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Abstract
Study Design: Prospective cohort study.

Objectives: Management of osteoporotic vertebral compression fracture (OVCF) remains an unsolved problem for a spine
surgeon. We hypothesize that instability at the fracture site rather than neural compression is the main factor leading to a
neurological deficit in patients with OVCF.

Methods: In this study, the prospective data of patients with osteoporotic fractures with incomplete neurological deficits from
January 2015 to December 2017 was analyzed in those who underwent posterior instrumented fusion without neural
decompression.

Results: A total of 61 patients received posterior indirect decompression via ligamentotaxis and stabilization only. Of these 17
patients had polymethylmethacrylate (PMMA) augmented screws and in 44 patients no PMMA augmentation was done. The mean
preoperative kyphosis was 27.12° + 9.63°, there was an improvement of 13.5° + 6.87° in the immediate postoperative period
and at the final follow-up, kyphosis was 13.7° + 7.29° with a loss of correction by 2.85° + 3.7°. The height restoration at the final
follow-up was 45.4% + 18.29%. In all patients, back pain was relieved, and neurological improvement was obtained by at least |
American Spinal Injury Association Impairment Scale in all except 3 patients.

Conclusion: We propose that neural decompression of the spinal cord is not always necessary for the treatment of neurological
impairment in patients with osteoporotic vertebral collapse with dynamic mobility. Dynamic magnetic resonance imaging is a
valuable tool to make an accurate diagnosis and determine precise surgical plan and improving the surgical strategy of OVCF.
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compression by retropulsed bone fragments in the spinal
canal, progression of kyphotic deformity and instability at the
fracture site. Most of the authors have stressed the importance

Introduction

Osteoporotic vertebral compression fracture (OVCF) remains
an enigma for a spine surgeon. The ability of the osteoporotic
fragile bone to optimally hold spinal implants is doubtful.
Hence, the question of how to improve surgery for osteo-
porotic vertebral collapse accompanied by paraparesis
remains unanswered and is a topic of discussion even today.
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Figure |. Flowchart: selection and inclusion of patient data set.

of neural decompression, which is achieved by either an ante-
rior or posterior approach or by a combined anterior plus
posterior approach.'™®

Previously published literature reports that fractured verteb-
rae gradually undergoes remodeling and normal anatomy of the
spinal canal is regained with time.”* Hence the role of neural
decompression to increase the area available for neural ele-
ments within the spinal canal is debatable. We evaluated
patients presenting with OVCF with dynamic Magnetic reso-
nance imaging (MRI) and hypothesized that instability at the
fracture site rather than neural compression is the main factor
leading to neurological deficits in patients with osteoporotic
thoracolumbar vertebral collapse and have performed posterior
instrumented fusion without neural decompression. Through
this study, we aim to analyze functional outcomes of treating
osteoporotic thoracolumbar fractures with incomplete neurolo-
gical deficits by posterior instrumentation without neural
decompression.

Materials and Methods

This prospective study was conducted in the department of
spine services at a tertiary care spine institute. Approval from

the institutional review board and institutional ethics commit-
tee was taken before commencement (ISIC/RP/2015/014).
Data of patients with osteoporotic fractures with neurological
deficits from January 2015 to December 2017 was analyzed.
Surgical indication for this study was vertebral collapse or
compression in the thoracolumbar spine with neurologic deficit
with or without bowel and bladder involvement and with com-
pression over the spinal cord on MRI. Every patient had body
collapse at one or more vertebral body level.

