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Disc Imaging

Introduction

In an aging society, fractures are a frequently observed cause 
of physical impairment and pain.1 Patients suffering from 
osteoporosis have a higher risk of fractures, particularly com-
pression fractures in the thoracic and lumbar spine, and these 
vertebral compression fractures account for nearly as many 
cases as hip and distal radius osteoporotic fractures com-
bined.1-3 Besides reducing quality of life, they are associated 
with an increased risk of future vertebral and nonvertebral 
fractures.4 Vertebral augmentation is a minimally invasive 
procedure that aims to reduce pain and back-related disability 
by sustaining or restoring vertebral height and stabilizing 
osteoporotic and non-osteoporotic fractures.5 Percutaneous 
kyphoplasty is one of these vertebral augmentation proce-
dures. Stabilizing the fracture with polymethylmethacrylate 
(PMMA) increases the density of the vertebral body. Little is 
known about the impact on the intervertebral disc. The annu-
lus fibrosus (AF) of the intervertebral disc consists of fibro-
cartilage whereas in the nucleus pulposus (NP) loose fibers 
are embedded in a mucoprotein gel. Pathological discs can be 

differentiated from normal discs by changes in their water 
content and collagen arrangement. Healthy discs show lower 
water content in the AF than in the NP.

Standard magnetic resonance imaging (MRI) is a nonin-
vasive and well-established method for the assessment of 
intervertebral discs and their morphologies.6 Increasing 
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Abstract
Objective. A minimally invasive treatment of osteoporotic and nonosteoporotic thoracic and lumbar spine fractures is 
cement augmentation (kyphoplasty). Little is known about the impact on adjacent intervertebral discs. A quantitative 
magnetic resonance imaging (MRI) approach in addition to morphological MRI is desirable to evaluate changes in the 
intervertebral disc. Our study aims to evaluate the feasibility of T2 mapping for the detection of subtle changes in the 
intervertebral discs in spines after kyphoplasty. Design. Intervertebral discs were assessed by quantitative MRI (3.0 T) using 
T2 relaxation time mapping. Region of interest (ROI; 6 per disc) analyses were performed. The ROIs at the anterior and 
posterior edges were interpreted as annulus fibrosus (AF). The 2 very inner zones were regarded as nucleus pulposus (NP) 
and the regions in between as intermediate transition zone. We compared T2 relaxation time values of intervertebral discs 
adjacent to the vertebrae after kyphoplasty with those nonadjacent to vertebrae after kyphoplasty, especially in the NP. 
Results. The analysis of the ROIs showed that the intervertebral discs of the adjacent vertebral segments are associated 
with reduced T2 values compared to those that are nonadjacent to the affected vertebrae. Conclusion. This study is to our 
knowledge the first investigation of intervertebral discs after kyphoplasty by quantitative MRI. Quantitative T2 mapping 
shows increased degeneration in adjacent intervertebral discs following kyphoplasty. Besides its contribution to a broader 
knowledge of postoperative changes after kyphoplasty, our findings may help to improve differentiation between healthy 
and degenerated intervertebral discs using these techniques.
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field strength and higher spatial resolution MRI helps detect 
subtle changes in the vertebral body and in the interverte-
bral disc. To differentiate between NP and AF, T2-weighted 
MR sequences are applied.7 However, these images provide 
only qualitative data. Quantitative imaging methods aim to 
visualize the ultrastructure of tissues. T2 mapping visual-
izes variations in collagen orientation and water mobility 
and hence is an attempt to obtain information about tissue 
composition by calculating relaxation times; it has the 
potential to identify various grades of cartilage damage.8,9 
Our study aims to evaluate the feasibility of T2 mapping for 
detecting subtle changes in the intervertebral discs in spines 
operatively treated by kyphoplasty.

Material and Methods

Ethical approval for this study was provided by the Clinical 
Ethics Committee (CEC) of the local university.

