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Abstract

Purpose To clarify the relationship between operative timing and the early post-operative radiological and clinical outcome
after kyphoplasty.

Methods We conducted a retrospective cohort study including patients who underwent kyphoplasty of a single vertebra.
Patients were divided into three groups (acute [<2 weeks], subacute [2—-6 weeks] or chronic [6-51 weeks]) based on the
interval between fracture and surgery. The relative vertebral body height (VBH) and local kyphotic angle (LKA) of the frac-
tured vertebra (measured on plain radiographs) as well as pain and use of analgesics were compared pre- and post-operatively
(day 2) and between the groups.

Results A total of 230 patients (100 with acute, 91 with subacute and 39 with chronic fractures) with fractures from T4 to
L5 were included. In all groups, there was a significant post-operative improvement in the anterior (8.9—-12.9%) and middle
(10.7-13.4%) VBH (all groups: p <0.001), LKA (acute: 3.8°, p <0.001; subacute: 4.3°, p <0.001; chronic: 1.7°, p=0.046)
and pain. The use of analgesics significantly decreased post-operatively in the acute and subacute groups, but did not sig-
nificantly change in the chronic group. Patients from acute (p =0.042) and subacute (p =0.027) groups showed significantly
better post-operative correction of the LKA than the chronic group.

Conclusion Kyphoplasty is effective for vertebral height restoration as well as pain relief for both acute, subacute and chronic
fractures. However, the achievable correction of the fracture-related local kyphosis decreases significantly after 6 weeks.
Therefore, we recommend making a final decision about conservative vs. operative treatment within 6 weeks to ensure better
height restoration in surgically treated patients.
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affected patients. Thus, an optimal treatment should ideally
offer both efficient pain relief and a local restoration of the
fracture-related deformity.

Both conservative and operative treatments are avail-
able to manage patients with VCF. In many cases, intensive
conservative treatment protocols allow good pain relief in
the long term [9]. For surgical alternatives, the standard
procedure for treatment of stable VCF is percutaneous bal-
loon kyphoplasty. In addition to quick pain reduction, this
approach also allows local height restoration of the frac-
tured vertebra by inflating it with a balloon and subsequently
stabilizing it with cement. Current guidelines mainly rec-
ommend an initial conservative treatment attempt and to
consider surgical options only in cases of persistent pain
[10]. However, the optimal duration of such conservative
treatment remains unclear. It seems plausible that a long
interval between a fracture occurrence and surgery might
limit the achievable height restoration because of fracture
consolidation. Therefore, it might be favourable for an opti-
mal long-term outcome not to extend conservative treatment
too long. However, there are no robust data on the interval
during which kyphoplasty should ideally be performed. The
available studies are rather small (each < 100 patients) and
they do not allow reliable recommendations to be made on
the optimal operative timing. For instance, two studies report
a better height restoration in fresh fractures (treated within
4 weeks), but did not examine possible differences between
subacute and chronic fractures [11, 12]. Consequently,
national and international guidelines do not provide consist-
ent recommendations, with some guidelines recommending
a conservative treatment attempt of 2—3 weeks while others
do not provide any recommendations regarding the duration
atall [10, 13, 14].

In the present study, we aimed to investigate the relation-
ship between the time of surgical intervention and radiologi-
cal as well as clinical outcomes after kyphoplasty by retro-
spectively analysing data from single-level kyphoplasties of
the thoracolumbar spine.

Materials and methods
Patients

We included patients who underwent kyphoplasty of a sin-
gle lumbar or thoracic VCF in our orthopaedic department
between January 2012 and December 2018. Patients with a
malignant neoplasia in the respective vertebra or patients
who had multiple fractures that were treated at the same
time were excluded from the study. The included patients
were divided into three groups depending on the interval
between injury and operation: acute group (<2 weeks),
subacute group (2—6 weeks) and chronic group (> 6 weeks).

