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Abstract

Aim Osteoporotic thoracolumbar fractures are of increasing importance. To identify the optimal treatment strategy this
multicentre prospective cohort study was performed.

Purpose Patients suffering from osteoporotic thoracolumbar fractures were included. Excluded were tumour diseases, infec-
tions and limb fractures. Age, sex, trauma mechanism, OF classification, OF-score, treatment strategy, pain condition and
mobilization were analysed.

Methods A total of 518 patients’ aged 75 + 10 (41-97) years were included in 17 centre. A total of 174 patients were treated
conservatively, and 344 were treated surgically, of whom 310 (90%) received minimally invasive treatment. An increase in
the OF classification was associated with an increase in both the likelihood of surgery and the surgical invasiveness.
Results Five (3%) complications occurred during conservative treatment, and 46 (13%) occurred in the surgically treated
patients. 4 surgical site infections and 2 mechanical failures requested revision surgery. At discharge pain improved signifi-
cantly from a visual analogue scale score of 7.7 (surgical) and 6.0 (conservative) to a score of 4 in both groups (p <0.001).
Over the course of treatment, mobility improved significantly (p =0.001), with a significantly stronger (p =0.007) improve-
ment in the surgically treated patients.

Conclusion Fracture severity according to the OF classification is significantly correlated with higher surgery rates and
higher invasiveness of surgery. The most commonly used surgical strategy was minimally invasive short-segmental hybrid
stabilization followed by kyphoplasty/vertebroplasty. Despite the worse clinical conditions of the surgically treated patients
both conservative and surgical treatment led to an improved pain situation and mobility during the inpatient stay to nearly
the same level for both treatments.

Keywords Osteoporotic - Thoracolumbar - Fracture - Treatment - Short-segmental-stabilization

Abbreviations HU Hounsfield unit
OVCF  Osteoporotic vertebral compression fracture of dtd Day of treatment decision

the thoracolumbar spine AG-OF Working Group Osteoporotic Fractures of the
EOFTT Clinical evaluation of the OF-score for therapy Spine Section of the German Society of Ortho-

planning and treatment recommendations for pedics and Trauma

osteoporotic fractures of the thoracolumbar

spine

Introduction
04 Bernhard W. Ullrich Osteoporotic vertebral body fractures of the thoracolumbar
b.w.ullrich@me.com spine (OVCFs) are an increasingly frequent health care

Extended author information available on the last page of the article issue. In Germany, the incidence of OVCFs in the lumbar
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spine among people over 70 years of age increased by
21%, reaching 254/100,000, and the incidence in the tho-
racic spine increased by 32%, reaching 137/10,000 [1].
The optimal treatment strategy for OVCFs has yet to
be identified. A large number of studies have evaluated
conservative treatment as well as operative treatment using
cement augmentation for these fractures [2—4]. Two level
I studies found contradictory results [5, 6]. However, the
number of studies examining posterior fixation of OVCFs
is limited. In summary, the literature does not provide a
clear recommendation for treatment. One of the reasons
for this lack of a clear recommendation may be the insuf-
ficient classification of OVCFs. Several studies examining
the treatment of OVF used the Genant classification [4-6].
Therefore, the stability of the fracture was not sufficiently
considered. In particular, both the involvement of the

posterior ligament complex and the posterior cortex are
not components of the Genant classification.

To solve this problem, in 2018, the Working Group
Osteoporotic Fractures of the Spine Section of the German
Society of Orthopedics and Trauma (AG-OF) published a
classification system for osteoporotic thoracolumbar frac-
tures, i.e. the OF classification [7], which is presented in
Fig. 1.

Additionally, treatment recommendations for each frac-
ture type and the OF score (Table 1) were developed [8].
Posterior stabilization was recommended in unstable frac-
tures, such as OF type 3-5 fractures, depending on the clini-
cal course. To date, several studies have evaluated the treat-
ment of OVCFs using the OF score [2, 9-12], including the
treatment of short- and long-segmental posterior stabiliza-
tions. Recently, OF classifications have gained an increased
level of acceptance [13—15].

