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Abstract

Purpose Discography can increase disc degeneration, but the influence of different discography variables on the degenera-
tion of discs has not been reported. The aim of this study was to investigate the effects of discography variables of needle
diameter, type of contrast agent and volume of contrast agent on disc degeneration.

Methods Three separate experiments examined needle diameter, and type and volume of contrast agent. Coccygeal discs
(Co7-10) adult male rats were used. X-rays were used to detect the disc height degeneration index at 1, 2 and 4 weeks after
the procedure. MRI was used to study the changes in the disc structure and the signal intensity of IVD 2 and 4 weeks after
the procedure. Disc water content and histology were measured at 4 weeks after the procedure.

Results A 21-g needle significantly increased disc degeneration when compared with the 30-g needle as detected by X-ray, MRI,
disc water content and histology (P < 0.05). Two microlitres of iodine significantly decreased the disc MRI signal and water con-
tent at 4 weeks compared with the same volume of normal saline (P <0.05). Three microlitres of iodine significantly increased disc
degeneration when compared with 2 ul iodine, as detected by X-ray, MRI, disc water content and histology at 4 weeks (P <0.05).
Conclusion To reduce disc degeneration after discography, it may be best to choose a smaller needle size, minimize the use
of contrast agent and use non-ionic contrast agents with osmotic pressure similar to the intervertebral disc.
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Introduction
Xiaodong Huang, Weiheng Wang and Qingxi Meng contributed
equally to this work. Discography was first introduced by Lindbloom in 1948,
nd th r rance of disc sh nd evok in
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article (https://doi.org/10.1007/500586-019-05927-0) contains are important for definite diagnosis. Surgical localization
supplementary material, which is available to authorized users. makes discography an invasive diagnostic technique with

irreplaceable advantages: typical pain reproduction, fine
Extended author information available on the last page of the article
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and intuitive display of intervertebral disc (IVD) injury
for diagnosing low back pain [1]. At present, there is no
accurate quantitative standard for the injection metering of
discography, and there has been a great deal of controversy
since the beginning of the invention [2]. More and more
attention has been paid to the occurrence and acceleration
of IVD degeneration caused by discography. Over 10 years
of clinical studies have shown that discography causes accel-
erated progression of degeneration changes in the lumbar
disc [3, 4]. A recent in vivo study showed that discography
and disc block could lead to cell toxicity and apoptosis [5].
In vitro cell experiments have shown that local anaesthetics
and non-ionic contrast are cytotoxic to annulus fibrosis cells
and nucleus pulposus cells [6].

The factors affecting IVD degeneration by discography
can be divided into two aspects: puncture needle-related
factors and contrast agent-related factors. Studies have
shown that disc puncture can cause IVD degeneration
[7-11]. The IVD degeneration caused by disc puncture has
been widely used in animal models, because it is simple,
rapid and reproducible [12-14]. However, there is contro-
versy about the IVD degeneration caused by the diameter
of the puncture needle. Some people think that small-diam-
eter needles do not cause degeneration of the intervertebral
disc, and some studies suggest that even small needles will
accelerate the degeneration of the intervertebral disc. A
system review has shown that the needle height between
25% and 40% results was variable and no significant effects
were observed [7]. Studies have also shown that significant
intervertebral image changes by MRI were observed when
the IVD degeneration models are produced using 30-g nee-
dles (less than 25% intervertebral height) [15]. So, a single
systematic in vivo study is needed to address the effect
of the diameter of the needle on the degeneration of the
intervertebral disc. Delamination injury as induced from
puncture and injection of saline was also shown to result
in degeneration and biomechanical changes, and warrants
additional investigation since injection with saline (in addi-
tion to contrast agent) can cause greater damage than punc-
ture alone [16]. Contrast agents are another important fac-
tor that affects the IVD degeneration. The effect of contrast
on IVD degeneration is divided into two aspects: the type
and dose of contrast agent. Iodine is the second generation
of non-ionic imaging agents and widely used in clinics
[17]. However, cell experiments have shown that iodine is
cytotoxic to annulus fibrosis cells, nucleus pulposus and
end plate chondrocytes [5, 6, 18]. The effect of contrast
agent type and dose on the degeneration of IVD in vivo
has not been reported.

The aim of this study was to investigate the effect of punc-
ture needle diameter and contrast agent type and volume on
IVD degeneration after discography in rats and provide a

theoretical and experimental basis for assessing the value
and risk of clinical discography.