The time of injury was defined as the time of symptom onset
reported by the patient, and only patients who had reported a
clear time of symptom onset were included in the study. Fol-
lowing German guidelines for the treatment of osteoporotic
vertebral compression fractures, all patients received an ini-
tial conservative treatment attempt [10]. If this conservative
attempt failed and no sufficient pain reduction was reached,
surgical treatment was recommended.

Surgical procedure

All patients were treated in a prone position under general
anaesthesia using a bipedicular approach and biplanar C-arm
imaging guidance. After insertion of the balloons, the infla-
tion was controlled visually and manometrically. In all cases,
the inflation was stopped at a pressure of 300 PSI, when the
balloon made contact with either of the endplates or at total
restoration of the vertebral body height. After allowing the
bone cement to reach a toothpaste-like viscosity, the cavity
was filled with polymethylmethacrylate cement. The patients
stayed in a prone position for at least 15 min after cement
administration so that the curing process would not be com-
promised. All patients received perioperative intravenous
antibiotics.

Radiographic parameters

Two researchers especially trained in the measurement of
radiological spinal parameters (SB and ZH) independently
evaluated the vertebral body height in the anterior, middle
and posterior portions as well as the local kyphotic angle
(LKA) of the fractured vertebra on pre- and post-operative
radiographs for all patients. Image analysis was carried out
using Centricity Enterprise Web® (GE Healthcare, Buck-
inghamshire, UK). The mean values from both measure-
ments were used for statistical analysis to minimize the risk
of systematic bias. The height of the fractured vertebra was
calculated as the relative height compared to the mean height
of the nearest unfractured vertebrae proximally and distally
to minimize the influence of varying magnifications. To
assess the reposition that was achieved through kyphoplasty
of the fractured vertebra, the difference between pre- and
post-operative relative vertebral body height and between
pre- and post-operative LKA were calculated. Example
measurements are shown in Fig. 1.

Clinical parameters

Complementary to the radiological measurements, we
retrieved clinical data on patient characteristics and the
course of treatment from medical records. These data
included age, sex, interval between injury and surgery, oste-
oporosis medication (calcium or Vitamin D supplements,
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Fig.1 Measurement of radiographic parameters on pre- (left) and
post-operative (right) radiographs from a 47-year-old patient from
the acute group. The restoration was 25.4% for the anterior portion,

bisphosphonates, teriparatide, Denosumab), pain on a visual
analogue scale (VAS) at rest and in motion (1 day preopera-
tively and 2 days post-operatively), use of analgesics accord-
ing to the WHO Analgesic Ladder (1, non-opioid analgesics;
2, non-opioids + weak opioids; 3, non-opioids + strong opi-
oids; assessed 1 day preoperatively and 2 days post-opera-
tively), body mass index (BMI) and post-operative day of
full mobilization.

Statistical analysis

Patient characteristics are presented as mean values with
standard deviation or percentages, as appropriate. Base-
line characteristics between the three different groups were
compared using a one-way analysis of variance (ANOVA).
Differences between pre- and post-operative parameters
within the groups were compared using a paired #-test for
parametric variables and a Wilcoxon test for nonparametric
variables, whereas an unpaired #-test (with Welch correc-
tion where necessary) for parametric variables was used to
compare the means between two groups. Pearson’s correla-
tion coefficient was calculated to evaluate the correlation
between operative timing and local height restoration.

Results
Study population

A total of 492 patients were treated using kyphoplasty at
our institution between September 2012 and December
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23.7% for the middle portion, 1.1% for the posterior portion and 8°
for the local kyphotic angle

2018. Of these patients, 230 patients fulfilled the inclusion
criteria (Fig. 2), and of these 230 patients, 100 had acute
fractures, 91 had subacute fractures, and 39 had chronic
fractures. Baseline characteristics of the study popula-
tion are presented in Table 1. There were no significant

Patients treated
with Kyphoplasty 492
(01/2012 6 12/2018)
\ Multilevel
kyphoplasty. 168
——) | Tumour: 11
Cervical
: kyphoplasty. 2
Insufficient
= images: 73
\ No documentefi
time of fracture: 8
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Finally included: 230