Fig. 1 Five types of classification: a and b OF1 No deformation (ver-
tebral body oedema in MRI-STIR), ¢ and d OF 2 Deformation of
one endplate, e and f OF3 Deformation of one endplate with distinct

involvement of the posterior wall, g and h OF 4 Deformation of both
endplates with/without posterior wall involvement, i OF5 Injuries
with tension band failure

Table 1 Osteoporotic Vertebral
Fracture Score (OF score).

The OF classification grade

is doubled and summarized
with the results of the items
on osteoporosis, deformity
progression, pain, neurological
deficits, mobility, and general
health state

Parameter Grade Points
OF-classification (morphology) 1-5 2-10
Severity of osteoporosis T-Score <3 1
Deformity progression Yes/No /-1
Pain (under adequate analgesia) VAS >4/<4 /-1
Fracture related neurological deficit Yes 2
Able to mobilize without help Yes/No -1/

Health status

ASA class >3, BMI <20 kg/m?, nursing Each param-
case, anticoagulation eter — 1; maxi-
mum —2

A score of 0 points is given if a parameter is unknown or not determinable. A score of 0-5 points indicates
conservative treatment, a score of 6 points indicates indifferent, and a score>6 points indicates surgical
recommendation. ASA American Society of Anaesthesiologists, BMI body mass index, VAS visual ana-

logue scale
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With the aim of evaluating the OF-score, the AG-OF
designed the “Clinical evaluation of the OF-score for ther-
apy planning and treatment recommendations for osteoporo-
tic fractures of the thoracolumbar spine” study (EOFTT).

The current investigation focused on inpatient treatment
and clinical results up to discharge and evaluated treatment
modalities with regard to the OF classification and OF-score.

Materials and methods

This study was approved by the research ethics committee
of the Medical Association of Saxony Anhalt Germany (14.
June 2017, file number 31/17) and was performed in accord-
ance with the Declaration of Helsinki. Additionally, each
participating centre had an approval of their regional ethic
committee. The patients were informed about the study and
included in the study only after signing their consent. Data
were collected prospectively and across multiple centres.
The inclusion criterion was hospital admission caused by
acute osteoporotic thoracolumbar fractures. Acute frac-
tures were defined as a fracture that occurred no more than
3 months ago or a fracture with oedema on MRI. Further-
more, patients had to be diagnosed with osteoporosis accord-
ing to WHO criteria, be at least 18 years old. The exclusion
criteria were tumor diseases, infections (e.g. spondylodis-
citis), and limb injuries affecting mobilization or other out-
come parameters.

Data collection was carried out by the participating centre
using a case report form (CRF). The completed CRF was
returned to the central study centre where data processing
was performed. Each participating centre was coded as a
two-digit numeric ID, and each patient was anonymized by
using a two- or three-digit numerical ID (e.g. 01-123).

Diagnosis

The fractures were detected using at least one of the fol-
lowing modalities: X-ray, CT scan and MRI. Epidemiologi-
cal data, such as duration of hospital stay, age, sex, cause
of OVCF (traumatic or spontaneous) fracture, morphology
(OF classification), and fracture level, were recorded.

Osteoporosis was diagnosed following the DVO [16]
and WHO [17] recommendations. For patients older than
75 years of age, no specific diagnosis was necessary. In
younger patients (<75 years), bone quality was evaluated by
either DEXA, g-CT or Hounsfield unit (HU) measurement in
the technique described by Schreiber et al. [18]. Exclusively,
patients with osteoporotic bone quality were included.

For the description of the patients’ ASA classification,
anticoagulation therapy, spinal neurological status (normal,
radiculopathy, paraparesis, cauda equina syndrome) and
dementia were recorded.

The OF-score was assessed at admission, the day of treat-
ment decision (dtd) and discharge.

