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Abstract: Osteoporotic spinal fractures represent an increasingly widespread health problem in our
aging society. We aimed to investigate the treatment options for low-energy spinal fractures in the
elderly and their impact on mortality, focusing on surgical stabilization using minimally invasive
and open techniques. We evaluated 1356 patients over 50 years of age with compression fractures
sustained due to low energy trauma treated at a single trauma center. We compared the mortality
of patients following stable and operated/non-operated unstable compression fractures and the
eligibility to surgery using the open and minimally invasive approach. The patients received
surgical or conservative care according to severity and eligibility to surgery. The mortality hazard
ratio of patients who underwent screw fixation was 1.02 (P > .91), of patients who refused surgery
was 1.68 (P <.001) and that of patients with anesthesiological contraindication was 1.57 (P = .08),
compared to conservatively treated patients with stable fractures. The difference in mortality
between open and minimally invasive surgeries was not significant, but the number of patients
eligible for surgery with the minimally invasive procedure was significantly higher (OR: 0.25; P <
.001). Spinal stability after fractures may be an important predictor of survival in patients with low-
impact fractures.

Keywords: osteoporosis; osteoporotic spine fracture; spine stability; minimally invasive spine
surgery; survival analysis; unstable spine fracture; low-impact compression fracture; fragility
fracture

1. Introduction

Osteoporosis is a condition associated with increased bone demineralisation that is becoming
more prevalent as the population ages.[1] Osteoporosis-related vertebral fractures (OVF) may lead to
a reduction in quality of life comparable to diabetes.[2,3] These injuries negatively affect patients' life
expectancy and the amount of fracture-related deaths is comparable to and in Hungary even exceeds
that of lung cancer, diabetes and chronic lower respiratory disease.[2,4] In the European Union, 22
million women and 5.5 million men had osteoporosis in 2010, resulting in 520,000 new cases of OVF
each year.[5] OVF mostly happen due to banal, low-impact trauma.[6,7] The clinical picture is
distinctive; these fractures occur mostly in patients over 50 years old and are particularly common in
postmenopausal women.[8] In contrast to hip fractures, 90% of which are caused by falls, only 10-
33% of vertebral fractures happen due to falls or other high-energy impacts, and banal activities cause
most OVF: bending, stretching and lifting a light object.[9-12] In clinical practice, we use several
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systems to classify compression fractures to assess their severity and outcome.[13-18] Patients with
severe fractures have a longer recovery time and a higher risk of neurological deficits.[19,20]

In clinical practice, conservative medical management of vertebral fractures is always associated
with bed rest and immobilization. Bedridden living reduces the function of all organ systems to
varying degrees.[21-24] These effects may be more pronounced in elderly patients with poor
recovery. Bone mineral density (BMD) decreases by approximately 2% per week, a particularly
adverse consequence for OVF patients.[21] Muscle strength decreases by 1-3% daily, which translates
into a 10-15% decrease per week. This represents a loss of almost half of normal muscle strength in
3-5 weeks of immobilization.[22] The lack of exercise and bedriddenness combined with pain also
reduces muscle strength in the respiratory muscles and respiratory support muscles, resulting in an
overall reduction in respiratory capacity of up to 25-50%.[23] Mucociliary clearance and phlegm
accumulation due to decreased cough efficiency may be associated with the development of
pneumonia.[24] Depending on the duration of immobilisation, the recovery of ventricular function
may take 20-72 days.[22]

One possibility to accelerate the rehabilitation of unstable fractures is to stabilize the fractured
spinal segment with screw fixation. The main aim of surgical treatment is to stabilize the unstable
structure and prevent the development or progression of neurological deficits. Several surgical
techniques are available, the most common is posterior pedicle screw fixation. This method, which
can be performed minimally invasively, is considered a routine treatment for OVF worldwide. The
instrumentation must involve as few segments as possible to reduce the load on the adjacent vertebral
bodies and the risk of disc degeneration. In short-segment stabilization, only adjacent intact segments
are affected.[25-27]

Percutaneous vertebroplasty is a tool to reduce pain and stop further compression in subacute
and chronic fractures.[28-30] In addition, vertebral augmentation procedures appear to be associated
with prolonged patient survival, according to a study of a large number of Medicare patients in the
USA.[31-33] A small number of case-control studies are available on the impact of stabilization and
PVP on the survival of elderly spinal fracture patients.[34] However, the protocol for the surgical
treatment of spinal fractures varies worldwide, with more than 96% of AO A3 fractures being
surgically stabilized in Germany compared to only 41% in the Netherlands.[35] Patients with
functionally stable compression fractures can begin rehabilitation earlier. This study aimed to
investigate the impact of these procedures on the survival of osteoporotic patients with fragility
fractures due to low-energy trauma.