An average of 25.8 ± 5.2 months passed between the sur-
gical procedure and the postoperative biochemical-based 
MRI. We selected our study population from a group of 73 
subjects who had suffered from fractures of the lumbar or 
lower thoracal spine and were treated by kyphoplasty. The 
indication for this vertebral augmentation procedure was 
defined on the basis of the results of clinical examination 
and diagnostic imaging.

In all patients, kyphoplasty was performed under general 
anesthesia in a prone position. Needles and balloons were 
inserted into the vertebral body from posterior passing 
through the vertebral arch by biportal access. The vertebrae 
were then inflated by the balloons and after removal of the 
balloons filled with PMMA. All cement augmentations 
used fluoroscopically controlled needle placement to 
achieve an optimal result of balloon fracture reduction and 
cement application.10 Patients who suffered from subse-
quent vertebral fractures between the date of surgery and 
the second examination point were excluded. Further exclu-
sion criteria were the presence of higher grades of disc her-
niation, immobility, and severe comorbidity. Sixteen 
patients with claustrophobia had to be excluded. Of the 
remaining patients, 14 gave their informed consent to par-
ticipate in this study.

We included these remaining 14 patients (9 females, 5 
males; mean age 64.5 ± 7.53 years) in the study.

Magnetic Resonance Imaging

A 3 T MR scanner (Magnetom Skyra, Siemens Medical 
Solutions, Erlangen, Germany) with a gradient strength of 
40 mT/m and a dedicated 8-channel spine coil (3 T Spine 
Matrix Coil, Siemens) were used for image acquisition. In 
order to standardize loading forces, patients had to rest in a 
sitting position for 30 minutes prior to T2 mapping examina-
tion. Thereafter, images were acquired while patients were 

in a supine position. The protocol stipulated sagittal, multi-
echo, spin-echo (SE) T2 image acquisition. For T2 relax-
ation time measurement, a multi-echo–spin-echo sequence 
with a repetition time (TR) of 1400 ms, echo times (TE) of 
11.9, 23.8, 35.7, 47.6, 59.5, 71.4, 83.3, 95.2, 107.1, 119, 
130.9, and 142.8 ms was used. The field of view (FOV) was 
260 × 260 with a flip angle of 180°. The pixel size was 0.4 × 
0.4 × 5.0 mm, slice thickness 5 mm, bandwidth 200 Hz/pixel 
and the scan time was 6:18 minutes. T2 relaxation times 
were obtained from on-line reconstructed T2 maps using a 
pixel-wise, mono-exponential, nonnegative least squares 
(NNLS) fit analysis (MapIt, Siemens Medical Solutions, 
Erlangen, Germany). High-resolution morphological MRI 
was also performed using a 3-dimensional, isotropic, fat-
saturated proton-density space sequence (PD-SPACE). All 
sequences were acquired in the sagittal plane. For image 
acquisition, the vertebral bodies and the processus spinosus 
were used as anatomical landmarks. In the PD-SPACE 
sequence, the imaging specialists defined the regions of 
interest (ROIs) and copied them onto the T2 map. This step 
was considered critical for precise localization of the defined 
ROIs in the T2 sequence images. This clear form of orienta-
tion provided the basis for the subsequent image analysis.

Image Analysis

For ROI analysis, the MRI data sequences were transferred 
to a Syngo (Leonardo) workstation (Siemens Medical 
Solution, Erlangen, Germany). T2 relaxation time maps 
were obtained using a NNLS fit analysis. First, the imaging 
specialists (M.P., G.W.) examined the morphological data 
sets for any new fractures or motion artifacts. Assessment 
of intervertebral discs between Th 12 and S1 was per-
formed. ROIs were defined in 4 sagittal planes: 2 through 
the right and 2 through the left portion of the vertebral disc. 
The anterior and posterior rims of the vertebral bone were 
used as anatomical landmarks. Vertebral disc status was 
assessed in these 4 planes (see Figures 1 and 2). For subre-
gional analysis, we marked 6 regions within the vertebral 
disc. The gradual transition from AF to NP tissue often 
causes difficulties in defining a clear boundary. In order to 
evaluate the ROIs in a reproducible manner, these 6 regions 
were measured by equally sized “squared” ROIs in 4 adja-
cent slices on sagittal T2 maps. The ROIs at the anterior and 
posterior edges (ROI 1 and ROI 6) were interpreted as AF 
tissues (Fig. 1, green squares). Regions 2 and 5 were 
regarded as an intermediate transition zone between AF and 
NP (Fig. 1, orange squares). In between these anterior and 
posterior regions, the ROIs 3 and 4 were defined as definite 
nucleus pulposus tissue (Fig. 1, red squares).