In cases treated with conservative therapy, the use of
orthoses, physiotherapy and analgesic drugs (WHO scheme)
were recorded.

Surgical therapy was subdivided into four main
categories:

standalone vertebroplasty/kyphoplasty,
short-segmental-posterior fixation (2-segments),
long-segmental (> 2 segments) posterior fixation, and
combined anterior—posterior approach (long and short
segmental posterior fixation).

Ll e

Short-segmental posterior fixation was subdivided into
four categories depending on the augmentation state:

1. augmentation of pedicle screws and fractured vertebral
body (hybrid stabilization),

2. augmentation of pedicle screws without augmentation
of the fractured vertebral body,

3. augmentation of the fractured vertebral body without
screw augmentation, and

4. without any PMMA augmentation.

Additionally, the surgical procedure was subdivided into
two groups based on invasiveness: open surgery (OS) and
minimally invasive surgery (MIS).

Outcomes

The length of hospital stay was recorded in days. Pain was
characterized using the visual analogue scale (0—-10). Mobil-
ity was assessed using an ordinal 5-point Likert scale that
was scored as follows: 1—fully mobile without an assistive
device, 2—wheeled walker or forearm crutches, 3—mobile
with a high walker, 4—bed edge and stand, 5—bedridden
at three time points, i.e. before fracture, admission and
discharge.

Complications were recorded as common complications
(urinary tract infection, thrombosis, embolism, delirium,
pneumonia), surgery-associated complications (mechanical
implant failure, surgical site infection, superficial wound
healing disorder, revision surgery necessary) and neuro-
logical complications (radiculopathy, paraplegia or conus-
medullaris syndrome).

Statistical methods
Differences in gender and the occurrence of trauma in

OF classification were assessed with Chi” tests or Fisher’s
exact text, as appropriate. The correlation between age and
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fracture location with fracture morphology was analysed
with Spearman’s correlation analysis.

The correlation of the severity of fracture morphology
(OF classification) with the scope/severity of treatment was
calculated using Cramer’s V, where values 0.1 indicate small
effects, values of 0.3 indicate medium effects and values
greater 0.5 indicate large effects [19].

Binary logistic regression analyses were performed to
investigate the relation between complications and OF clas-
sification and invasiveness of therapy. The quality of the
model was assessed using Nagelkerke’s pseudo-R?.

The effect of the OF classification on the applied therapy
(surgical or conservative) was assessed using the Chi? test
and contingence coefficient.

Differences in the hospital stay were analysed using the
Mann—Whitney U test. The change in pain and mobility
during the hospital stay and differences depending on the
performed therapy were analysed using a repeated-meas-
ures general linear model. The dependent variables (pain
and mobility) were used as within-subjects factors, and the
selected therapy was used as a between-subjects factor. The
correlation between intervention severity/invasiveness was
assessed with Spearman’s correlation analysis. Differences
in the use of analgesic drugs between therapy types were
assessed using the Chi? test.

Differences in the frequency of complications between
surgically and conservatively treated patients were assessed
using the Chi? test or Fisher’s exact test.

The prediction of surgical complications by OF classi-
fication and the invasiveness of the surgical intervention
was assessed by binomial logistic regression. Both variables
were considered ordinal variables. The reference for the odds
of developing complications was OF1 and vertebroplasty/
kyphoplasty, which were defined as the lowest grade of frac-
ture severity and surgical invasiveness, respectively. The
odds for general complications were also examined using
binomial logistic regression. OF1 was used as the reference
for the odds for OF classification, and conservative treatment
was used as the reference for the selected therapy; both vari-
ables were defined as the mildest level of fracture severity
and treatment invasiveness.

For statistical analyses, SPSS Version 27.0 (IBM Corp.
Released 2020. IBM SPSS Statistics for Windows, Armonk,
NY: IBM Corp) was used with an alpha of 0.05.