Methods and materials
Experimental animals

Three-month-old Sprague—Dawley (SD) rats (male, skeletal
maturity at this age) [19] were purchased from the experi-
mental Animal Center of Shanghai Second Military Medical
University. Rats were housed at temperature of 25+ 1 °C
with a 12-h light-dark cycle and free access to food and
water. All animal operations were approved by the animal
ethics committee of the Second Military Medical University.

Experimental design and the establishment of rat
models

Rats were anesthetized by 1.5% isoflurane. Coccygeal discs
(Co7-10) of tails were used, with Co 7/8 disc remaining
intact. The experiment design is shown in Fig. 1. A total of
30 rats were randomly divided into three equal experiments.
Experiment 1 (n=10 rats) was used to assess the effect of
needle diameter. A 30 gauge (g) needle was used to inject
2 WINS into Co 8/9. A 21-g needle was used to inject 2 ul NS
into Co 9/10. Experiment 2 (n=10 rats) was used to assess
the effect of the type of contrast agent. A 30-g needle was
used to inject 2 ul NS into Co 8/9. A 30-g needle was used to
inject 2 ul iodine (General Electric Pharmaceutical, Shang-
hai, 300 mg I/ml, 780 mOsm/kg) into Co 9/10. Experiment
3 (n=10 rats) was used to assess the effect of the volume of
contrast agent. A 30-g needle was used to inject 2 pl iodine
into Co 8/9, and a 30-g needle was used to inject 3 ul iodine
into Co 9/10. These procedures were carried out under X-ray
guidance, and the location of the needle was in the centre
of the disc according to the technique described previously
(Supplementary Fig. 1) [20]. NS or iodine was injected by
using an insulin micro-injector (Hamilton, Switzerland) over
at least 5 min to prevent liquid leakage.

X-ray

One, 2 and 4 weeks after the procedure, the rats were anes-
thetized to keep the caudal muscle relaxed. The rat tail disc
was scanned by X-ray. The disc height index (DHI) meas-
urement was carried out according to Lin (Supplementary
Fig. 1) [21]. All images were measured by two independent
observers who were blinded to the specimens. The changes
in DHI were analysed by Sante DICOM Viewer FREE image
software (n=10).
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MRI

MRI was used to study the changes in the disc structure and
the signal intensity of IVD 2 and 4 weeks after the proce-
dure. In half of the rats (n =5/experiment), the rat tail discs
were scanned using a small animal MRI scanner of 3.0 T
(Philips®, Achieva, The Netherlands) as described in a pre-
vious article [20]. The signal strength of the T2-weighted
image was used to assess the IVD degeneration. IVD were
analysed using Image] software. In order to evaluate the
entire disc, five sequential sagittal images of IVD were
obtained, and the mean pixel intensity value was quantified
[22]. This was measured by two independent observers who
were blinded to the specimens’ treatment (n =35 rats).

The disc water content

Four weeks after the procedure, all rats were euthanized by
CO,. In half of the rats (n=>5/experiment), Co7-10 discs were
separated from the surrounding soft tissue using a scalpel. Disc
wet weight was recorded using an electronic scale with an
accuracy of 0.01 mg. Then, the samples were dehydrated at
65 °C for 48 h, and disc dry weight was recorded using the
same scale. Wet and dry weights were measured three times,
and the mean disc water percentage was calculated (n=>5 rats).

Histological analysis

Four weeks after procedure, Co7-10 discs were harvested
for histological analysis in the remaining five rats per experi-
ment. These discs were fixed in formalin for at least 48 h, and
decalcified in the ETDA solution for 48 h. After decalcifi-
cation, the intervertebral disc was sliced by transverse, that
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is, parallel to the bilateral laminar cartilage. These sections
(5 pm) were stained with haematoxylin and eosin (HE, n=35).
The histological scale of HE was used to determine the cel-
lular and morphological changes in both annulus fibrosus (AF)
and nucleus pulposus (NP) cells according to the previously
published paper (Supplementary Table 1) [13].

Statistical Analysis

Data analysis was performed with SPSS 21 software (SPSS
Inc., Chicago, USA). All data are presented as mean+ SD.
Data were analysed by a one-way ANOVA followed by Stu-
dent—-Newman—Keuls analyses. P <0.05 was considered sta-
tistically significant.