Consecutive patients with confirmed osteoporosis with
BMD (bone mineral density) <2.5,* neurological deficits with
or without bowel and bladder involvement previously not on
antiosteoporotic treatment who underwent posterior only
approach with fixation without neural decompression with a
minimum follow-up duration of 2 years were included in the
study. Dual-energy X-ray absorptiometry (DEXA) was used to
measure BMD at the lumbar spine (L1-L4), hip and forearm (3-
site DEXA scan) and a 7T-score <2.5 SD at the femoral neck as
defined by the World Health Organization was one of the pre-
requisites for inclusion in the study. Patients with fractures
caused by any diagnosis other than osteoporosis (metastasis,
tumor, infection, etc), those who have sustained high energy
injury, those who were operated previously for osteoporotic
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Figure 2. Representative image showing flexion (A) and extension (B)
protocol of dynamic magnetic resonance imaging (MRI) of thoraco-
lumbar spine. (C) Wedge-shaped bolster used for positioning in
dynamic MRI.

S

fractures, or those with incomplete records were excluded (Fig-
ure 1). Demographic data of all the patients, including age,
sex, comorbidities, and medications that can lead to second-
ary osteoporosis, the number of vertebrae fractured, and lev-
els involved were collected. Postoperatively, the
antiosteoporotic treatment taken by all patients and the inci-
dence of new-onset fractures were also taken into consider-
ation during follow-up. Information regarding surgical
technique, including levels of fixation, mode of stabilization,
use of cement augmentation for the fractured vertebral body,
use of cement augmentation for pedicle screw insertion was
assessed and a case report form was prepared. Instrumentation
related complications like screw cut out, implant loosening,
rod breakage, and also adjacent segment fractures/degenera-
tion were assessed. Pre- and postoperative neurologic status
and neurologic status at the final follow-up were assessed
using International Standards for Neurological Classification
of Spinal Cord Injury (ISNCSCTI).’

Figure 3. Dynamic lateral radiographs (flexion—A; extension—B)
showing osteoporotic fracture of T12 vertebra with dynamic spinal
cord compression seen on dynamic magnetic resonance imaging
(flexion MRI—C; extension MRI—D). Spinal compression due to bony
protrusion into the canal on flexion and restoration of cerebrospinal
fluid column in extension can be appreciated.

Radiological Examination

Preoperative plain radiographs, DEXA scan, and MRI were
taken for all patients (Model: 1.5 Tesla Magnetom Avanto,
SIEMENS Equip ID: 1007694 794). All the patients were
evaluated by dynamic MRI (dMRI) (flexion and extension pro-
tocol) under supervision as shown in Figure 2 to establish the
dynamic nature of spinal cord compression (Figure 3). In all
patients, MRI showed the compression of neural tissues by a
protruding bony fragment to a variable extent on dynamic
imaging. MRI can identify vertebral body edema, which may
be unrecognized in conventional radiographs, hence it proves
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Figure 4. (A) Method of Leiberman: % height improvement = postkyphoplasty % (2/1 x 100) — prekyphoplasty % value (2/1 x 100) <+ 100% —
prekyphoplasty % value. (B) Cobbs method for measuring focal kyphosis angle, angle between superior end plate of upper normal vertebra and

inferior end plate of lower normal vertebra.

to be a sensitive tool. It is also useful in patients with chronic
persistent pain and will show a typical fluid signal within the
vertebral body diagnostic of pseudoarthrosis. The presence or
absence of spinal canal compression was also assessed in flex-
ion, neutral and extension positions of MRI and compared. In
most patients, short tau inversion recovery (STIR) sequences
are sufficient. Plain radiographs were reviewed before surgery,
immediately after surgery, and at 3- to 6-month intervals after
surgery up to the latest follow-up. The local kyphosis angle was
measured as the angle between the lower endplate of the unin-
volved vertebrae above the fractured level, and the upper end-
plate of the uninvolved vertebra below the fractured level.
Restoration of kyphotic angle (difference in preoperative and
postoperative angle of the focal kyphosis) were measured along
with loss of vertebral height at the end of 1 year follow-up.
Vertebral height restoration on lateral plain radiographs as
described by Leiberman et al'® as percentage restored in the
preoperative period and immediate postoperative period and
follow-up as described in Figure 4. The neurological deficit
in patients with compression on dynamic MRI and those with

compression on static MRI was compared using ASIA (Amer-
ican Spinal Injury Association) motor score. The recovery rate
of ASIA score is defined as [ASIA score at time of latest
follow-up — Initial ASIA score]/50 — Initial ASIA score as
described by Zhang et al.'' Cement leak, recollapse, and adja-
cent segment fracture were noted. In the majority of cases, the
degree of posterior cortex lesion can be evaluated sufficiently
by MRI and conventional radiographs.