Results

Seventeen participating centres (16 German, 1 Swiss) col-
lected data from patients with OVCEF. 689 patients were eli-
gible for the study during the inclusion period. 518 patients
(128 men, 390 women, 75 + 10 years, range 41-97) could
be included in the study.

@ Springer

The diagnosis of fracture was radiologically clarified with
only one imaging modality in 7% of the patients (X-ray: 5%,
MRI: 0.4%, CT: 1.6%). A total of 32% of patients were diag-
nosed using at least two, and 61% of patients were diagnosed
using three imaging modalities.

Sixty-five percent of the patients (n=338) reported a
trauma, while 33% (n=168) reported no trauma. In 2%
of patients (n=12), it was unclear whether trauma had
occurred.

The OVCFs were located between Th2 and L5. The
majority (70%) of the fractures were located at the thora-
columbar junction (Th11l: 6%, Th12: 22%, L1: 30%, L2:
12%). The remaining OVCFs were localized at the mid tho-
racic spine (14%) and the lower lumbar spine (16%).

In 53% (N=276) of the patients DEXA score
(=3.21 £1.15) was obtained. QCT was performed in 28%
(N=147) of all patients (qQCT 62 +24 mgHA/cm?®). The
frequently determination of bone quality was performed
using Hounsfield Units in 81% (N=419) of all patients. A
combination of two or three methods was performed in 54%
(N=2179).

The OF classification ranged from 1 to 5. OF3 was the
most frequent type (42%); OF2 and OF4 fractures were
present in 26% and 27% of patients, respectively; and OF1
and OFS5 fractures were present in 1% and 4% of patients,
respectively. Further information about the distribution of
the OF classification subgroups and the distribution of frac-
ture levels are shown in Table 2 and Fig. 2.

The severity of fracture increased with age (r=0.104,
p=0.018) and more cranial (thoracic) fracture localiza-
tion (r=0.106, p=0.016). Sex (p =0.970) and memorable
trauma (p =0.678) were shown to have no effect on the
severity of fracture morphology.

Fracture—related neurological deficits were found in 12
patients (3%), while eleven patients showed neurological
radicular symptoms and one showed transversal symptoms.

The surgically treated patients had a slightly higher ASA
status than the conservatively treated patients (p =0.028,
r=0.095). Anticoagulation therapy was provided to 163
(31%) patients at admission, with no differences between
surgically (33%) and conservatively (29%) treated patients
(p=0.368). Dementia was diagnosed in a total of 30 patients,
with no significant differences between the treatment groups
(p=0.695). Dependency on nursing was observed in 59
(11%) patients, with no significant differences between the
groups (p=0.770).

Initially, a reduction in OF-score values from admis-
sion to the day of treatment decision (dtd) was observed
(admission: 6.51 +2.48, dtd: 6.38 +2.55, p=0.004). The
OF-score for treatment recommendation at dtd ranged
from O to 13 points. In 49% of patients (n=251), surgi-
cal treatment was recommended, and in 37% of patients
(n=190), conservative treatment was recommended. In
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Table 2 Descriptive parameters of patients with osteoporotic frac-
tures and their therapy

Age mean + sd (min.—max.), (y) 75+10 (41-97)

Male/female (%/%) 128/390 (25%/75%)
Trauma, n (%)
No trauma 168 (33%)
Trauma 338 (65%)
Trauma unknown 12 2%)
Fracture, n (%)
Thoracic spine 72 (14%)
Thoracolumbar junction 365 (70%)
Lumbar spine 81 (16%)
OF classification, n (%)
OF1 3 (1%)
OF2 122 (24%)
OF3 218 (42%)
OF4 152 (29%)
OF5 23 (4%)
ASA classification, n (%)
ASA 1 42 (8%)
ASA 2 188 (36%)
ASA 3 256 (49%)
ASA 4 16 (3%)
Missing ASA 16 (3%)
Treatment, n (%)
Conservative 174 (34%)
Vertebroplasty/kyphoplasty 134 (26%)
Short segmental posterior fixation 159 31%)
Long segmental posterior fixation 34 (7%)
Anterior posterior fixation 17 3%)
Total hospital stay, mean +sd, [d] 10+7

14% of patients (n=74), the OF-score was six, leading to
indifferent therapeutic recommendations. At discharge, the
mean OF-score was 4.8 +2.4 (admission: p <0.001, dtd:
p <0.001). The change in OF-score during the inpatient
stay is shown in Fig. 3 for the surgical and conservative
treatment groups.