Results

The effect of needle diameter on disc degeneration
in discography

The 21-g needle significantly increased disc degenera-
tion when compared with the 30 g. Radiography imag-
ing showed that there was no significant difference of
DHI between the Co7/8 (intact) and Co8/9 (30 g). DHI
ratio decreased significantly in the Co9/10 (21 g) com-
pared with the Co7/8 (intact) and the Co8/9 (30 g) at 2
and 4 weeks after the procedure (Fig. 2 experiment 1,
n=10 rats, P <0.05). The signal intensity of MRI ratio
decreased significantly in both the Co8/9 (30 g) and the
Co09/10 (21 g) compared with the Co7/8 (intact) discs at
2 and 4 weeks after the procedure. The ratio in the Co8/9
(30 g) was much higher than that in the Co9/10 (21 g) at 2
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and 4 weeks (Fig. 3 experiment 1, n=>5 rats, P <0.05). The
signal intensities of MRI ratio in both the Co8/9 (30 g)
and the C09/10 (21 g) at 2 weeks were much higher than
that at 4 weeks (Fig. 3, experiment 1, n=35 rats, P <0.05).
No significant differences of water content were observed
between the Co7/8 (intact) and the Co8/9 (30 g) discs at
4 weeks. The C09/10 (21 g) had a significantly lower disc
water content than the Co8/9 (30 g) at 4 weeks (Fig. 4,
experiment 1, n=>5 rats, P> 0.05). HE staining showed
morphological changes in the NP and the AF regions.
According to histological scoring, there were no signifi-
cant changes between the Co7/8 (intact) and the Co8/9
(30 g) discs at 4 weeks. The scoring of the Co9/10 (21 g)
discs was graded as 3-5, which was much higher than that
in the Co7/8 (intact) and the Co8/9 (30 g) which were
graded as 0-2 (Fig. 5, experiment 1,n =35 rats, P <0.05).
These results demonstrate that IVD degenerative changes
were needle diameter-dependent and increased as the nee-
dle diameter increased in discography.

The effect of contrast agent type on disc
degeneration in discography

According to the X-ray and histology measurements, there
was no significant difference in DHI (Fig. 2, experiment 2,
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n=10 rats) and histological scoring (Fig. 5 experiment 2,
n=>5 rats) among the Co7/8 (intact), the Co8/9 (NS) and the
C09/10 (iodine) discs (P> 0.05). The signal intensity of MRI
ratio decreased significantly in both the Co8/9 (NS) and the
C09/10 (iodine) discs compared with the Co7/8 (intact) disc at
2 and 4 weeks after the procedure. The Co9/10 (iodine) signal
intensity of MRI ratio was much lower than the Co8/9 (NS) at
2 and 4 weeks (Fig. 3 experiment 2, n=>5 rats, P <0.05). The
signal intensity of MRI ratio showed that the effect of time
after injury at each individual contrast agent type was statisti-
cally significant (Fig. 3, experiment 2, n=>5 rats, P <0.05).
No significant differences of water content between the Co7/8
(intact) and the Co8/9 (NS) discs were observed at 4 weeks.
The C09/10 (iodine) disc had a significantly lower disc water
content than the Co7/8 (intact) and the Co8/9 (NS) discs at
4 weeks (Fig. 4 experiment 2, n=>5 rats, P <0.05).

The effect of contrast agent volume on disc
degeneration in discography

A higher contrast agent volume can significantly increase
the disc degeneration as detected by X-ray, MRI, disc water
content and histology also shown in experiment 3. Radi-
ography imaging showed that there was no significant dif-
ference in DHI between the Co7/8 (intact) and the Co8/9
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Fig.2 Top: typical radiographs (top) and DHI ratio change (bot-
tom) of the tail discs of the three experiments at 1, 2 and 4 weeks
after the procedures. The disc heights of discs that were operated on
according to the experimental design shown in supplemental Fig. 1
were decreased at weeks 2 and 4. The disc height index (DHI) of the

21-g and 3.0 pl discs differed significantly from that of the intact and
(30-g, 2 pl) discs at 2 weeks and 4. Data presented as mean+ SD.
*#*P<0.05 versus Co7/8 (intact); #P <0.05 versus Co8/9 (n=10 rats/
experiment)
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Fig.3 Typical MRI and signal intensity of MRI ratio change in the
tail discs of the three experiments at 1, 2 and 4 week after proce-
dures. The disc MRI signal intensity of experiments that were oper-
ated according to the indicated experimental design was decreased at
weeks 2 and 4. The signal intensity of MRI ratio of the 21-g, iodine
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Fig.4 The water content change in the tail discs of the three experi-
ments at 4 weeks after indicated procedures. The water content of the
21-g, iodine and 3.0 pl discs differed significantly from that of the
intact and 30-g, NS and 2 pl discs, respectively. Also, the water con-