Surgical Technique

All patients were operated in a prone position under general
anesthesia. A standard posterior midline approach was taken.
Pedicle screws were inserted by freehand technique under
fluoroscopic guidance. The decision of whether to augment the
screw with cement or not was taken by the operating surgeon
depending on the subjective assessment of the bone quality as
per insertional torque. Posterior instrumentation without neural
decompression was done in all cases. We did not perform
laminectomy in any patient included in this series.
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Figure 5. Radiographs (A, B) and computed tomography (CT) scans (sagittal—C; axial—D) of a 6|-year-old woman with fracture T12 with
incomplete neurology with canal compromise evident on CT and neutral magnetic resonance imaging (MRI) (E). The dynamic nature of
compression on spinal cord can be appreciated on flexion MRI (F) and canal clearance on extension MRI (G). Immediate postoperative images
(H, 1) and 2-year follow-up images (J, K) showing cement augmented long segment fixation.

Vertebroplasty augmented pedicle screws were inserted in  reduction of the retropulsed fragment was attempted by posi-
select cases (Figure 5). Vertebroplasty was performed in tioning and intraoperative ligamentotaxis only, using minimal
patients in whom vertebral cleft was evident on postural reduc- force to fix the connecting rods in-situ to position obtained.
tion and fracture segment screw was not inserted. The There was no attempt to actively correct either kyphosis or
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vertebral height by applying force to the implant or manual
corrective adjustment. The preoperative dynamic MRI
revealed amount of passive correction of the alignment of the
thoracolumbar spine, which was evident on positioning the
patient prone intraoperatively. The rod was contoured to suit
the regional spinal alignment and fixed in situ as per the pos-
tural reduction. This is especially important in an osteoporotic
spine where applying reduction force on pedicle screws may
cause loosening. The closure was done in layers with a negative
suction drain.

Patients were mobilized on the second postoperative day as
per pain tolerance. Drain removal was done when output fell
below 50 mL. The follow-up was done at 2 weeks, 3 months, 6
months, 1 year, and 2 years. Postsurgery antiosteoporotic treat-
ment was started in all patients.

Statistical Analysis

SPSS software version 25 (IBM SPSS, IBM Corp, 2017) was
used for statistical analysis. The results were represented in
terms of mean and standard deviation. A P value of less than
.05 was considered statistically significant. This study com-
pares pre- and postoperative data for kyphosis angle and ver-
tebral height restoration. We used ¢ test to compare the results
of preoperative kyphotic angle, immediate postoperative
kyphosis, and follow-up period. McNemar test was used to
compare spinal cord compression on flexion and extension
MRI. Correlation between preoperative kyphosis and percent-
age change in height restoration was done using Pearson’s
correlation (R = 11.92%, P < .05). Nonparametric statistical
analysis (ie, median values for 2-group comparison and Fish-
er’s test for categorical variables) was performed considering
the relatively small sample size.

Results

In this study, 63 patients received posterior indirect decompres-
sion via ligamentotaxis and stabilization only. Two patients
were excluded as they required revision surgery due to implant
failure. Of these, 21 were males and 40 were females. The
mean age was 70 years (age ranged from 41 to 87 years). The
follow-up period ranged from 2 to 4 years. Only patients with a
minimum follow-up period of 2 years were included. All
patients had a 7 score <2.5. The mean T score in our series
was —2.8 (range —2.5 to —5.8).