Fisher’s exact test showed that OF classification was
a significant predictor of therapy choice (p <0.001). The
higher the OF classification, the more likely surgery was
be performed (contingence coefficient=0.264). Ultimately,
66% of patients received surgical treatment. Table 3 presents
an overview of the relation between OF classification and
therapy choice.

The most common surgical intervention (46%, n=159)
was two-level posterior fixation. Stand-alone kyphoplasty or
vertebroplasty was used in 39% (n=134) of cases. Table 4
provides detailed information about surgical treatment based
on the OF classification. Figure 4 shows an example for each
surgical category.

OF classification
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Fig.2 Histogram of the level of the fractured vertebra and the distri-
bution of the OF classification
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Fig.3 OF-score at admission, day of treatment decision (dtd) and
discharge among patients with osteoporotic spine fractures. Data are
presented as the means and 95% confidence intervals (CI) in grey
for conservatively treated patients and in black for surgically treated
patients

Detailed information about the variation of short segmen-
tal posterior fixation and its combination with or without
screw or index-vertebra augmentations is shown in Table 5.

A total of 310 (90,1%) of 344 surgical procedures were
performed with minimal invasiveness. The invasiveness of
treatment was moderately correlated with the severity of
fracture morphology (p <0.001, r=0.385).
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Table 3 OF classification and

¢ Treatment OF classification Total
performed treatment (surgical or
conservative) for patients with OF1 OF2 OF3 OF4 OF5
osteoporotic spine fractures
Surgical 1 59 145 116 23 344
Conservative 2 63 73 36 0 174
Table 4. Surgical technique Surgical technique categories Invasiveness  OF classification Total
categories used for the
therapy of osteoporotic spine OF1 OF2 OF3 OF4 OF5
fractures. The techniques
are differentiated into open 1. Kyphoplasty/vertebroplasty 1 48 65 20 134
(OS) or minimally invasive 2. Short segmental posterior fixation ~ OS 4 5 6 1 16
surgery (MIS) and for the MIS 7 63 65 3 143
OF classification . .
3. Long segmental posterior fixation oS 7 4 11
MIS 7 10 6 23
4. Anterior posterior fixation oS 2 7
MIS 5 2 10

Fig.4 a and b OF2, fracture with slight deformation without or lit-
tle posterior wall involvement, kyphoplasty was performed because
of drug resistant pain; ¢ and d OF3, fracture with deformation and
posterior wall involvement, short segmental posterior fixation with
augmentation of screws and fractured vertebra (hybrid stabilization)
was performed; e and f OFS, fracture with tension band injury due

e ’

{

h

to fall from bed, multimorbid 87-year-old female, posterior long seg-
mental fixation with screw augmentation was performed; g and h OF
3 fracture due to fall from standing position, 60-year-old surgical stuff
nurse with gCT proven osteoporosis 67 mg Ca hydroxylapatit/cm®,
one stage anterior posterior reduction and fixation was performed

Table 5 The use of

. Augmentation OF classification Total
augmentation (+: use, —: not
used) of screws and/or fractured Screws Fractured OF1 OF2 OF3 OF4 OF5
vertebra in short-segmental vertebra
posterior fixation techniques in
patients with osteoporotic spine + + 4 46 36 5 91
fractures, differentiated for the + — 3 13 23 3 42
OF classification _ + 1 3
— — 6 9 5 1 21

@ Springer
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Conservative treatment was performed in 34% (n=174)
of patients, 94% (n=157) of whom received physiotherapy
and 22% (n=37) of whom received orthotic treatment. In
18% of all conservatively treated patients, a combination of
orthosis and physiotherapy was used.

