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Abstract

Study design A retrospective, longitudinal cohort study.

Objective The purpose of this study was to examine whether Hounsfield units (HUs), as an alternative bone mineral density
measurement to dual-energy X-ray absorptiometry and quantitative computed tomography, which lead to additional radiation
exposure for patients, has an effect on the maintenance of reduction in bisegmental Cobb angle (CA) and cage subsidence
in patients who receive bisegmental spine stabilization after traumatic thoracolumbar spine fractures.

Methods A total of 81 patients with a mean follow-up of 12 months were analyzed. CAs and cage subsidence were measured
intraoperatively and at follow-up. HU was measured, and patients were subsequently assigned based on HU to three HU sub-
groups (group 1: HU < 110 [poor bone quality (BQ)]; group 2: HU 180-110 [diminished BQ]; group 3: HU > 180 [good BQ]).
Results Following anterior stabilization, loss of reduction and cage subsidence differed between patients with poor and
diminished BQ but not significantly, and both groups showed significantly more loss of reduction and cage subsidence than
patients with good BQ.

Conclusion BQ, estimated with HU, had significant effects on cage subsidence and loss of reduction. We recommend
measuring HU before surgery and applying additional treatment strategies, such as polymethylmethacrylate augmentation
of endplates or anterior plates, for patients with HU < 180.

Graphical abstract These slides can be retrieved under Electronic Supplementary Material.
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motion segment. The involvement of the functional spinal
unit has implications for the treatment of spinal injuries.
The multicentre study (MCSII) of the Spine Section of the
German Orthopaedic and Trauma Society showed that bet-
ter radiological results could be achieved via additional
surgical treatment of the anterior column [1]. This finding
was included in the Recommendations for the Treatment
of Thoracolumbar and Lumbar Spine Injuries of the Spine
Section of the German Orthopaedic and Trauma Society [2].

In addition to the qualities of the implant, bone quality
(BQ) and thus the bone—implant interface are important fac-
tors in the stability of the surgically treated spinal segment
[3]. A high bone mineral density (BMD) is correlated with
a higher stiffness of the overall construct [4-6] and is rel-
evant to cage subsidence for patients with posterior lumbar
interbody fusion (PLIF) [7].

The gold standard for measuring BMD is dual-energy
X-ray absorptiometry (DEXA) or quantitative computed
tomography (qCT), but it can also be estimated using
Hounsfield units (HUs) derived from standard multidetec-
tor CT (MDCT) [8-11].

The aim of this retrospective study was to examine
whether HUs have an impact on the maintenance of reduc-
tion with respect to the bisegmental Cobb angle (CA) and
cage subsidence in patients with bisegmental two-step spine
stabilization after traumatic thoracolumbar spine fractures
(TTSFs).

We proposed that a lower HU is associated with a greater
loss of reduction and more cage subsidence.

Materials and methods
Study design

This study conducted a retrospective, longitudinal analysis
using prospectively collected data from a single Level 1
trauma centre.

Patients

Eighty-one patients (age: 18-70 years, 59 male and 22
female) suffering from TTSF without known osteoporosis
were included. (Further information is provided in Table 1.)

Treatment protocol

Patients who were considered for the study had received
a posterior stabilization (first OP—posterior reduction and
bisegmental instrumentation). Sixty-eight patients received
posterior open spine surgery without a fusion graft, such
as a bone graft or augmentation. USS® (Synthes, N=62)
and Krypton® (Ulrich, N=6) implants were used. Thirteen

patients received percutaneous posterior reduction and
instrumentation with Viper® (polyaxial, DePuy Synthes).

Additive anterior stabilization (second OP—vertebral
body replacement (VBR) and fusion with an expandable
cage (VLIFT® Stryker) and cancellous bone grafting) after
TTSF was performed for patients with a McCormack Index
of 7 or higher [12] in A, B or C injury according to the
AOSpine classification [13]. For the second surgery, the ven-
tral VBR, the criteria were as follows: intravertebral disc
herniation, disturbance of the disc, subsidence, vertebral
pseudarthrosis and pain. The VBR device used had remov-
able circular endplates with a diameter of 22 or 26 mm. To
fit the cage to the vertebra, angulated cage endplates (3°, 8°
and 15°) were used. The endplate preparation was performed
very carefully under endoscopic or direct vision to avoid
damaging the endplates.