No obvious history of injury was given by 38 patients and
they reported spontaneous onset of low back pain progressive
in nature. Twenty patients had a trivial fall and 3 patients
reported a fall from height. The age at injury (acute/subacute/
chronic) could not be established based on the available history
as majority of the patients did not have any significant trauma
prior to onset of symptoms. Seven patients had fractures at
more than 1 vertebral level. The distribution of fracture levels
showed maximum fractures at T12 vertebra followed by L1
vertebra, T11 vertebra, L2 vertebra, and T10 vertebra. Except
for 3 patients all the patients had comorbidities owing to the

Table |. Demographic Data and Statistical Analysis of the Patient
Population.

Variable Improved  Not Improved P
Gender (n = 61) .852
Male (n = 21) 20 |
Female (n = 40) 38 2
BBI involvement (n = 22) 18 4 <.000%*
Functional status <.000%*
Walker (n = 22) 22 0
No walker(n = 39) 36 3
Trauma (n = 23) .564
Fall from minor height 3 |
Trivial fall 19 |
Vertebral level 473
TIO (n =2) 2 —
Tl (n=9) 9 —
TI2 (n =23) 22 |
LI (n = 20) 18 2
L2 (n=7) 7 —
Steroid (n = 6) 5 | 753
Levels fixation .555
Long (n = 38) 36 2
Short (n =23) 22 |
Cement augmentation 821
Long-segment PMMA Il |
Short-segment PMMA 6 |

Abbreviations: BBI, bowel and bladder involvement; T, thoracic; L, lumbar;
PMMA, polymethylmethacrylate.

age or preexisting diseases. Nearly half the patients had coex-
isting hypertension and type 2 diabetes mellitus (n = 29).
Hypertension was present in 36 patients and 7 patients had
hypothyroidism. All the patients had low back pain localizing
to the thoraco-lumbar region and low-lumbar region, and weak-
ness in lower limbs with difficulty in walking. Bowel and
bladder involvement (incontinence, urgency, frequency, hesi-
tation) was present in 22 patients (Table 1). In 6 patients, the
most likely cause for osteoporosis was steroid intake. The
patients had coexisting diseases requiring long-term adminis-
tration of steroids.

The mean preoperative kyphosis was 27.12° + 9.63° (range
9° to 50°) as measured from the upper endplate of the upper
normal vertebra and lower end plate of the lower normal ver-
tebra using Cobb’s method. There was an improvement of an
average of 13.5° + 6.87° (range 0° to 32°) in the immediate
postoperative period (13.7° +7.29°) (range 2° to 44°) and at
the final follow-up kyphosis was (16.67° + 6.87°) (range 11°
to 29°) with a loss of correction by 2.85° + 3.7° when com-
pared with immediate postoperative period. Thus, the mean
change in the local kyphosis angle in preoperative and imme-
diate postoperative demonstrates the marked instability at the
collapsed vertebrae. Spinal canal compression anteriorly was
majorly due to bone fragments was shown on MRI. The height
restoration at the final follow-up was 45.4% =+ 18.29% with a
range of 0% to 78%.

Seventeen patients received polymethylmethacrylate
(PMMA) augmentation screws (long-segment fixation n =
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Table 2. Preoperative and Postoperative Neurological Status at
Follow-up.

ASIA
Impairment Patients, Postoperative Postoperative Postoperative Postoperative
Scale grade n B C D E
Preoperative
B 6 2 0 4 0
C 33 0 | 7 25
D 22 0 0 0 22
Total 6l 2 | I 47

Abbreviation: ASIA, American Spinal Injury Association.