The conservatively treated patients received lower
amounts of pain medication on the day of the treatment deci-
sion than the surgically treated patients (p <0.001). At the
time of discharge, conservatively treated patients received
44% (n=175) level I pain medication, 33% (n=56) received
level II pain medication, and 23% (n =39) received level 111
pain medication according to the WHO ladder. In contrast,
among surgically treated patients, 24% (n=_80) received
level I pain medication, 40% (n=136) received level II
pain medication, and 36% (n=123) received level III pain
medication.

The mean hospital stay was 10+ 7 d and differed sig-
nificantly between treatment groups (p <0.001). The mean
hospital stay among surgically treated patients (12 +7 d)
was 5 days longer than that of conservatively treated patients
(7£5 d).

During the hospital stay, both treatment groups showed
significant improvement in pain (p < 0.001); patients in the
surgical treatment group experienced better pain reduc-
tion (p <0.001) in comparison with higher initial values
(»<0.001). At hospital discharge, no significant differences
in pain were observed between conservative and surgically
treated patients (p =0.577).

The mobility of patients was significantly better before
fracture emergence than at admission. Mobility was sig-
nificantly worse before intervention in surgically treated
patients than in conservatively treated patients (admission:
p<0.001). The improvement in mobility was significantly
stronger for surgically treated patients than for conserva-
tively treated patients (p =0.007). In both groups, significant
improvement in mobility was achieved (p <0.001). Despite
these findings, the conservatively treated patients showed
significantly (p <0.001) better mobility than the surgically
treated patients at discharge (Fig. 5).

A total of 5 (3%) complications occurred in the con-
servatively treated group, while 46 (13%) occurred in the
surgically treated group (p=0.001). Revision surgery was
necessary in 6 cases (2%); two cases were due to mechani-
cal implant failure, and four cases were due to a surgical
site infection. Details about surgery-associated and general
complications among surgically and conservatively treated
patients are shown in Table 6. In two patients, neurological
deterioration occurred with mild radiculopathy after surgery.
In both cases, no revision was performed due to the mild
degree and spontaneous remission.

Details about common complications are shown in
Table 7. It should be noted that some patients reported more
than one complication.

therapy

w— surgical
conservative

mobilty level (mean £ CL 95%)
v
|

)
|

before fracture admission discharge

Fig.5 Level of mobility using an ordinal 5-point Likert scale (level
1: fully mobile without assistive device, 2-wheeled walker or fore-
arm crutches, 3—mobile with high walker, 4-bed edge and stand, 5—
bedridden) of patients with osteoporotic fractures before the fracture
occurred, at admission and at discharge. Data are presented as the
means and 95% confidence intervals (CI) in grey for conservatively
treated patients and in black for surgically treated patients

Linear regression analysis revealed that OF classifica-
tion was not a significant predictor of surgical complica-
tions (p>0.973) or the invasiveness of surgical treatment
(p>0.469). The model quality was poor (Nagelkerke’s
R*>=0.064).

Regarding general complications, surgical invasiveness
showed no significant difference compared to conservative
treatment (p > 0.113). With poor model quality (Nagel-
kerke’s R2=0. 130), the OF classification showed a signifi-
cant impact on general complications for OF3 (p =0.032),
OF4 (p=0.007) and OF5 (p =0.006) compared to OF1.

Discussion

The treatment of OVCFs remains controversial since very
few recommendations exist [3, 8, 13]. The recently devel-
oped OF-score aims to facilitate the decision of whether to
operate in OVCFs by incorporating radiological and clini-
cal aspects [8]. The presented results of the study “Clini-
cal Evaluation of the OF-score for Therapy-Planning and
Treatment-Recommendations for Osteoporotic Fractures of
the thoracolumbar spine” provide further knowledge regard-
ing the inpatient course.