The treatment protocol included an interval of approxi-
mately 3 months from posterior to anterior procedure. The
aim of our clinical standard was to assess bony healing, disc
status and patient symptoms after a time period of 3 months
to evaluate indications for anterior stabilization and to main-
tain the option of posterior implant removal after healing.

Patients with fracture-related neurological deficits, known
osteoporosis or ankylosing spinal disorders were excluded
due to the differing requirements of operative treatments
(e.g., augmentation, kyphoplasty or multi-level instrumenta-
tion), postoperative therapies and activities.

Cobb angle

The bisegmental CAs were recorded at two time points,
intraoperatively (second OP, radiographs in lateral position)
and at follow-up 12 months after the second OP (radiographs
in supine position), see Fig. 1.

Kyphotic CAs are denoted as negative values and lor-
dotic CAs as positive values. The dCA was further used to
record the change in CA and was calculated as the difference
between the intraoperative and follow-up results.

The presence of cage subsidence was recorded, and its
value was measured in mm at follow-up. Specifically, we
measured the maximum subsidence depth of the cage into
the cranial and caudal vertebra on CT scans.

Bone quality

HU values were measured according to the preoperative
CT of the vertebra to be instrumented. HU values reflect
BQ with high accuracy, despite the use of different devices
and CT protocols [7-9]. We measured HU according to
Schreiber et al. [9] and Mi et al. [14]. The average HU value
was measured in three axial planes of the vertebral body
(VB). The mean HU of the largest possible region of inter-
est, without including sclerotic or cortical structures, within
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Fig. 1 Bisegmental CA of two patients (top: age: 19, fractured ver-
tebra: L1, AOSpine: A3, McCormack 7, HU: 98; bottom: age: 30,
fractured vertebra: Th12, AOSpine: B2 A4, McCormack 8 HU: 199)
at three time points: pre 2ndOP; 2nd OP and E) follow up of frac-
tured L1 with AOSpine classification A3. The vertebras cover- and

the VB was measured by a experienced surgeon (BU). The
mean value of the individual HU (three axial planes) values
was calculated for each patient.

To better differentiate the effects of BQ, the total popula-
tion was categorized into three HU subgroups depending
on their HU values (group 1: HU <110, N=10; group 2:
HU> 110 and < 180, N=43; group 3: HU > 180, N=28), as
described by Schwaiger [15] and Pickhardt [8]. Changes in
BMD during the investigation period and thus an associated
loss of reduction or subsidence were not expected, because
the BMD as measured by DEXA decreases by less than 1%
annually [16]; thus, we would not expect changes in the HU
given the correlation between HU and DEXA, as indicated
by Lee et al. [17].

Statistical analysis

First, differences in BMI, AOSpine classification and frac-
tured levels between the three HU subgroups were confirmed
using univariate analysis of variance (ANOVA). Variables
that significantly differed between HU subgroups were cho-
sen as covariates in the subsequent analyses of covariance

endplate of Th12 and L2 are marked with white lines, respectively.
The bisegmental CA between these lines are given in the upper right
corner for each time point. The physiological bisegmental CA for L1
is supposed with 0° and for Th12 with 5°

(ANCOVASs). Separate ANCOVAs were performed to ana-
lyze postoperative changes in CA and the extent of subsid-
ence. To test whether the ratio of vertebra and cage endplates
differed between the HU subgroups and whether this ratio
was due to an effect on subsidence, one-factorial ANOVA
and bivariate Pearson correlation were performed. Effect
sizes were calculated as the squared partial eta ('7127)‘ Post hoc
least significant difference (LSD) tests were also performed.

To detect HU-dependent general effects on the dCA and
cage subsidence, the Pearson correlation coefficient was
used. To confirm whether the level of reduction affected the
extent of subsidence, Pearson correlation was performed.
The significance level for all tests was set at a P of 0.05.
SPSS 24 (SPSS Inc., Chicago IL) software was used for
statistical analyses.

