK, Sand TT, Murphy MB. Autologous bone marrow
concentrate intradiscal injection for the treatment of degenerative disc
disease with three-year follow-up. Int Orthop. 2017;41(10):2097-103.
https://doi.org/10.1007/500264-017-3560-9.

6. Akeda K, Ohishi K, Masuda K, et al. Intradiscal injection of autologous
platelet-rich plasma releasate to treat discogenic low back pain: a prelimi-
nary clinical trial. Asian Spine J. 2017;11(3):380. https://doi.org/10.4184/
asj.2017.11.3.380.

7. Muthu S, Jeyaraman M, Chellamuthu G, Jeyaraman N, Jain R, Khanna M.
Does the intradiscal injection of platelet rich plasma have any benefi-
cial role in the management of lumbar disc disease? Global Spine J.
2021;12(3):503-14. https://doi.org/10.1177/2192568221998367.

8. HiraseT, Jack li RA, Sochacki KR, Harris JD, Weiner BK. Systemic review: is
an intradiscal injection of platelet-rich plasma for lumbar disc degenera-
tion effective? Cureus. 2020;12(6):e8831. https://doi.org/10.7759/cureus.
8831.

9. HCUPnet. Agency for Healthcare Research and Quality. Available at:
http://hcupnet.ahrg.gov/HCUPnetjsp. Accessed 30 Oct 2014.

10. Deyo RA. Fusion surgery for lumbar degenerative disc disease: still more
questions than answers. Spine J. 2015;15(2):272-4. https://doi.org/10.
1016/].spinee.2014.11.004.

11. Rajaee SS, Bae HW, Kanim LE, Delamarter RB. Spinal fusion in the United
States: analysis of trends from 1998 to 2008. Spine. 2012;37(1):67-76.
https://doi.org/10.1097/BRS.0b013e31820cccfb.

12. Urban JP, Fairbank JC. Current perspectives on the role of biomechanical
loading and genetics in development of disc degeneration and low back
pain; a narrative review. J Biomech. 2020;102:109573. https://doi.org/10.
1016/ jbiomech.2019.109573.

13. Newton MD, Marek AA, Planalp M, Park DK, Baker KC, MaerzT. Longitu-
dinal characterization of intervertebral disc remodeling following acute
annular injury in a rat model of degenerative disc disease. Connect Tissue
Res. 2020,61(6):568-76. https://doi.org/10.1080/03008207.2019.1635589.

14. Hadjipavlou A, Simmons J, Pope M, Necessary J, Goel V. Pathomechanics
and clinical relevance of disc degeneration and annular tear: a point-of-
view review. Am J Orthop (Belle Mead, NJ). 1999;28(10):561-71.

15. Osti O, Vernon-Roberts B, Moore R, Fraser R. Annular tears and disc
degeneration in the lumbar spine. A post-mortem study of 135 discs.

J Bone Joint Surg Br. 1992;74(5):678-82. https://doi.org/10.1302/0301-
620X.74B5.1388173.

16. Carragee EJ, Don AS, Hurwitz EL, Cuellar JM, Carrino J, Herzog R. 2009
ISSLS prize winner: does discography cause accelerated progression of
degeneration changes in the lumbar disc: a ten-year matched cohort
study. Spine. 2009;34(21):2338-45. https://doi.org/10.1097/BRS.0b013
e3181ab5432.

17. Hebelka H, Nilsson A, Hansson T. Pressure increase in adjacent discs
during clinical discography questions the methods validity. Spine (Phila
Pa 1976). 2013,39(11):893-9. https://doi.org/10.1097/BRS.0000000000
000166.

18. Hebelka H, Nilsson A, Ekstrom L, Hansson T. In vivo discography in
degenerate porcine spines revealed pressure transfer to adjacent discs.
Spine (Phila Pa 1976). 2013;38(25):E1575-82. https://doi.org/10.1097/01.
brs.0000435141.61593.05.

19. Hebelka H, Hansson T. HIZ's relation to axial load and low back pain:
investigated with axial loaded MRI and pressure controlled discography.
Eur Spine J. 2013;22(4):734-9. https://doi.org/10.1007/500586-012-2501-y.