The discs were grouped according to whether they pre-
sented with contact to a fractured and post-kyphoplasty verte-
bra or with contact to “normal” vertebrae. Group 1 comprises 
intervertebral discs adjacent to vertebrae after kyphoplasty. 
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Group 2 comprises intervertebral discs adjacent to vertebrae 
without kyphoplasty.

Statistical Analysis

Data were collected, organized, and analyzed through SPSS 
software for statistics (IBM SPSS 21.0, IBM Corp., Armonk, 
NY, USA). If not stated otherwise, continuous variables are 
provided as mean and standard deviations (SD).

For the comparison of T2 relaxation time values between 
adjacent and nonadjacent intervertebral discs (for each 
ROI) the following procedure was performed: assumptions 
of normally distributed continuous variables were tested 
using quantile-quantile plots, Kolmogorov-Smirnov, and 
Shapiro-Wilk tests. After testing for Gaussian distribution, 
the Mann-Whitney U test or t test for independent samples 
was applied as appropriate.

P values ≤0.05 were considered as statistically significant.

Results

Patients’ Characteristics and ROIs

Patients had a mean age of 64.5 ± 7.53 years when they 
were examined by MRI. The mean body weight in our 
cohort was 76.50 ± 14.46 kg with an average body mass 
index of 26.66 kg/m2. The time between surgery and MRI 
was on average 25.79 ± 5.16 months.

Quantitative T2 mapping for intervertebral disc fibrocar-
tilage assessment was performed in 14 patients. A total of 
504 ROIs (36 per spine) were analyzed. The mean numbers 
of pixels for the ROIs are provided in Table 1.

We compared mean T2 values between adjacent and 
nonadjacent intervertebral discs for each ROI (1-6) in each 
of the segments evaluated (Th12/L1- L5/S1).

Results According to the Anatomical Distribution 
of the ROIs within the Intervertebral Disc

Outer Part (AF).  ROIs 1 and 6 represent the outer parts of the 
intervertebral disc (Fig. 1, green squares). Only T2 relax-
ation time values for segment Th12/L1 in ROI 1 showed a 
statistically significant difference between nonadjacent and 
adjacent vertebral discs (adjacent 62.62 ± 51.77 vs. nonad-
jacent 45.82 ± 16.36; P = 0.005) whereas all other ROIs 1 
and 6 did not reveal any significant differences with diver-
gent results, (see Table 2).

Intermediate Zone (IZ).  ROIs 2 and 5 represent the interme-
diate zone (Fig. 1, orange squares).

Only values for segments L1/L2 and L2/3 showed lower 
T2 values in the adjacent intervertebral discs of ROIs 2 with 
a statistical significant difference. In segment Th12/L1 the 
values were divergent, with higher values in adjacent discs, 
but again a statistically significant difference was observed.

Looking at ROI 5 we could see statistically significantly 
lower T2 values in the adjacent intervertebral discs in seg-
ments L2/L3 and L4/L5. In segment L1/L2, the values were 
divergent, with higher values in adjacent discs, and a statis-
tically significant difference could be observed again. In all 
other ROIs 2 and 5 of all segments analyzed, adjacent inter-
vertebral discs showed lower mean values, but did not 
reveal any statistically significant differences.