Results
An overview of our cohort (HU, age, sex, fractured VB,

AOSpine classification, loss of reduction and cage subsid-
ence) is provided in Table 1.
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The univariate ANOVA showed significant differences
between the HU subgroups in BMI (P=0.014) and AOSpine
classification (P =0.015) but not fractured VB (P =0.523).
Thus, BMI and AOSpine classification were used as covari-
ates in the ANCOVAs, but no significant effects (loss of
reduction: BMI P=0.592, AOSpine P=0.414; subsidence:
BMI P=0.600, AOSpine: P=0.294) were observed.

The ANCOVA for dCA showed significant effects for
HU subgroups (P=0.05, F, ;9=3.121, 17’2, =0.078). Pairwise
comparisons showed a significantly higher loss of reduc-
tion for groups with poor and diminished BQ (group 1:
P=0.043, group 2: P=0.028) than in the group with good
BQ (group 3, Fig. 2). The loss of reduction did not sig-
nificantly differ between group 1 and group 2 (P=0.575).
ANOVA was used to examine the effects of vertebral-to-cage
endplate ratio on subsidence and showed no significant dif-
ferences between the three HU subgroups nor for the cranial
or caudal vertebral-to-cage endplate ratio (cranial: P=0.69,
F,73=0.376; caudal: P=0.78, F, ;3=0.251). The Pearson
correlation between the vertebral-to-cage endplate ratio and
the amount of subsidence showed a significant correlation
for the caudal endplates, with r=0.307 (P <0.01), but not
for the cranial endplates (P=0.07). With a 7 of 0.09, this
correlation can be described as low.

The correlation between the amount of reduction and the
extent of subsidence was assessed, and the Pearson correla-
tion was not significant (P =0.68).

For cage subsidence, the ANCOVA showed a signifi-
cant effect for HU subgroups (P <0.001, F,4,=10.721,
nﬁ=0.222). Pairwise comparisons showed a significantly
higher cage subsidence for group 1 (P <0.001) and group 2
(P <0.001) than for group 3. Furthermore, group 1 and
group 2 did not significantly differ (P =0.287, Fig. 2).

OCA mean £.95 CI [°]
S

_8 T T T
group lyycio  8roup 2yjoagus1s0  SrOUP 3pus1s0

Overall, the frequency of cage subsidence at follow-up was
100, 90 and 70% in groups 1, 2 and 3, respectively (Table 1).

The Pearson correlation coefficient showed significant
effects of HU on dCA (P =0.018, r=0.266) and cage sub-
sidence (P <0.001, r=—-0.412, Fig. 3).

Discussion

In this study, we showed that HU (derived from MDCT)
had significant effects on cage subsidence and loss of reduc-
tion after a two-step posterior-anterior spinal stabilization
for TTSFs. Loss of reduction and cage subsidence did not
significantly differ between patients with poor and dimin-
ished BQ, but these patients presented a significantly greater
loss of reduction and more frequent cage subsidence than
patients with good BQ. These results were consistent with
our hypotheses. Thus, the preoperative determination of
bone quality assumes an important meaning also in the case
of assumed good bone quality, because most of our patients
had no good bone quality, even in patients were we expected
good bone quality.

However, even patients with good BQ showed a loss of
reduction and cage subsidence.

A significant difference in the loss of reduction was
found between the HU subgroups after the second OP. Both
group 1 (poor BQ) and group 2 (diminished BQ) had a sig-
nificantly greater loss of reduction than group 3, which had
HU values over 180.

Despite the use of expandable cages, which minimize the
risk of cage subsidence due to the use of wedges between
VBs and thus the improved/enlarged implant-to-bone con-
tact [6, 18], we found cage subsidence in all HU subgroups
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Fig.2 0 Cobb angle (left) and cage subsidence (right) for each HU subgroup are given as mean and 95% confidence interval. Significant differ-

ences between groups are marked with black line and asterisk
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Fig. 3 Linear correlation (black line) between HU and d Cobb angle (left) and cage subsidence (right) and the correlation coefficient (r). Signifi-

cant correlations coefficients are marked with asterisk

in an unexpected percentage of patients when compared with
the results obtained by Spiegl et al. [19]. This finding war-
rants further examination. One reason may be alterations
in endplates despite the careful preparation. Assuming that
reduced BQ increases the risk of altering the endplates dur-
ing preparation, low BQ may be an explanation for the high
frequency of intraoperative cage subsidence. In addition, we
had no “force control” for cage expansion. It would be desir-
able to have cages with “force control” and referential values
for expansion power.