12, short-segment fixation n = 5) and the remaining 44 patients
did not need PMMA augmentation (long-segment fixation n =
26, short-segment fixation n = 18). Vertebroplasty was per-
formed in 5 patients of long-segment fixation (n = 38) and 8
patients with short-segment fixation (n = 23) in whom verteb-
ral cleft was evident on postural reduction and fracture segment
screw was not inserted. A total of 22 patients improved from
AIS (ASIA Impairment Scale) grade D to E, 25 from grade C to
E, 7 from grade C to D, and 4 patients improved from grade B
to D (Table 2). In 2 patients with grade B and 1 with grade C,
there was no change in neurological status. Using Fisher’s
exact test, the correlation between long- or short-segment fixa-
tion and improvement in neurology was done, which was found
to be not significant as seen in Table 1.

In the present study, all the patients showed spinal cord
compression on flexion MRI, which was not relieved on exten-
sion protocol MRI as evident by restoration of spinal alignment
and cerebrospinal fluid (CSF) column. A total of 65.56% (40/
61) patients did not show any significant compression on neu-
tral MRI. Based on McNemar test, the prevalence of compres-
sion was higher in flexion position as compared with extension
position. (P < .001). The mean ASIA motor score in patients
with compression on dynamic MRI improved from 23.7 + 4.3
to 39.0 + 6.1. The mean ASIA motor score in patients with
compression on static MRI improved from 21.2 + 3.4 to 36.8
+ 7.0. The difference in neurological recovery between these 2
groups was not statistically significant.

There were 2 episodes of wound dehiscence, which healed
by secondary suturing and 2 cases of screw pull out, 1 in the
cement augmented group (Figure 6). These cases were man-
aged by adding another fixation level and were excluded from
the study. Rod breakage was seen in 1 case with no subsequent
new-onset neurological deficits (Figure 7). Subsequent adja-
cent vertebral compression fractures developed in 19 patients
after surgery at latest follow-up, which were managed nono-
peratively. No patients complained of residual back pain at the
final follow-up.

Discussion

Osteoporosis is a skeletal disease with the characteristic feature
of low bone mass leading to a micro architectural deterioration
of bone.'? This increases the risk of fracture even with a trivial
injury. The clinical and radiologic appearances of fractures in

the osteoporotic spine are different from those of a healthy
spine. OVCFs are increasingly being recognized as an impor-
tant health care issue because these fractures can result in sig-
nificant morbidity and even potential mortality. The burden of
OVCEF is going to increase drastically given the demographic
changes leading to an aging society with an increased life
span.'® Most of these fractures may heal, but 15% to 35% may
lead to adverse outcomes.'? These include chronic pain, poor
chest function, decreased appetite, kyphotic deformity, fatigue,
and neurological deficit with its resultant immobility. Also,
prolonged bed rest while the fracture heals may be associated
with problems of recumbency like a pressure sore. The lower
thoracic spine and thoracolumbar junction are the regions
highly susceptible to vertebral fractures. These areas account
for 60% of such lesions."?

Benign osteoporotic compression fractures without any neu-
rologic deficits are stable by nature. They involve only the
anterior column of the vertebral body. These injuries usually
result from axial compression load without shear, translational,
or rotational force. Therefore, nonoperative treatment in form
of brace wear, analgesics, mobilization as per the pain protocol
along with medical management of osteoporosis is considered
as the initial treatment of choice."* Incomplete neurological
deficits following a vertebral collapse in the osteoporotic thor-
acolumbar spine can be caused by neural compression due to
retropulsed bone fragments in the spinal canal, progression of
kyphosis, and instability at the fracture site.'> The neurologic
deficit can range from acute paraplegia (usually after an
acute crush fracture) to delayed onset of insidious paraparesis.
The latter phenomenon is usually caused by the delayed
vertebral collapse and progressive kyphotic deformity.
Patients with unstable fractures, chronic pseudoarthrosis, neu-
rological deficit, and vertebral deformities usually need spinal
instrumentation. '