Inner Part (NP).  ROIs 3 and 4 comprise the inner part of the 
intervertebral disc representing the NP (Fig. 1, red squares). 
We could detect decreasing T2 values in the adjacent discs 
compared to the nonadjacent intervertebral discs in seg-
ments L1/L2 to L3/L4. In these 6 ROIs, representing the 
very inner part of the intervertebral disc of the upper lumbar 
spine, the adjacent discs showed statistically significantly 
lower T2 values than the nonadjacent intervertebral discs, 
for ROI 3 L1/L2 adjacent 60.49 ± 13.88 versus nonadjacent 
66.07 ± 33.12, P < 0.01; L2/L3 adjacent 49.13 ± 13.04 ver-
sus nonadjacent 73.18 ± 33.73, P < 0.01; L3/L4 adjacent 
53.76 ± 9.04 versus nonadjacent 67.90 ± 16.57, P < 0.01 
and for ROI 4 L1/L2 adjacent 57.92 ± 12.70 versus nonad-
jacent 62.60 ± 21.72, P < 0.01; L2/L3 adjacent 52.1 ± 11.67 
versus nonadjacent 75.63 ± 36.24, P < 0.01; L3/L4 adjacent 
51.92 ± 10.85 versus nonadjacent 71.01 ± 24.46, P < 0.01.

For segments L4/L5 and L5/S1, nonadjacent interverte-
bral discs showed higher values in all ROIs, but the 

Figure 1.  Schematic overview of region of interest (ROI) 
subdivision of the intervertebral disc. The ROIs at the anterior 
and posterior edges (ROI 1 and ROI 6) were interpreted as 
annulus fibrosus (AF) tissue (green squares). Regions 2 and 5 
were seen as intermediate transition zone between AF and 
nucleus pulposus (orange squares). In between these most 
anterior and posterior regions, ROIs 3 and 4 were defined as 
definite nucleus pulposus tissue (red squares) (For interpretation 
of the references to colours in this figure legend, refer to the 
online version of this article).
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differences were not significant. For all mean T2 and P val-
ues, see Table 2.

Interestingly, in most of the evaluated ROIs between L1/
L2 and L5/S1, mean T2 values were noticeably higher in 
the nonadjacent intervertebral discs, although not all of 
them were statistically significantly different. In almost all 
ROIs (5/6) of segment Th12/L1 the reverse distribution was 
observable, and T2 values of the intervertebral discs in the 
adjacent group were higher than in the nonadjacent discs. 
Mean T2 values are visualized in Figure 3.

To summarize the values detected, the analysis of the 
ROIs showed that in our cohort, intervertebral discs of the 
NP in segments L1/2 to L3/L4 develop lower T2 values in 
the discs adjacent to vertebrae after kyphoplasty compared 
with those nonadjacent to vertebrae after kyphoplasty. 
Figure 2b shows a representative T2 mapping image of 
adjacent and nonadjacent discs, with clearly visible differ-

ences between intervertebral discs adjacent and nonadja-
cent to vertebral bodies after kyphoplasty.

Discussion

This study investigated intervertebral discs approximately 2 
years after kyphoplasty, focusing on differences between 
adjacent and nonadjacent discs. Quantitative T2 mapping was 
used to assess changes in the fibrocartilage substructure.

Our findings showed a significant decrease in T2 relax-
ation times in the mid-portion of the intervertebral discs 
adjacent to vertebral bodies after kyphoplasty. These find-
ings could be an interesting basis for further studies and 
support the hypothesis that varying statics after vertebral 
augmentation procedures might have an influence on the 
adjacent intervertebral discs.

Increasing life expectancy in modern society will 
lead to a higher prevalence of osteoporotic fractures, 
meaning that numbers of intervertebral disc augmenta-
tion procedures will rise. It is important to evaluate con-
comitants of these procedures in order to be prepared for 
possible complications or impact on the patient’s life 
afterward.

Standard morphological MRI has become an accepted 
diagnostic tool for non-invasive evaluation of various mus-
culoskeletal alterations, for example, bone bruise, interver-
tebral disc or cartilage lesions.

Moreover, emerging techniques, including T2 mapping, 
can be used to visualize microstructural and biochemical 
changes to the soft tissue matrix.

Table 1.  Mean Number of Pixels for Each Region of Interest 
(ROI) in Every Segment.