2. Materials and Methods

In this retrospective study, we analyzed the clinical data of 3409 patients treated for
thoracolumbar vertebral fractures in the largest trauma center in Hungary between November 2014
and October 2019. Each patient's follow-up period began when the CT scan confirmed fracture. The
follow-up period lasted at least one year from CT confirmation for conservatively treated patients,
and at least one year after surgery for surgically treated patients. The time of death of the patients
during the follow-up period was determined based on data from the National Health Insurance Fund
of Hungary. The severity of fractures was determined using hospital documentation and CT scans.
Fractures were categorized using the AO Spine Classification System. The AO system divides
fractures into groups based on morphological features.[36] These fracture subgroups differ in
severity, clinical signs, and outcomes.[37,38] This study aimed to investigate spontaneous fractures
and fractures caused by low-energy impact. As bone mineral density values were not available for
all patients, we inferred the osteoporotic status based on the circumstances of injury, age and
radiographic features.[39] The inclusion criteria for the study were: age over 50 years, low-impact
trauma or spontaneous, and AO A1-A4 compression type fracture. The exclusion criteria were the
absence of CT, malignancy in medical history before and during the follow-up period, and
degenerative spine pathologies, such as ankylosing spondylitis and diffuse idiopathic skeletal
hyperosteosis (Figure 1). The CT scan is not sensitive enough to determine whether a fracture is
unstable or stable in idiopathic skeletal hyperosteosis and ankylosing spondylitis, requiring an
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additional MRI scan.[40,41] A total of 2053 patients were excluded:848 patients were younger than
50 years old, 755 patients older than 50 years sustained high-energy trauma (such as car accidents or
falls from heights), 40 patients due to degenerative spinal diseases, 20 patients due to malignancy,
and 390 patients had no available high-resolution CT scan; therefore, it was not possible to determine
the AO Spine severity (Figure 1). As all AO B- and C-type fractures fell into one of the excluded
groups, 1356 patients with type Al-A4 compression fractures were included in the final study

population.
5 year study period
3409 patients treated with
thoracolumbar spine fracture
Exclusion criteria
50 years > (n = 848)
50 years < with high energy trauma (n = 755)
CT not available (n = 390)
Degenerative spine disorders (n = 40)
Malignancy (n = 20)
Study population
1356 patients with AO A1-A4 fractures
[ - 1
Stable fractures Percutaneous vertebroplasty Unstable fractures
Spine stabilisation by
—» stable PVP (A1-A2): 75 - screw fixation
AO Al (n=741) unstable PYP (A3-A4): 66 A0 A3 (n =301) (n=233)
AQ A2 (n=74) (0= 141) AO A4 (n = 240)

Minimally invasive spine surgery
(MISS)
(n=188)

OPEN surgery

Conservative treatment (n=45)

No indication for screw fixation - A1, A2 (n = 740)
Contraindication to surgery - A3, A4 (n = 196)
Patient refused surgery - A3, A4 (n = 47)

Figure 1. Study design.

The handling of data in our study conforms to the European General Data Protection Regulation
(GDPR). After reviewing the study design, the Ethics Committee of our hospital provided consent
for this retrospective study.

Fractures of type Al-A2 were considered to be functionally stable. The risk of developing
neurological deficits was low. In the case of unstable A3-A4 fractures, there is an elevated risk of
neurological deficit due to the involvement of the spinal canal and immobilization caused by
excessive pain. Stable AO A1-A2 fractures were treated conservatively or with PVP surgery in cases
in which patients reported a visual analog scale (VAS) score of >3/10 pain for weeks into conservative
care. Conservative care was defined as the use of an external brace and adequate pain management
with physiotherapy. All unstable A3-A4 fractures were stabilized by screw fixation if the patient
consented to surgical care, and there were no contraindications to such procedures (Figure 1). Some
patients with unstable fractures do not consent to surgery. Most patients with unstable fractures who
received conservative treatment were deemed unfit for surgery by anesthesiologists. PVP surgery
was performed when an unstable fracture was discovered as an inveterate fracture with a fresh Al-
A2 component, causing unremitting pain (unstable PVP group). (Figure 1).