20. Pfirrmann CW, Metzdorf A, Zanetti M, Hodler J, Boos N. Magnetic reso-
nance classification of lumbar intervertebral disc degeneration. Spine


https://doi.org/10.1136/annrheumdis-2013-204428
https://doi.org/10.1007/s11916-019-0821-x
https://doi.org/10.1007/s11916-019-0821-x
https://doi.org/10.1111/imj.14120
https://doi.org/10.1111/imj.14120
https://doi.org/10.1007/s00264-017-3560-9
https://doi.org/10.4184/asj.2017.11.3.380
https://doi.org/10.4184/asj.2017.11.3.380
https://doi.org/10.1177/2192568221998367
https://doi.org/10.7759/cureus.8831
https://doi.org/10.7759/cureus.8831
http://hcupnet.ahrq.gov/HCUPnet.jsp
https://doi.org/10.1016/j.spinee.2014.11.004
https://doi.org/10.1016/j.spinee.2014.11.004
https://doi.org/10.1097/BRS.0b013e31820cccfb
https://doi.org/10.1016/j.jbiomech.2019.109573
https://doi.org/10.1016/j.jbiomech.2019.109573
https://doi.org/10.1080/03008207.2019.1635589
https://doi.org/10.1302/0301-620X.74B5.1388173
https://doi.org/10.1302/0301-620X.74B5.1388173
https://doi.org/10.1097/BRS.0b013e3181ab5432
https://doi.org/10.1097/BRS.0b013e3181ab5432
https://doi.org/10.1097/BRS.0000000000000166
https://doi.org/10.1097/BRS.0000000000000166
https://doi.org/10.1097/01.brs.0000435141.61593.05
https://doi.org/10.1097/01.brs.0000435141.61593.05
https://doi.org/10.1007/s00586-012-2501-y

Hebelka et al. BMC Musculoskeletal Disorders

21.

22.

23.

24.

25.

26.

(2023) 24:138

(Phila Pa 1976). 2001,26(17):1873-8. https://doi.org/10.1097/00007632-
200109010-00011.

Rajasekaran S, Babu JN, Arun R, Armstrong BRW, Shetty AP, Murugan
S.ISSLS prize winner: a study of diffusion in human lumbar discs: a

serial magnetic resonance imaging study documenting the influence

of the endplate on diffusion in normal and degenerate discs. Spine.
2004;29(23):2654-67. https://doi.org/10.1097/01.brs.0000148014.15210.
64.

Peng B, Hou S, Wu W, Zhang C, Yang Y. The pathogenesis and clinical
significance of a high-intensity zone (HIZ) of lumbar intervertebral disc
on MR imaging in the patient with discogenic low back pain. Eur Spine J.
2006;15(5):583-7. https://doi.org/10.1007/500586-005-0892-8.

Cicchetti DV. Assessing inter-rater reliability for rating scales: resolving
some basic issues. Br J Psychiatry. 1976;129(5):452-6. https://doi.org/10.
1192/bjp.129.5.452.

Wai EK, Santos ER, Morcom RA, Fraser RD. Magnetic resonance imaging
20 years after anterior lumbar interbody fusion. Spine. 2006;31(17):1952—
6. https://doi.org/10.1097/01.brs.0000228849.37321.a8.

Patel AA, Spiker WR, Daubs M, Brodke D, Cannon-Albright LA. Evidence
for an inherited predisposition to lumbar disc disease. J Bone Joint Surg
Am. 2011;93(3):225. https://doi.org/10.2106/JBJS.J.00276.

Theodore N, Ahmed AK, Fulton T, et al. Genetic predisposition to sympto-

matic lumbar disk herniation in pediatric and young adult patients. Spine.

2019;44(11):E640-9. https://doi.org/10.1097/BRS.0000000000002949.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Page 8 of 8

Ready to submit your research? Choose BMC and benefit from:

fast, convenient online submission

thorough peer review by experienced researchers in your field

rapid publication on acceptance

support for research data, including large and complex data types

gold Open Access which fosters wider collaboration and increased citations

maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions



https://doi.org/10.1097/00007632-200109010-00011
https://doi.org/10.1097/00007632-200109010-00011
https://doi.org/10.1097/01.brs.0000148014.15210.64
https://doi.org/10.1097/01.brs.0000148014.15210.64
https://doi.org/10.1007/s00586-005-0892-8
https://doi.org/10.1192/bjp.129.5.452
https://doi.org/10.1192/bjp.129.5.452
https://doi.org/10.1097/01.brs.0000228849.37321.a8
https://doi.org/10.2106/JBJS.J.00276
https://doi.org/10.1097/BRS.0000000000002949

	Clinical outcome and MRI appearance in a group of chronic low back pain patients more than 10 years after discography evaluation and consideration for surgery
	Abstract 
	Background 
	Methods 
	Results 
	Conclusions 

	Background
	Methods
	Statistics

	Results
	Discussion
	Limitations
	Conclusions
	Acknowledgements
	References