Fig.2 Study flowchart
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Table 1 Characteristics of the

¢ Parameter All groups (+SD) Acute (+SD) Subacute (+SD) Chronic (+SD) p
study population
N 230 100 91 39 -
Sex 69m; 161 w 27m; 73 w 30m; 61 w 12m; 27w .666
Age (years) 71.7 (£10.7) 722 (x11.5) 71.8(x£10.3) 70.4 (+9.6) .683
Weight (kg) 71.3 (£15.1) 70.2 (£15.9) 722 (x15.7) 722 (=11) .633
Height (cm) 167.3 (+8.8) 166.7 (+8.8) 168 (+8.8) 167.6 (+8.4) 530
BMI (kg/m?) 25.3(+4.2) 25.2 (+4.3) 254 (+£4.4) 25.7 (+3.6) 786
VAS at rest (n=221) 39(x£24) 4(+2.1) 3.9(£2.6) 3.4 (x2.3) .350
VAS in motion (n=220) 5.6 (+2.1) 55(x1.8) 5.8 (£2.3) 5.2 (%2.5) 322
Thoracic fractures 92 (40%) 39 (39%) 40 (44%) 13 (33.3%) Sl11
Lumbar fractures 1318 (60%) 61 (61%) 51 (56%) 26 (66.7%) S11
Cement volume (ml) 6.8 (x2) 6.9 (x£1.9) 6.4 (x2.1) 7.4 (+2) 115
Calcium 31 (13.5%) 16 (7%) 13 (5.7%) 2 (0.8%) 234
Vitamin D 78 (33.9%) 30 (13%) 33 (14.3%) 15 (6.5%) 534
Bisphosphonates 32 (13.9%) 12 (5.2%) 12 (5.2%) 8 (3.5%) 417
Denosumab 2 (0.9%) 1(0.4%) 0 1(0.4%) 351
Teriparatid 0 0 0 0 -
Time since Injury 33.9 (+47.1) 8.1 (x£4.3) 28.7(x=7.7) 112.3 (£71.1) -

differences regarding the baseline characteristics between
the three study groups. Of these 230 patients, 92 presented
with thoracic fractures (Th4: 1; Th5: 4; Thé6: 5; Th7: 4;
Th8: 11; Th9: 8; Th10: 4; Th11: 17; Th12: 38) and 138
with lumbar fractures (L1: 63; L2: 25; LL3: 22; L4: 19; L5:
9). Patients received an average of 6.8 ml (+2) of bone
cement during kyphoplasty and were discharged after a
mean of 4.6 (+5.2) days post-operatively.

Radiological outcome after kyphoplasty

For the entire population as well as in each subgroup,
there was a significant improvement in the anterior ver-
tebral body height (AVBH), middle vertebral body height
(MVBH) and LKA post-operatively (Table 2). On average,
the LKA could be corrected by 3.7°, ranging from 1.7°
(chronic group) to 4.3° (subacute group) depending on
the age of the injury. The posterior vertebral body height
restoration was lower than the changes of the other param-
eters in all groups, but still reached significance for the
whole patient collective as well as the subacute subgroup.
In addition, 52/100 patients (52%) from the acute group,
47/91 patients (51.6%) from the subacute group, and 14/39
patients (35.9%) from the chronic group had a restoration
of > 10% in relation to the height of the adjacent vertebrae
in the anterior portion. Inter-rater reliability was generally
high (intra-class correlation coefficient for preoperative
measurements: AVBH 0.97; MVBH 0.95; PVBH 0.89;
LKA 0.96; for post-operative measurements: AVBH 0.93;
MVBH 0.9; PVBH 0.78; LKA 0.95).