(2 nl) discs. DHI decreased significantly in the Co9/10 (3 pl)
disc at 2 and 4 weeks after the procedure (Fig. 2, experi-
ment 3, n=10 rats, P <0.05). The signal intensity of MRI
ratio decreased significantly in both the Co8/9 (2 ul) and the
Co09/10 (3 ul) discs at 2 and 4 weeks post-procedure. The
ratio in the Co8/9 (2 ul) disc was much higher than that in
the Co9/10 (3 ul) disc at 2 and 4 weeks (Fig. 3, experiment
3, n=>5rats, P <0.05). The effect of time after injury on the
signal intensity of MRI ratio for each individual contrast
agent volume was statistically significant (Fig. 4, experiment
3, P<0.05). The Co9/10 (3 pl) disc had a significantly lower
disc water content than the Co8/9 (2 pl) at 4 weeks (Fig. 4,
experiment 3, P <0.05). There was no significant change
in histology scoring between the Co7/8 (intact) and Co8/9
(2 ul) discs at 4 weeks. The scoring of the Co9/10 (3 ul) disc
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and 3.0 pl discs differed significantly from that of the intact and 30-g,
NS and 2 pl discs, respectively, at weeks 2 and 4. Data presented as
mean+SD. *P<0.05 versus Co7/8; *P<0.05 versus Co8/9 (n=5
rats/experiment)
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tent of 2.0 pl discs differed significantly from that of the intact discs.
Data presented as mean+SD. *P <0.05 versus Co7/8; #P<0.05 ver-
sus Co8/9 (n=>5 rats/experiment)

was much higher than that in the Co7/8 (intact) and Co8/9
(2 ul) discs (Fig. 5, experiment 3, P <0.05). These results
demonstrated that if the volume of contrast agent exceeded
a threshold, it rapidly exhibited degenerative changes. The
degenerative changes were dose-dependent and increased as
the dose increased.

Discussion

In this study, the effect of puncture needle size, type of con-
trast agent, capacity of contrast agent on disc degeneration
in discography was studied in a rat model, which provided
a theoretical and experimental basis for assessing the value
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Fig.5 Typical HE staining and histologic scores of the tail discs
of the three experiments at 4 weeks after the procedures. a Internal
intact disc, b internal disc injected with 2 ul NS by 21-g needle, ¢
internal disc injected with 2 ul NS by 30-g needle, d internal disc
injected with 2 ul iodine by 30-g needle, e internal disc injected with

3 ul iodine by 30-g needle, f-h histologic score changes. The histo-
logic scores of the 21-g and 3.0 pl discs differed significantly from
that of the intact and 30-g and 2 pl discs, respectively. Data presented
as mean+ SD. *P<0.05 versus Co7/8, ¥P <0.05 versus Co8/9 (n=5
rats/experiment)
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and risk of clinical discography. In the first experiment, we
found a significant difference in the degree of disc degenera-
tion in the 21-g discs from that of the intact and 30-g discs at
weeks 2 and 4. This change was similar to those described in
previous disc degeneration studies [7], but this study focused
on the simulation of discography, so the same measurement
of physiology was performed in different diameter needle
groups. The injection of saline, therefore, has different fac-
tors affecting the intervertebral disc, increasing the influenc-
ing factors of intradiscal injection. In addition, the differ-
ences in laboratory animals, modelling methods, detection
indexes and follow-up time were all different. In the second
experiment, we found a significant difference in the degree
of disc degeneration in the 2 pl iodine discs compared to
the intact and 2 pl NS discs at weeks 2 and 4. In the third
experiment, we found a significant difference in the degree
of disc degeneration in the 3 pl iodine discs from that of
the intact and 2 pl iodine discs at weeks 2 and 4. This con-
clusion is consistent with previous studies [23]. The differ-
ence between studies 3 and the previous literature is that
this study focused on simulating the discography process, so
iohexol injections were performed in different dose groups
instead of the injection of normal saline.

Normally, we should first calculate the volume of the
human intervertebral disc and then follow the volume for
further injection. However, in clinical practice, we continue
to inject until the patient has pain or the disc has been unable
to continue the injection. The volume of the injection is gen-
erally from 0.5 to 1 ml. The mean disc height and nucleus
area of an adult rat caudal disc are 0.94 mm and 3.30 mm?,
respectively [24]. Therefore, the total nucleus volume of an
adult rat caudal disc is 3.10 mm?®. Studies have shown that
in SD rats, each IVD injection of less than 2 pl did not cause
significant IVD degeneration [23]. Consequently, the adult
rats in our study were injected with volumes of normal saline
(NS) of 2 and 3 pl. Since the rat could not describe its pain,
we used the calculated volume for the injection.