The study period coincided with the introduction of minimally invasive spinal stabilization at
the trauma center. Patients requiring screw fixation were operated on with the open surgical
technique during the first two years of the study period (November 2014 to October 2016) and solely
with the minimally invasive (MISS) technique during the last two years (November 2017 — October


https://doi.org/10.20944/preprints202306.1219.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 16 June 2023 doi:10.20944/preprints202306.1219.v1

2019). Open and minimally invasive surgeries were performed in the third year, between November
2016 and October 2017. These surgeries were performed by the same staff in the same environment,
and the characteristics of the patient population were homogenous during these five years. We
compared the accessibility to surgical screw fixation in the first and last two years assuming no other
difference in the underlying population compared to the surgical technique.

The survival probabilities of the OPEN versus MISS surgery groups (Model 1) and
conservatively treated stable fracture patients versus unstable fracture subgroups (Model 2) were
compared using Cox proportional hazard models. As predictors, the stabilization technique type was
used in Model 1, whereas fracture type and treatment modality were used in Model 2. A logistic
regression model was fitted to the data (with a log link function) to assess the probability of being
operated during the OPEN versus MISS periods (model 3). We used the treatment modality
(conservative versus stabilization) as the outcome variable and treatment during the OPEN or MISS
period as predictors. We also controlled for the effect of predictors of age, sex (all models), and days
to treatment (in cube root transformed scale; Models 1 and 2) as possible confounders. No relevant
and significant interaction or nonlinearity was detected; therefore, it was not included in the final
models. Statistical analyses were performed using the R (R Core Team 2021) and, survival (Therneau,
2023) and survminer (Kassambara 2021) packages.

3. Results

A total of 3409 thoracolumbar fracture patients were treated in our hospital ward during the five
years included in the study. Among these patients, 1356 (39.8%) met the inclusion criteria. The study
group included 1071 women (79%) and 285 men (21%) with a mean age of 74.5 (SD = 10.5) (Table 1).
This extreme disproportionality of sex distribution is not unusual in the literature of osteoporotic
fractures.[1] Vertebral fractures were identified as compression fractures of the AO Al (n=741), AO
A2 (n=73), AO A3 (n=301), and AO A4 (n=241) types. Surgical treatments included percutaneous
vertebroplasty in 141 patients and transpedicular screw fixation in 233 patients. The median times of
hospitalization for unstable (AO A3-A4) and stable (AO A1-A2) fracture patients were 4 (IQR, 5) days
and 2 (IQR, 3) days, respectively. The median hospitalization time for the entire dataset was 3 days

(IQR, 2).

Table 1. Descriptive statistics.

Overall
(N=1356)
Sex
female 1071 (79.0%)
male 285 (21.0%)
Age [years]
Mean (SD) 74.5 (10.5)
Median (Q1,Q3) 75.1 (66.4,82.2)
Min, Max 50.2,97.8
HOSPITALIZATION TIME [days]

Mean (SD) 3.40 (3.48)
Median (Q1,Q3) 3.00 (2.00,4.00)
Min, Max 0,26.0

AOSPINE
Al 741 (54.6%)
A2 73 (5.4%)
A3 301 (22.2%)
A4 241 (17.8%)

TIME TO TREATMENT [days]
Mean (SD) 20.7 (61.1)
Median (Q1,Q3) 3.00 (0,14.00)
Min, Max 0, 1100

FOLLOW UP TIME [days]
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5
Mean (SD) 932 (577)
Median (Q1,Q3) 879 (482,1350)
Min, Max 8, 2280
STABILIZATION TECHNIQUE
MISS 188 (13.9%)
OPEN 45 (3.3%)
not stabilized 1123 (82.8%)
STABILIZATION TECHNIQUE PERIOD [treated patients]
MISS (last two years) 682 (50.3%)
OPEN (first two years) 454 (33.5%)
OPEN and MISS (year in between) 220 (16.2%)
STABLE OR UNSTABLE
A1A2 (stable) 814 (60.0%)
A3A4 (unstable) 542 (40.0%)
COMPARISON SUBGROUPS
Stable fracture, not operated 739 (54.5%)
Stable fracture, PVP 75 (5.5%)
Unstable fracture, contraindication to surgery 196 (14.5%)
Unstable fracture, refused surgery 47 (3.5%)
Unstable fracture, PVP 66 (4.9%)
Unstable fracture, stabilization by screw fixation 233 (17.2%)