The most important findings of this study are the distribu-
tion of the fracture morphologies at the thoracolumbar spine
with predominant OF2-4 fractures and only minor numbers
of OF1 and OFS5 fractures. OF4 fractures were relatively
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Table 6 Surgical and general

T . : Treatment Complication OF classification
complications in relation to
OF classification for surgically OF1 OF2 OF3 OF4 OF5 Total
and conservatively treated
patients with osteoporotic spine Surgical Associated with surgery 4 (1%) 4(1%) 103%) 93B%)
fractures General complication 7 (2%) 17 (5%) 14 (4%) 8(2) 46 (13%)
Conservative  General complication 1(0.5%) 2 (1%) 2 (1%) 5(3%)

Table 7 Detailed overview of general complications of conserva-
tively and surgically treated patients with osteoporotic spine fractures

Conservative Surgical
Urinary tract infection 5 28
Thrombosis 0 1
Embolism 0
Delirium 0 16
Pneumonia 0
Total 5 56

common at the mid-thoracic spine and at Th12 and L1. The
therapy strategy was dependent on fracture type. Mainly
conservative treatment and stand-alone cement augmenta-
tion were performed in OF2 fractures. Conservative treat-
ment, standalone cement augmentation and short segmental
stabilization were predominantly performed in OF3 frac-
tures, with a similar distribution between the treatment strat-
egies. Mainly, short-segmental stabilization was performed
in OF4 fractures with an increasing rate of long-segmental
stabilizations, which is equally common to conservative
treatment.

To the authors’ best knowledge, this study is one of the
largest prospective studies of OVCFs in the literature. The
large number of prospectively included patients is compa-
rable to the study published by Reinhold et al. [20]. How-
ever, only a minority of patients in their study suffered
from OVCFs. Similarly, the fracture distribution showed a
bimodal distribution, mainly affecting the thoracolumbar
junction. This is consistent with previous findings on OVCFs
[21]. Schnake et al. [23] included a similar patient cohort but
did not evaluate clinical outcomes.

The OF-score is a dynamic score that is based on pain
situation, grade of mobility and fracture morphology. Thus,
conservative therapy was mainly performed in patients
with stable fractures OF1 and OF2 or in those with higher
fracture severity but rather low pain levels and sufficient
mobility. Thus, patients who were treated conservatively had
either low pain levels at admission or improved after receiv-
ing sufficient pain medication over the first 3 to 5 days. This
can be interpreted, that the OF-score indicates changes in
the clinical course and leads to a separation of the cohort
into two groups. The group with a reduction in OF score
under initial conservative therapy will continue to be treated

@ Springer

conservatively. The group with no reduction in OF score will
receive surgical therapy.

Interestingly, at discharge, there was a persistent and sig-
nificant reduction in the OF-score in both groups associated
with lower pain levels and superior mobility in comparison
to admission status. Thus, the surgically treated patients
had a significantly stronger improvement at discharge than
the conservatively treated patients. Generally, the OF-score
seems to be a useful tool for decision-making leading to an
improvement in the patient condition at discharge for both
conservative and operative treatment.

The treatment strategies performed were in accordance
with the recommendations of Blattert et al. [8]. Patients suf-
fering from stable OF2 fractures received either conserva-
tive treatment or standalone cement augmentation. Herein,
cement augmentation was recommended in patients with
persistent pain and reduced mobility despite sufficient anal-
gesics in accordance with the OF-score [8]. Posterior sta-
bilization is the most commonly used technique in patients
suffering from fractures with a higher degree of instability,
such as type OF3-5 fractures. The equal distribution of con-
servative treatment, standalone cement augmentation, and
posterior short-segmental stabilization in patients with OF3
fractures can be explained by the diversity of these fractures
being comparable to the heterogeneous therapy strategies
in patients with traumatic incomplete burst fractures type
AO Spine A3 [22]. The real fracture instability is depend-
ent on the degree of posterior wall involvement. In contrast,
posterior stabilization is the dominant therapy strategy in
patients with type OF4 and 5 fractures. Both conservative
and surgical treatment led to a significant reduction in pain
and improved mobility during the in-hospital stay. There-
fore, both the pain situation and the level of mobility on
admission were worse in the surgically treated patients. This
is not a surprising finding considering the higher level of
instability seen in those patients.