Dynamic MRI is a valuable adaptation of conventional MRI
to obtain load-bearing images in flexion—extension positions.
Additional information inaccessible on routine supine MRI can
be demonstrated noninvasively using dMRI. Various patholo-
gical features, like compression of dural sac, nerve root,
dynamic mobility of bony protrusion into the canal, buckling
of the ligamentum flavum, and/or decrease in foramen size may
be detected. Also, traditional MRI may underestimate the
severity of pathologic fractures in the dorsolumbar junction.
In all, 40/61 patients did not reveal the any significant compres-
sion on neutral MRI. All of them showed significant retropul-
sion and compression of spinal cord in flexion MRI, which was
relieved in extension MRI with restoration of CSF column and
spinal alignment. Hence dMRI in our study helped us in mak-
ing an accurate diagnosis and determining the precise surgical
plan allowing better understanding of the true nature of the
pathology dynamic vertebral motion and improving the surgi-
cal strategy of OVCF.'”"!8

The surgical modalities for OVCF with neurological deficits
include anterior, posterior, or combined approaches. Many sur-
gical procedures have been reported successfully effecting neu-
rological improvement in patients with neurological deficits
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Figure 6. An 80-year-old man with flexion magnetic resonance imaging (MRI) (A) and X-ray lateral (B) image showing osteoporotic vertebral
compression fracture (OVCF) TI | vertebra with retropulsion of bone fragment and dynamic cord compression with American Spinal Injury
Association (ASIA) grade C neurology. Inmediate postoperative X-rays (C, D) showing cement augmented long-segment fixation of D9-L| and
vertebroplasty of fracture D1 | vertebra with postoperative MRI image (E) showing adequate cord decompression. Failure of instrumentation at
distal end at |-year follow-up (F, G) and extension of construct up to L2 using dominoes (H, I).

due to osteoporotic vertebral collapse. Kaneda et al* and
Uchida et al'® have reported the significance of anterior decom-
pression and reconstruction with the use of anterior instrumen-
tation. However, implant-related complications and

pseudoarthrosis occurred in some patients in their series
because of poor bone quality. Advantages of anterior surgery
with a vertebral spacer include direct resection of the retro-
pulsed bony fragment under visualization and the
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Figure 7. A 65-year-old man with American Spinal Injury Association (ASIA) grade C neurology with DI | vertebral fracture with intravertebral
cleft seen on X-ray (A, B) and magnetic resonance imaging (MRI), sagittal (C) and axial (D) section with cord compression due to repulsion of
bone fragments and old healed osteoporotic fracture LI and L4. Inmediate postoperative images showing long-segment fixation from D9 to LI.
At latest follow-up at 2 years, the patient had rod breakage with recollapse of D11 vertebral segment with loss of correction. Patient improved

neurologically to ASIA grade E.

reconstruction of the stable anterior spinal column, which car-
ries the majority of the axial load (80% in the lumbar spine as
compared with 20% carried by posterior column). However,
this approach is morbid and is associated with pulmonary,
urologic, intra-abdominal, and retroperitoneal complications
especially in elderly individuals who may have several cardi-
opulmonary abnormalities. Kanayama et al*® reported that 19%
of patients with OVCF undergoing anterior instrumentation
surgery also required additional posterior reinforcement

surgery. A combined anterior and posterior approach has a
good fusion rate with a kyphosis angle correction over the
short- and long-term period. However, this procedure becomes
morbid as the operative time is longer and the blood loss
higher. Therefore, the development of a one-stage effective
treatment is required for OVCF with neurological deficits.?
Posterolateral decompression and posterior reconstruction
using the posterior egg-shell procedure was performed and
reported by Kim et al*! and Shikata et al.** Recent literature



Mallepally et al

473

also reports posterior closing wedge osteotomy including pos-
terior spinal shortening that has been performed for both neural
decompression and correction of the kyphotic deformity.****
Although posterior procedures offer better kyphosis correction
compared with anterior procedures, they carry the risk of neural
tissue damage, such as dural tear and spinal cord kinking due to
the shortening of the spinal column. Also, the strength of the
implant fixation in osteoporotic bone is not sufficient for the
reconstruction of a spine with marked instability. Decompres-
sive surgeries in the form of laminectomy and resection of all
posterolateral components including the pedicle may further
destabilize the spinal column in this already unstable condition.