Iodine (trade name Omnipaque) is the second genera-
tion of non-ionic contrast commonly used in clinical dis-
cography. Studies have shown that contrast agents have a
certain incidence of adverse reactions, including seepage,
allergic reactions, alcohol nephropathy and neurotoxicity
[25]. Yano reported that Cyclic AMP reverses radiocontrast
media-induced apoptosis in LLC-PK1 cells by activating A
kinase/-PI3 kinase [26]. In vitro cell studies have shown the
toxic effects of iodide on renal proximal tumour cells and
endothelial cells [27]. The cytotoxicity of different types of
non-ionic contrast agents is different, which may be related
to osmolality and viscosity of different contrast agents [28].
When more iodine was injected, there was more severe
IVD degeneration, which was the same as the previously
reported results of injection volume on disc degeneration
in a rat tail model [23]. The IVD is the largest avascular
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tissue of the human body, and there is a special hypertonic
environment from 430 to 496 mOsm in the IVD, meaning
that the injected iodine can remain in the IVD for a longer
period of time. The degree of IVD degeneration is related
to the hydrostatic pressure of the IVD. The iodine osmotic
pressure is 780 mOsm/kg and much higher than the osmotic
pressure of the disc, which leads to liquid extravasation in
the nucleus pulposus, annulus fibrosus cells and cells dam-
age [6, 28]. In vivo and in vitro studies have clearly dem-
onstrated that hydrostatic pressure affects the turnover of
the matrix and the activity and gene expression of the cell
metabolizing protein [23, 29, 30]. Our study found that when
a greater volume of iodine was injected into a closed IVD,
there was a more severe degeneration. One possible reason is
that the greater the volume of iodine injection, the higher the
hydrostatic pressure, and the more the necrosis of interverte-
bral disc cells, which ultimately leads to more serious IVD
degeneration [31, 32].

This study suggests certain guidelines for the clinical
application of discography. First, discography should be
done with a smaller-diameter needle. Our experimental
results showed that the 30-g needle did not cause sig-
nificant degeneration of the disc. Although Elliott et al.
[7] reviewed that the effect of puncture on the IVD was
variable and insignificant when the diameter of the needle
was less than 40% of the IVD height, this analysis was
limited by ex vivo tissue and only biomechanical testing.
The idea that larger diameter of the puncture needle can
significantly cause disc degeneration was controversial,
because it is unknown what size needle begins to cause
the degeneration [3, 15]. The smaller the diameter of the
puncture needle, the more difficult it was to puncture the
disc, and needle breakage and an assortment of other risks
increased. Therefore, we should choose the smaller-diam-
eter puncture needle as far as possible without affecting
the difficulty of discography and increasing the associated
risks. Second, discography should try to use the minimum
dose of contrast agent, which may cause pain, and use NS
instead if necessary.

There were also some shortcomings in this study. First,
this study investigated the effect of discography on the
IVD only from the two aspects of the needle size and con-
trast dose. There are other factors that can cause the degen-
eration of discs, such as disc size (fibre ring thickness),
operator proficiency, the nutritional status of experimental
animals and other unknown factors. Secondly, the target
of this experiment was a normal IVD, but the effect of
discography on degenerated IVD was not studied. Using
normal discs could avoid systematic errors due to varia-
tions in the baseline induced IVD degeneration. Thirdly,
the study did not randomize the treatment levels. If each
procedure of one group was performed at the same level
and compared to another group with individuals from
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another level, the results and conclusions obtained will
be more persuasive. Fourth, rats were used as the sub-
jects in this experiment. However, because of the differ-
ences between the IVD nucleus pulposus cell morphology,
physiological function and the osmotic pressure of the disc
between human beings and rats, the iodine osmotic pres-
sure-induced disc degeneration may be different. Further
research on human IVD is needed.

Conclusion

The results of our study indicated that risks and benefits
of the discography itself should be taken into considera-
tion. Discography should try to choose a small needle size,
minimize the use of contrast agents and try to use non-
ionic contrast agents with osmotic pressure similar to the
intervertebral disc to reduce the impact on the interverte-
bral disc. The discography variables on rats IVD degenera-
tion and validation in human IVD require further study.
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