Table 2 Restoration of vertebral body height and local kyphotic angle

Parameter  Mean diff. [%]  Standard 95% Confidence p
deviation interval
Lower  Upper
All patients
AVBH 11.3 13.8 9.5 13.1 .000
MVBH 11.9 13.9 10.1 13.7 .000
PVBH 1.8 8.4 i 29 .001
LKA 3.7 5.8 2.9 44 .000
Acute
AVBH 10.8 13.9 8 13.6 .000
MVBH 11.1 13.6 8 13.8 .000
PVBH 14 7.7 -1 2.9 .076
LKA 3.8 5.2 2.7 4.8 .000
Subacute
AVBH 12.9 14.7 9.9 16 .000
MVBH 13.4 13.1 10.7 16.1 .000
PVBH 2 8.1 3 3.6 .024
LKA 43 6.4 3 5.7 .000
Chronic
AVBH 8.9 10.9 5.3 12.4 .000
MVBH 10.7 16.4 54 16 .000
PVBH 2.5 10.8 -1 6 .160
LKA 1.7 53 .03 35 .046

AVBH vertebral body height in the anterior portion; MVBH vertebral
body height in the middle portion; PVBH vertebral body height in the
posterior portion; LKA local kyphotic angle
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Clinical outcome after kyphoplasty

Patients from all groups had significant pain reduction at
rest (all patients: Z-score —10.1; acute: Z-score —7; subacute:
Z-score: — 6.3; chronic: Z-score —3.7; each p <0.001) and
in motion (all patients: Z-score —11.3; acute: Z-Score —7.8;
subacute: Z-score —6.9; chronic: Z-score —4.8; each
p<0.001) 2 days post-operatively (Fig. 3).

In patients with acute fractures, the use of analgesics
according to the WHO pain ladder was significantly reduced
2 days post-operatively (Z-score —2.2; p=0.027) and at the
time of discharge (Z-score —3.3; p=0.001). In the subacute
group, there was a trend towards less use of analgesics 2 days
post-operatively, which was not significant (Z-score —1.6;
p=0.118). At time of discharge, the use of analgesics was
also significantly lower than preoperatively in the subacute
group (Z-score —3.2; p=0.001). For patients with chronic
fractures, there was a trend towards a lower use of analgesics
2 days post-operatively (Z-score —1.4; p=0.177) and at dis-
charge (Z-score —0.5; p=0.642), which was less pronounced
than in the other two groups and did not reach significance.

Two hundred twenty-one out of 230 patients (96.1%) were
fully mobilized (or, in case of pre-existent disability, reached
their preoperative level of mobility) within 1 day after sur-
gery, and 100% of patients were fully mobilized within
5 days. Thirty-five patients (15.2%) had cement leakage on
post-operative radiographs, but none of the affected patients
required any further intervention. Two patients (0.9%) were
monitored on the intensive care unit post-operatively (both
due to respiratory insufficiency), but they recovered without
any sequelae. None of the patients had spinal infections or
fatal complications during the hospital stay.
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Influence of operative timing on height restoration

When comparing the reposition of the vertebral body
between the different groups, patients with an interval of
less than 6 weeks between injury and surgery (i.e. the acute
and the subacute groups) showed a significantly higher
increase in LKA post-operatively than patients from the
chronic group (Table 3). Additionally, there was a trend
towards for a higher restoration of AVBH and MVBH in

Table 3 Comparison of vertebral body height restoration between
groups

Parameter Mean diff 95% Confidence interval  p
Lower Upper
Acute vs. subacute
AVBHR -2.1 -6.2 2 311
MVBHR -24 -6.2 1.5 225
PVBHR -.58 -2.8 1.7 618
LKAR -6 -22 1.1 497
Acute vs. chronic
AVBHR 2 =25 6.4 .385
MVBHR 3 =5 5.7 .899
PVBHR -1.1 -4.3 2.2 510
LKAR 2 1 4 .042
Subacute vs. chronic
AVBHR 4.1 -6 8.7 .085
MVBHR 2.7 2.7 8.1 320
PVBHR -5 -3.9 2.9 167
LKAR 2.6 3 4.9 .027