The unstable (A3-A4) fracture group accounted for 542 patients: 233 (43%) fractures were
stabilized with screw fixation, 66 (12%) patients underwent PVP surgery, and 243 (45%) patients
received conservative care:196 (36%) received conservative care because of contraindications to
surgery or general anesthesia, and 47 (9%) patients refused screw fixation surgery despite being
physically eligible for operative care. We compared the mortality hazard ratios (HRs) of each
subgroup with stable and conservatively treated fractures. In the case of stable fractures, the MHR
following PVP treatment was 0.55 (CI 0.31 to 0.99; P=.05). In the case of unstable fractures, patients
treated conservatively due to contraindication to surgery had an MHR of 1.68 (CI 1.33 to 2.12; P<.001).
Unstable fracture patients who refused surgery had an MHR of 1.57 (CI 0.96 to 2.56; P=.08). After
stabilisation by transpedicular screw fixation, unstable fracture patients had an MHR of 1.02 (CI 0.74
to 1.41; P>.91), nearly identical to the stable group (Figure 2). Regardless of the treatment modality,
male patients had a significantly higher MHR of 1.85 (CI 1.50 to 2.27; P<.001) than female patients.
After correcting for multiplicity (Dunnett’s method), the statistical decision only differed between the
stable PVP group and the reference stable conservative group; the difference in mortality was not
significant (P=.17).
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Variable (sample size) Mortality Hazard Ratio (95% confidence intervals)

Treatment Stable, conservative (N=739) reference H

0.55

Stable, PVP (N=75) i
(0.31-0.99)
1.68
Unstable, contraindication to surgery (N=196) —
(1.33-2.12)
1.02
Unstable, stabilization by screw fixation (N=233)
(0.74-1.41)
0.79
Unstable, PVP (N=66) i
(0.46-1.34)
{1E57
Unstable, refused surgery (N=47) il
(0.96- 2.56)
0.95
Days to treatment (transformed scale) (N=1356) HilH
(0.88-1.03)
1.07

N=1356) | |
Age ( ) (1.06-1.08)
Sex female (N=1071) reference [l

1.85
male (N=285) ——
(1.50- 2.27)
05 1 2

Figure 2. Mortality hazard ratios represented on Forest plot.

Cox model-based survival curves showed that the survival of patients with stabilized unstable
fractures was nearly identical to that of patients with stable fractures. In contrast, the conservatively
treated unstable group had clinically relevant lower long-term survival rates (Figure 3).

o

o 1
P

06

Survival Probability
04

0.2

Stable Conservative Stable Conservative
— Unstable Contraindication ~— Unstable Contraindication
Unstable Stabilization Unstable Stabilization
— Unstable Refused Surgery — Unstable Refused Surgery
T

0.0

o 1 2 3 4 ] 1 2 3 4

Survival time (years) Survival time (years)

Figure 3. Survival probabilities in relation to survival time, visual representation of the statistical
model.

Regarding the comparison of the surgical screw fixation techniques, we found that in the first
two years (OPEN period), we treated 124 patients with unstable A3-A4 fractures and 45 (36%) could
receive surgical screw fixation. In the last two years of the observation period (MISS period), we
treated 288 patients with unstable thoracolumbar fractures, and 188 (65%) underwent surgical screw
fixation. The average age of operated patients was 67.44 (SD = 9.07) years for OPEN and 72.24 (SD =
8.76) years for MISS. Age (OR 0.87; CI 0.82 to 0.88; P<.001) and, more importantly, the stabilization
technique (OR 0.25; CI 0.08 to 0.26; P<.001) were significant in determining whether the surgery
occurred. The patient’s sex did not significantly influence the odds of surgical care (OR 0.87; 0.39 to
1.44; P=.58). Figure 4 illustrates the odds ratio of surgery relative to patient age for the OPEN and
MISS techniques. We also observed a considerable difference in the recovery length between the two
techniques. The median time of hospitalization after open surgery was 10 (IQR 7) and after minimally
invasive surgery, it was 6 (IQR 4). We also compared mortality following stabilization with either the
MISS or OPEN techniques and found no significant difference (OR 0.91; CI 0.44 to 1.89; P=.79).
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Figure 4. Surgical technique and the probability of surgical care in relation to the patients’ age.