Consistent with the loss of reduction due to HU, we found
significant differences between HU subgroups in cage sub-
sidence. Even in group 3 (with good BQ), we found 70%
cage subsidence. This finding led us to the assumption that
the VBR device we used was unable to maintain reduction
as a stand-alone technique for cases of diminished and poor
BQ. We did not find screw loosening in any of our patients.

One reason for the loss of reduction and the progression
in subsidence over time could be an excessive (over-) cor-
rection during the second surgery, with the reduction com-
pensating over time. We could not show a correlation in our
patients between the amount of reduction and the extent of
subsidence. The amount of reduction did not differ between
the HU subgroups. Due to the posterior instrumentation, the
two levels were already stabilized. We suspect that it will not
be possible to overcorrect the spine for a relevant amount,
due to the limited mobility in this segment, which is caused
by the posterior fixator.

The cages were used according to the optimal configura-
tion that was technically feasible. Nevertheless, a mismatch
of the vertebra and cage endplates cannot be excluded, and
this mismatch may affect subsidence. The ratio of vertebral
and cage endplates did not differ between HU subgroups, but
we found significant correlations between the ratio and the
extent of subsidence. We found that the larger the mismatch

between the endplates was, the greater the subsidence.
Moreover, the cages did not have to tower over the edge of
the vertebrae. To minimize the risk of subsidence, the end-
plate of the vertebra and cage should be as equal as possible.
Nevertheless, this effect is described as low in our patients.

In 2011, Schreiber et al. found significant correlations
between HUs and BMD, age, and T-scores and between
HUs and compressive strength (P <0.001) in a case series
of 25 patients [9]. Schreiber and colleagues concluded that
these data may have utility for the diagnosis and treatment
of osteoporosis.

In addition, in 2011, Pickardt et al. [20] investigated the
ability to assess BMD derived from screening computed
tomographic colonography (CTC) in correlation with DEXA
as the reference standard in 252 adults. They analyzed a
phantomless qCT-technique and HU in regard to sensitiv-
ity and specificity to detect osteoporosis and concluded that
phantomless qCT and HU of the lumbar spine were effective
for BMD screening with high sensitivity for osteoporosis,
as defined by the DEXA T-score. Pickardt et al. analyzed
BQ in 2013 in 1867 patients with HU, using the technique
described by Schreiber et al. (the same technique was also
used in our study). They compared HU with DEXA for the
identification of osteoporosis [8, 9] and found that a thresh-
old of 160 HU had a sensitivity of 90% and that a threshold
of 110 HU had a specificity of 90% for diagnosing osteo-
porosis. They concluded that HUs were an appropriate tool
for identifying patients with osteoporosis or normal BMD.
This topic was further investigated by Choi et al. [21], and
their results support the strong correlation between DEXA
and HU.

Considering that (1) BMD can be closely estimated with
HU values (confirmed using correlation analysis of DEXA
and qCT values to HU values) [8, 9]; (2) a correlation
between BMD and cage subsidence is present, as indicated
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by Oh et al. [7]; and (3) BMD is correlated with mechanical
properties of the bone [4, 6], we think that the main cause of
the loss of reduction and cage subsidence is the diminished
BQ of the studied cohort.

This finding is consistent with the results of Schwaiger
et al. [15] and Meredith et al. [22]. They were able to deter-
mine in 62 prospectively collected cases that screw loos-
ening, existing fractures and fractures that occurred during
the course of treatment (patients with instrumented spinal
fusion due to degenerative indications) were observed only
in patients who had a significantly lower HU. These results
were confirmed by Bredow et al. [23]. Another study deter-
mined a threshold of 132 HU with a sensitivity of 83.3% and
a specificity of 61.1 for cage subsidence following PLIF and
unilateral fixation [14].