AVBHR restoration of the vertebral body height in the anterior por-
tion; MVBHR restoration of the vertebral body height in the middle
portion; PVBHR restoration of the vertebral body height in the poste-
rior portion; LKAR restoration of the local kyphotic angle

1l

Acute

M preoperative
M postoperative

VAS in Motion

Subacute Chronic

Fig.3 Pre- and post-operative pain according to visual analogue scale (VAS) at rest (a) and in motion (b) one day before and two days after sur-

gery
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the acute and subacute groups compared to the chronic
group, which did not reach significance. There were no
significant differences between the acute and the subacute
groups. Regression analysis did not show a significant lin-
ear correlation between operative timing and restoration of
LKA (r=—0.66, p=0.318), AVBH (r= —0.048, p=0.469),
MVBH (r=0.013, p=0.845) or PVBH (r= -0.005,
p=0.942).

Discussion

In the present study, we investigated the outcome after
kyphoplasty in patients with VCFs and its dependence on the
timing of the surgery. We could demonstrate that kyphop-
lasty results in a better local height restoration and a bet-
ter reduction of analgesic consumption if performed within
6 weeks after fracture occurrence.

Previous studies have generally shown good pain relief
and a low risk of complications for kyphoplasty [15, 16].
This is supported by the findings of our study, where patients
generally showed significant pain relief on the second post-
operative day. Although cement leakage was radiologically
observed in 14.3% of patients, none of the patients in our
study showed any severe complications such as respiratory
complications resulting from pulmonary embolism. The
general notion that kyphoplasty is a rather minor and well-
tolerated intervention supported by the finding that more
than 96% of patients were already fully mobilized within
1 day after surgery.

Additionally, our findings confirmed those of previ-
ous studies that reported good efficacy of kyphoplasty
in restoring the vertebral body height after fractures [15,
17]. Vertebral body height in the anterior and middle por-
tions improved significantly in all groups by around 11%.
Although 11% might appear rather low at first sight, it
should be noted that the height restoration refers to percent-
age of the expected pre-fracture height of the vertebral body.
The percentage of reposition of the fractured vertebra itself
is consequently higher than 11%. In our study, the relative
vertebral body height of the fractured vertebra was around
69% for both the anterior and middle portion preoperatively.
Thus, a restoration of 11% of the expected normal height
of the respective vertebral body equals a restoration of
35% of the fracture-related deformity. Of note, even in the
chronic group, in which the fracture had occurred more than
110 days ago on average, there was still a significant height
reposition in the anterior and middle portion.

To evaluate the influence of operative timing on the out-
come after kyphoplasty, we divided the patients into three
different groups according to the interval between symptom
onset and surgical treatment. The baseline characteristics of
the patients in the three groups were very similar and did

not show any significant differences, which ensures good
comparability.

Irrespective of the operative timing, patients from all
groups benefitted from significant post-operative pain relief
on the second post-operative day. For the use of analge-
sics, however, we observed differences between the groups.
Patients from the acute group already took significantly
fewer painkillers on the second post-operative day, whereas
for patients with subacute fractures, the difference was only
significant on the day of discharge, but not 2 days after sur-
gery. Patients with chronic fractures also had a trend towards
a lower use of analgesics post-operatively, but, on average,
there was no significant reduction in the use of painkillers
during the time of hospitalization, despite the significant
reduction in pain according to the VAS scale. This observa-
tion might indicate that after taking painkillers for prolonged
periods, patients can get used to them and struggle to stop
their consumption. This is an important point to consider
when deciding upon the optimal timing of surgery because
any painkiller has potential side effects, such as permanent
renal damage for NSAIDs or addiction for opioids. The
results of our study suggest that for a surgery that occurs
later, drug consumption is not only prolonged until the time
of operation, but even further until after surgery. To the best
of our knowledge, no other study has investigated the rela-
tionship between surgical timing and reduction of analgesic
consumption.