4. Discussion

Contrary to previous publications, our study emphasizes the structural and functional stability
of fractures, treatment modalities, and their influence on mortality.[6,20,42-44]

We investigated how severity (AO Spine Classification) and consequent treatment influence the
mortality of fragility fracture patients.[36,45-48] The data on the association between fracture severity
and survival are scarce in the international literature. Our own data and statistical analysis showed
that the severity of the fracture, degree of instability, and restoration of spinal stability might
influence patient survival. Stable fractures (AO A1-A2) and fractures stabilized using the MISS or
OPEN technique, both in women and men, had significantly better survival rates than unstable A3-
A4 fractures left unoperated. The indications for percutaneous vertebroplasty (PVP) are severe and
focal spinal pain without radicular symptoms.[49] We used PVP for acute A1-A2 fractures with a
VAS score > 3/10, and when the A3-A4 unstable fracture was discovered as an inveterate fracture
with a fresh component causing unremitting pain. We found significantly better MHR in the stable
A1-A2 group after PVP and no difference in the unstable PVP group compared to the stable
conservatively treated patients.

According to Cooper, osteoporotic vertebral fractures are less the cause of death, rather a
consequence of comorbidities that independently increase the mortality hazard.[50] Our own clinical
results contradict this, since the two non-operated unstable fracture groups, which refused surgery
and that of anaesthesiological contraindication, had nearly identical MHR. However, the surgically
stabilized group had a more favorable MHR than the stable fracture group. Therefore, we conclude
that, in addition to comorbidities, unstable fractures and the resulting pathological conditions have
a negative impact on survival.

Regarding surgical techniques, minimally invasive percutaneous pedicle screw fixation yields
similar results to those of traditional open surgery and has the advantages of less trauma, bleeding,
pain, and rapid postoperative recovery.[51,52] The percutaneous approach presents better results for
some clinical and radiological outcomes than the open approach and even reduces the complication
rate.[53] According to our results, the operative technique is less of a modifying factor, and the
resulting spinal stability plays a more important role in survival. No significant difference was found
between the survival of patients who underwent MISS and those who underwent OPEN procedures.
Furthermore, our data show that using the MISS procedure, a higher number of patients with an
older average age was more suitable for general anesthesia and surgery than the OPEN procedure.
The rate of unstable fractures was much higher in the MISS group, especially in patients aged > 70
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years. We also observed a considerable difference in the length of hospitalization between the two
techniques. After OPEN surgery, the median hospitalization time was 4 days longer than that of the
MISS procedure.

Regarding hip fractures, it has been shown multiple times that early surgery might result in
early mobilization and lower 1-year mortality.[54] According to Colais et al, the survival of patients
operated within two days for hip fracture had a significantly better 1-year survival than patients
operated later or not at all. In our study, we obtained similar results for unstable thoracolumbar spinal
fractures stabilized by surgery and not operated unstable fractures.[55]

5. Conclusions

Based on our results, we conclude that there is a correlation between spinal fracture severity
(AO fracture subtype), structural stability, and survival. The survival rate of patients who had an
unstable fracture but were surgically stabilized was nearly identical to that of patients with stable AO
A1-A2 fractures. Patients who refused surgical screw fixation had a clinically relevant lower mean
survival rate, although the difference was not statistically significant. The MISS and OPEN surgical
techniques used for stabilization produced nearly identical results in MHR. The difference lies in the
lower complication rates and higher number of patients eligible for surgery using the minimally
invasive approach.

6. Limitations

This study had several limitations. Our retrospective observational results did not examine
independent mortality risks due to individual patient comorbidities. This was somewhat
compensated by the large study population and the fact that we could explore many cases from
virtually all age groups between 50 and 99 years. Another limitation of our OPEN vs. MISS
comparison was that the OPEN group was considerably smaller than the MISS group (n=45 and 188,
respectively). Moreover, our mortality data did not distinguish between deaths directly related to
thoracolumbar fractures and deaths from unrelated causes.

Survival is not the only or most critical outcome for frail elderly patients. Our dataset did not
include important patient-reported outcome measures such as quality of life, loss of independence,
socioeconomic burden, or human flourishing. Further prospective studies are needed to establish the
impact of spinal stabilization on survival and confirm our results.
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