In comparison to the data presented by Schnake et al.
[23], who prospectively included 707 patients in 2012,
treatment strategies have changed over the years. In com-
parison, a higher rate of patients (82%) were treated surgi-
cally. Therefore, the rate of standalone augmentation was
far higher (66%) than that in our patients (25%). This could
be explained by the fact that the surgical strategies focus on
short segmental posterior fixation for fractures of OF3—-OF5
and more conservative treatment in OF1-OF2 fractures.
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Similarly, Bigdon et al. reported a tendency towards fewer
standalone augmentation procedures over the ten years.
However, this is still an ongoing debate [5, 6].

Considering the 157 patients treated with short-seg-
mental posterior stabilization, the majority of surgeries
were performed via MIS. This is in accordance with the
recommendations published in the literature based on the
lower morbidity and lower blood loss associated with MIS
[24-26]. The dominant treatment strategy in the included
patients was hybrid stabilization, including posterior short-
segmental stabilization and cement augmentation of the
fractured vertebral body. Some authors even report a lower
rate of subsequent fractures with this surgical technique
compared to kyphoplasty standalone, especially for OF2 and
OF3 fractures in the thoracolumbar region [27]. Traumatic
vertebral disc lesions can be neglected in patients suffering
from OVCFs. The intervertebral discs are commonly scle-
rotic, and the dominant trauma mechanisms are low-energy
accidents [28]. Thus, hybrid stabilization in MIS represents
a minimally invasive 360° stabilization performed via an
isolated posterior approach. Interestingly, approximately
one-third of all included patients suffered from atraumatic
OVCEFs. Therefore, the relative rate of atraumatic fractures
was highest at the mid-thoracic spine. Similarly, it has been
shown that higher rates of midthoracic fractures are related
to frailty [29].

Generally, the presented therapy strategy is more aggres-
sive than the strategies published in the literature, with a
predominance of conservative treatment or stand-alone aug-
mentation strategies in OVCFs. Reasons could be the high
demand of the patients and the unrestricted availability of
minimally invasive surgical techniques. Additionally, only
acute fractures in an inpatient setting were included.

Although the overall number of complications was high,
only 2% of surgically treated patients had to undergo revision
surgery. The majority of complications were nonsurgical and
not life threatening and could thus be treated conservatively.
Overall, the number of complications was comparable to or
even lower than that reported in the literature [30, 31].

Limitations

The study has several limitations. Due to the study design
no actual control cohort exists. This limits the assessability
of the therapy decision based on the therapy success. Based
on the results of this study, detailed questions regarding
therapy should be investigated in future prospective rand-
omized trials.

Only data from the inpatient stay were evaluated. Based
on the multicentric approach of the study, the indication
of surgery may differ between the involved centres. Thus,
the individual benefits of each treatment strategy were not
investigated. Additionally, the treatment strategy used might

have been influenced by the patient’s wishes rather than the
recommendation of the surgeons. Detailed data on comor-
bidities were not collected, therefore interactions between
them and complication rates remain unclear. The prospec-
tive, multicentre nature of this study and the sample size of
more than 500 patients are strengths of this study. This study
provided a comprehensive overview of the demographic
situation in the German speaking countries with regard to
the fracture location, fracture severity, and initial treatment.

Conclusion

The OF classification is suitable to indicate the fracture
severity, and it is significantly and positively correlated with
surgical invasiveness. The most commonly used posterior
stabilization strategy was minimally invasive short-segmen-
tal hybrid stabilization. Both conservative and surgical treat-
ment strategies lead to improvements in pain, mobility and
the OF-score during the inpatient stay.
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