The central question in our study was whether the tim-
ing of kyphoplasty influences the achievable restoration
of the fracture-related loss in vertebral body height. This
point is of high clinical relevance because deformity of
the fractured vertebrae can cause various resulting issues.
Due to the kyphotic deformity, the patient’s centre of grav-
ity is shifted anteriorly, leading to higher flexion bend-
ing moments around the apex of the kyphosis, which may
induce pain and further increase the risk of additional frac-
tures [18-20]. Additionally, VCF adverse effects on the
quality of life, physical function, mental health and lifes-
pan are related to the severity of the spinal deformity and
are partly independent of pain [19-21]. Both the acute and
the subacute groups showed significantly better restoration
of the LKA than the chronic group. These findings are
consistent with a previous study that compared the results
in two groups of 20 patients each, which either received
kyphoplasty within 2 weeks or after more than 2 weeks
and reported a better restoration in the first group [20].
However, that study did not further investigate differences
among the patients receiving kyphoplasty after > 2 weeks.
Two further studies including 51 and 36 patients came
to the conclusion that early kyphoplasty within 4 weeks
allows a better alignment than a later intervention [11, 12].
Neither of these studies investigated if there are further
differences between an early and a very early intervention.
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Our results show that patients can still benefit from the
full restoration potential even if the surgery is delayed for
up to 6 weeks. This is of high clinical relevance because
many patients primarily prefer a conservative treatment
approach and 2 weeks might not be enough time for a
final evaluation of this conservative treatment. Two addi-
tional retrospective studies on 72 and 99 patients who were
treated with kyphoplasty also reported better restoration
in patients who were treated within 2 months after injury.
However, one study only reported absolute numbers for
each group itself, but did not statistically examine if the
differences between the groups were significant and there-
fore did not allow any reliable conclusions [22]. The other
study only reported a better preservation of the anterior
vertebral and kyphotic angle in the early group, but did
not find significant absolute differences [23].

Despite our efforts to adhere to a rigorous methodology,
there are some unavoidable limitations of our study. All
radiographic measurements in our study where performed
using plain radiographs, which represents the current clini-
cal standard for routine pre- and post-operative imaging.
However, the precision of measurements of radiographic
parameters on plain radiographs is limited, resulting in a
risk of measurement errors. CT images might theoretically
offer a higher precision. Furthermore, many patients with
osteoporotic fractures do not remember a specific trauma,
which makes it challenging to determine the exact age of
the fracture in some cases. Therefore, we have defined the
time of injury as the time of symptom onset reported by the
patient. Patients who did not report a specific time of symp-
tom onset were excluded from the study. Still, it is possible
that this approach did not result in a correct estimation of
fracture age in all patients. Besides, this study is based on a
retrospective data analysis with no prospective patient ran-
domization. Although our baseline characteristics suggest
good comparability of the three study groups, there might
still be additional factors of bias. To the best of our knowl-
edge, the 230 patients who were included in this study repre-
sent the largest population of such a study to date. However,
the chronic fracture group was rather small with 39 patients.
This is because of the regular treatment algorithms at our
institutions, where we closely follow our patients during the
first weeks and aim to make an early decision about con-
servative versus surgical treatment. Therefore, most patients
that present soon after symptom onset will either undergo
surgery within the first 6 weeks or will continue with con-
servative treatment. It might be conceivable that additional
results could be obtained with larger cohorts. Additionally,
we did not follow patients after discharge. Therefore, it is
not possible to draw any reliable conclusions regarding the
long-term effect of kyphoplasty, including the risk of a loss
of correction or adjacent fractures. Prospective trials with a
longer follow-up will be needed to determine the long-term
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effect of the height restoration achieved by kyphoplasty,
which could not be shown by any study so far.

In conclusion, our results demonstrate that a better cor-
rection of fracture-related kyphotic deformation is possi-
ble if kyphoplasty is performed within 6 weeks after injury
compared to surgery after > 6 weeks. Therefore, we suggest
aiming for a final decision upon conservative or surgical
treatment during that period. However, if patients present
with older fractures, kyphoplasty should still be considered
as an option because significant pain reduction and vertebral
height restoration are possible even after longer periods.
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