Localization

Pixels (mean number)

ROI 1 ROI 2 ROI 3 ROI 4 ROI 5 ROI 6

Th12/L1 263.70 287.12 317.54 326.34 286.79 169.11
L1/L2 337.77 365.55 394.71 384.28 340.41 211.41
L2/L3 360.13 405.59 456.63 461.18 395.13 237.43
L3/L4 388.86 448.20 529.04 461.18 504.55 422.86
L4/L5 462.21 452.50 476.70 454.63 383.11 247.75
L5/S1 413.20 353.45 363.32 330.43 290.75 192.02

Figure 2.  (a) Morphological magnetic resonance image of the lumbar spine. Vertebral body after kyphoplasty (L1) marked by arrow. 
Intervertebral discs adjacent to vertebral body after kyphoplasty marked with an asterisk (*), intervertebral discs nonadjacent to 
vertebral body after kyphoplasty marked with double asterisks (**). (b) T2 map with clearly visible differences between intervertebral 
discs adjacent (*) and nonadjacent (**) to vertebral bodies after kyphoplasty.
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Conventional T2-weighted sagittal MRI sequences have 
been used to create a subjective grading scale for disc health 
based on morphological criteria.11,12 The most discussed 
potential problem with the grading system is its lack of 
specificity.13,14 The Pfirrmann grading system is based on 
MRI signal intensity, the clarity of the transition zone 
between the AF and NP, and disc height.11 Several studies 
have broached the issue of this subjective scoring system’s 
failure to correlate well with pain or provide clinically use-
ful patient stratification, especially in detecting early signs 
of degeneration.15,16

Ellingson et al.17 showed that T2* mapping is a sensitive 
quantitative method capable of detecting changes associated 
with disc degeneration and predicting altered functional 
mechanics of the lumbar spine (in cadaveric measurements) 
better than traditional Pfirrmann grading. Numerous previ-
ous studies have compared quantitative imaging methods 

and assessment in morphological sequences by Pfirrmann 
grading.18 As these studies have demonstrated correlation 
between the methodologies, we decided to omit grading 
according to the Pfirrmann score.

In our study, we intended to investigate intervertebral 
discs after kyphoplasty by quantitative MR and to compare 
the findings in adjacent and nonadjacent discs. Analysis of 
the ROIs showed that in our cohort, intervertebral discs of 
the NP develop lower T2 values in the discs adjacent to ver-
tebrae after kyphoplasty compared with those nonadjacent 
to vertebrae after kyphoplasty. These findings underscore 
the ability of T2 mapping to detect subtle changes in verte-
bral discs after kyphoplasty, and our initial results suggest 
that there are differences in the ultrastructure of interverte-
bral discs after kyphoplasty. Our hypothesis was that the 
adjacent intervertebral discs tend to develop accelerated 
degenerative changes. The decrease in mean T2 values in 

Table 2. T 2 Relaxation Time Values (Mean ± SD) for Regions of Interest (ROIs) 1 and 6 (Upper Third of the Table) Representing 
Annulus Fibrosus Tissue (AF); for the ROIs 2 and 5 (Middle Third of the Table), Representing the Intermediate Zone (IZ); and for the 
ROIs 3 and 4, Representing Nucleus Pulposus Tissue (NP) Subcategorized by the Segments Th12/L1 to L5/S1 and P Values for the 
Difference between Adjacent and Nonadjacent Intervertebral Discs.a

Localization

ROI 1 ROI 6

Adjacent Nonadjacent P Value Difference Adjacent Nonadjacent P Value Difference

AF  
Th12/L1 62.62 ± 51.77 45.82 ± 16.36 0.005 64.76 ± 35.53 74.95 ± 80.07 0.368
L1/L2 52.76 ± 14.77 56.91 ± 24.34 0.913 54.37 ± 22.91 56.55 ± 26.14 0.097
L2/L3 55.35 ± 17.59 64.24 ± 38.57 0.689 45.66 ± 11.13 58.35 ± 31.26 0.097
L3/L4 57.21 ± 32.87 69.34 ± 49.43 0.065 50.38 ± 13.37 61.20 ± 43.55 0.577
L4/L5 53.65 ± 14.78 49.80 ± 15.77 0.246 60.05 ± 17.75 55.11 ± 17.62 0.282
L5/S1 49.36 ± 8.40 49.94 ± 20.95 0.383 64.31 ± 21.69 74.12 ± 63.63 0.700