The biological conditions (quality of bone) cannot be
influenced in the case of injury. If this could be adequately
assessed preoperatively (HU measurement), BQ could then
be appropriately considered through specific selection of the
implant and surgical technique. Larger and more rectangu-
lar cage footprints improve the mechanical coupling of the
cage to bone [24]. The use of additional anterolateral plates
improves mechanical stability [25]. Cages with bone-like
mechanical properties present an option for reducing the
mechanical impedance step at the bone—implant interface
[26, 27].

Different augmentation techniques are used to improve
screw anchorages [28], and these techniques could be
applied to avoid loss of reduction following posterior stabi-
lization (first OP). To avoid cage subsidence after anterior
stabilization, direct augmentation of endplates is possible,
as described by Geiger et al. in 2010 [29].

Consistent with the previously described studies above
and our findings, we revised our treatment protocol. HU
measurements have become routine in patients with spinal
fractures. In patients with an HU < 110, qCT is initially per-
formed to plan for surgery. For patients with HU between
110 and 180, we are using cages with rectangular and larger
footprints adapted to the patient’s individual anatomy. Addi-
tional anterior plate instrumentation is also performed.

In cases of severe osteoporosis on qCT, we use PMMA
augmentation of screws and vertebroplasty of the fractured
VB.

A higher degree of traumatic instability could be expected
to result in a higher amount of loss of reduction. Group 3,
which had HU values greater than 180, had the highest
degree of AOSpine injury. This group had the lowest loss of
reduction. As there were no correlations between AOSpine
classification and dCA, we propose that BQ has a greater
effect on CA than does the severity of injury described by
AOSpine classification.

However, in the analysis of our cohort, we found poorer
HU than we expected. Even young patients and patients who

@ Springer

were expected to have good BQ based on gender and age
demonstrated a significant loss of reduction, more cage sub-
sidence than expected and low HU values.

Mi et al. [14] showed that cage subsidence was associ-
ated with low preoperative HU values for single-level (L4/5)
transforaminal lumbar interbody fusion (TLIF) and recom-
mended preoperative planning by including HU measure-
ment as a predictor of cage subsidence.

Our work, based on a larger cohort, confirms this rec-
ommendation, which was also proposed by Hendrickson
et al. and Spruit et al.[11, 29]. HU measurement enables us
to detect BQ reduction before surgery and to optimize our
surgical planning. We recommend classifying patients after
VB fractures into two groups according to BQ, as estimated
by HU: patients with healthy BQ, or HU > 180, and patients
with weak BQ, or HU < 180.

Limitations of the study

There are some limitations of this study that should be con-
sidered. First, there is potential for selection bias because we
analyzed only cases with VBR.

The data were determined by only one investigator (BU).

There was no power control for the expandable cage
used, and thus, we do not know the force applied on the
cage-bone interface, which is dependent on cage positioning
(e.g., angulation and endplate fitting). However, differences
in cage-fitting to the endplates (due to modular end caps of
3¢, 8° or 15°) can lead to greater forces at the bone—implant
interface and promote cage subsidence, and this possibility
should not be excluded.

We have no data on postoperative patient activity. It
would be useful for future investigations to collect these
data, e.g., with a fitness tracker.

Conclusion

e Only patients with the best bone quality (group 3,
HU > 180) (35% of our cohort) achieved our expecta-
tions of the treatment (maintenance of reduction).

e In all groups, we found subsidence and loss of reduction
at a higher rate than expected (subsidence rate: good BQ:
69%, diminished BQ: 95% and poor BQ: 100%).

e The HU appears to be an appropriate tool to estimate,
for surgical purposes, BQ in trauma patients. We found
HU-dependent effects on cage subsidence and loss of
reduction.

e Preoperative HU measurements offer additional infor-
mation and should be taken into account to optimize the
planning of surgical spine trauma treatment.

e Considering our study results, we revised our treatment
protocols for spinal fractures. HU measurements are now



European Spine Journal (2018) 27:3034-3042

3041

routinely used to detect patients with diminished or poor

BQ.
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