  ROI 2 ROI 5

  Adjacent Nonadjacent P Value Difference Adjacent Nonadjacent P Value Difference

IZ  
Th12/L1 52.82 ± 16.86 39.03 ± 7.99 0.002 58.35 ± 18.17 54.96 ± 11.47 0.766
L1/L2 50.46 ± 10.95 61.13 ± 42.24 0.000 49.67 ± 13.24 40.1 ± 13.3 0.000
L2/L3 43.94 ± 11.56 64.44 ± 44.22 0.000 45.54 ± 9.89 60.38 ± 12.93 0.000
L3/L4 54.86 ± 18.70 57.85 ± 15.70 0.285 47.41 ± 8.01 58.04 ± 12.64 0.002
L4/L5 53.01 ± 12.75 53.96 ± 11.62 0.547 54.58 ± 4.65 57.36 ± 9.39 0.318
L5/S1 56.38 ± 8.40 55.72 ± 15.98 0.839 55.28 ± 16.15 64.66 ± 18.59 0.128

  ROI 3 ROI 4

  Adjacent Nonadjacent P Value Difference Adjacent Nonadjacent P Value Difference

NP  
Th12/L1 64.56 ± 30.12 55.69 ± 10.82 0.457 65.09 ± 23.56 53.35 ± 14.78 0.535
L1/L2 60.49 ± 13.88 66.07 ± 33.12 0.000 57.92 ± 12.70 62.60 ± 21.72 0.000
L2/L3 49.13 ± 13.04 73.18 ± 33.73 0.000 52.1 ± 11.67 75.63 ± 36.24 0.000
L3/L4 53.76 ± 9.04 67.90 ± 16.57 0.002 51.92 ± 10.85 71.01 ± 24.46 0.001
L4/L5 55.76 ± 9.13 61.71 ± 14.78 0.177 55.20 ± 7.29 62.81 ± 13.71 0.063
L5/S1 65.83 ± 31.12 70.25 ± 29.02 0.440 56.46 ± 20.06 66.38 ± 23.79 0.092

aP values ≤0.05 are marked in boldface.
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the mapping analysis we have presented here is congruent 
with the findings of Niinimäki et  al.,19 who correlated 
degeneration with dehydration in an animal experiment, 
and explainable by the findings of Marinelli et al.,20 who 
reported that quantitative T2 values correlated significantly 
with the water content in the human NP. Compared with 
these results of previous studies, our investigation con-
firmed the presence of partly morphologically visible 
degenerative changes in the intervertebral disc. The subre-
gional mapping analysis will help us understand changes in 
the tissue after kyphoplasty.

The anterior portion of the intervertebral disc (ROI 1) 
and the posterior edge (ROI 6) do not seem to be influenced 
particularly by the presence of kyphoplasty. The tendency 
for significantly lower T2 average values in the adjacent 
intervertebral discs within ROIs 2 to 5 clearly suggests that 
the inner portion of the intervertebral disc is influenced by 
the presence of kyphoplasty. Although we did not analyze 
the distribution of the cement within the vertebral body, we 
could observe a clear pattern after kyphoplasty in segments 
L1/L2 to L3/4 in the inner part of the disc. This pattern 
might give a hint that the impact of kyphoplasty on the 
intervertebral discs is most marked in the apex of the lum-
bar lordosis.

König et al.21 found no significant influence on disc degen-
eration at an average of 15.2 months after kyphoplasty. Their 
results are in contrast to our findings. Our cohort was investi-
gated a little over two years after kyphoplasty, hence at a later 
postoperative stage than their patients on average. Their imag-
ing approach used morphological imaging. Two factors could 
explain our differing results. The first is our longer postopera-
tive interval (15 vs. 25 months), which may lead to further 
progression of the degenerative changes. The second is the 

imaging method we used, which enabled us to detect more 
subtle changes in the intervertebral discs. An additional factor 
could be differing preoperative conditions. This new method-
ology and analysis technique may enhance the assessment of 
degeneration and could be helpful for the assessment of 
patients with persisting pain after kyphoplasty.

Adjacent segment degeneration has been reported to be 
likely after lumbar fusion surgeries. Moreau et al.22 reported 
that 29% of patients developed adjacent segment degenera-
tion, which was mainly associated with risk factors such as a 
high number of instrumented levels and preoperative sagittal 
imbalance. In their survey on the effects of fusion, D’Oro 
et al.23 found that lumbar fusion surgery increases the inci-
dence of disc degeneration. Rohlmann et al.24 compared the 
effects of posterior dynamic and rigid fixation devices on the 
loads in the lumbar spine in a finite element study. They 
showed that the mechanical effects of dynamic implants are 
comparable to those of a rigid fixation device in the adjacent 
level (here solely the segment L2/L3 was analyzed), except 
after distraction, when intradiscal pressure is considerably 
lower for rigid than for dynamic implants.24 However, the 
mechanism at work after kyphoplasty might be different 
from that found in these settings, due to the fact that mobility 
between the segments is not directly influenced by cement 
augmentation. Therefore, the increased density of the verte-
bra after kyphoplasty might even lead to higher compression 
forces on the intervertebral disc. Ottardi et  al.25 observed 
pronounced variations of intradiscal pressures and stresses 
after kyphoplasty. Most biomechanical studies focus on the 
biomechanical effect on the adjacent vertebrae and not on 
the intervertebral disc.26,27 Our study aimed to supply a first 
step toward a biochemical and biomechanical imaging 
approach to intervertebral discs after kyphoplasty.

Figure 3. A verage T2 relaxation time values for the segments Th12/L1 to L5/S1. For each region of interest (ROI), black bars display 
data of adjacent intervertebral discs, white bars display data of nonadjacent intervertebral discs. Statistically significant differences 
between adjacent and nonadjacent intervertebral discs are marked with P ≤ 0.05.
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There are some limitations in the present study. One of 
these limitations is the lack of a gold standard. Understandably, 
no histological samples could be obtained.

Because of the fact that the patients in the investigated 
cohort were advanced in years, it was extremely challeng-
ing to find a control group with completely healthy spines. 
Therefore, we decided to use the intervertebral discs nonad-
jacent to vertebrae after kyphoplasty as an “internal” con-
trol group. However, future studies will need to be based on 
larger cohorts and include healthy controls in the study 
population. Longitudinal data will be needed to detect pos-
sible differences between female and male patients. In 
future studies, one of the aims will be to examine larger 
cohorts over a longer period of time. The lack of several 
follow-up scans is a limitation.

Another limitation of our study is the relatively small 
cohort. Future studies with larger patient groups will be 
needed to confirm the results. Additionally, clinical factors 
should be taken into account and will be correlated with the 
imaging findings. Another interesting task of future studies 
might be to investigate the endplate diffusion of the affected 
disc and to determine which role this condition plays and 
whether this might be a target for interventions. Future stud-
ies will additionally need to explore the role of the magic 
angle in T2 relaxation time mapping, as this might be a sig-
nificant factor, especially in patients with pronounced lor-
dosis or kyphosis.

Our initial study investigating T2 mapping values of 
intervertebral discs in spines after kyphoplasty could be a 
step toward a better understanding of clinical results and 
toward establishing well-evaluated follow-up measure-
ments by biochemical and morphological MRI.

Conclusion

This study is, to our knowledge, the first investigation of 
intervertebral discs after kyphoplasty by quantitative MRI. 
Besides its contribution to a broader knowledge of postop-
erative changes after kyphoplasty, our findings may help to 
improve differentiation between healthy and degenerated 
intervertebral discs using these techniques.
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