A single-stage posterior instrumentation technique with ver-
tebroplasty has been studied for management of OVCF. Aug-
menting anterior column with vertebroplasty provides a more
rigid fixation as compared with stand-alone posterior stabiliza-
tion allowing anterior column support.>>?® Previously pub-
lished literature on outcome analysis after anterior/posterior
surgical approaches were based on heterogeneous groups of
patients with regard to the type of vertebral collapse, number
and level of collapsed vertebral body, degree of osteoporosis,
and neurological status.

Recently Guo et al,?’ in a single center retrospective anal-
ysis of 56 patients with OVCF leading to neurological deficits,
used a novel surgical strategy using extension CT, MRI, and
radiographs. They divided patients into 4 groups and treated
them with vertebroplasty/kyphoplasty, vertebroplasty/kypho-
plasty with posterior fixation and posterolateral fusion, and
additional laminectomy/osteotomy, respectively. They found
satisfactory mid- and long-term clinical and radiological
outcomes.”’

We believe that the reason for delayed neurological deficits
following a vertebral collapse in the osteoporotic spine is the
dynamic instability causing repeated micro trauma at the frac-
ture site rather than static mechanical compression of spinal
cord by the retropulsed bone fragments. The same was estab-
lished in our cases using dMRI. The difference in neurological
recovery of patients with compression on dynamic MRI and
those with compression on static MRI when compared with
using ASIA motor score was not statistically significant. The
simple posterior fixation without neural decompression is not
only technically easier but also much safer. The risks of the
anterior approach and potential damage to neural tissue from
the decompressive procedure can be avoided. The surgical
time, blood loss and operative morbidity are reduced. Also, the
posterior elements of the spine that are vital for maintaining
spinal stability in this condition are preserved and adequate
space is available for bone grafting on the lamina of the
affected vertebra. In our series, 61 patients underwent nonde-
compressive procedures. They showed improvement in neurol-
ogy and complication rate with regards to implant failure was
also less in these patients. Ataka et al'> reported that posterior
stabilization without neural decompression provides significant
neurological improvement and relief of back pain without
severe complications. They concluded that OVCFs with neu-
rological deficits are mainly caused by the instability of the

fractured vertebra rather than by neural compression and that
neural decompression is not necessary for the treatment of
OVCF with neurological deficits with dynamic mobility.'
However this hypothesis of dynamic instability causing neuro-
deficits was not supported by any imaging modality. In our
study, the dMRI confirmed the hypothesis of dynamic instabil-
ity leading to neurological deficits.

Only posterior fixation carries a risk of implant failure.
Increasing space between trabeculae in cancellous bone in the
osteoporotic spine limits the mechanical grip of screws and
compromises integration at the bone metal interface level,
encouraging osteolysis all around the pedicle screw and the
implant loosening driving to the so-called pull-out phenom-
enon.”® Patients with osteoporosis have decreased pull-out
strength and insertional torque, which is related to pedicle
screw loosening. Many strategies have been described in the
literature to improve pedicle screws’ stability. The use of screw
with bigger diameters is one method to improve pullout
strength. However, it is not always possible to insert big screws
for anatomical reasons, without increasing vascular or organic
lesion risk.”’ Moreover, the use of screws with larger diameter
increases the risk of pedicle fractures. Zindrick et al*® demon-
strated screws anchored to anterior vertebral body cortex have
30% increase in pullout strength. However, the integration
between bone surface and screw cannot be reached immedi-
ately. The use of PMMA to fill the space and stabilize the
implants is practiced in orthopedic surgery for more than 10
years. PMMA could be used to increase the strength of the
fixation of pedicle screws in case of reduction of bone quality
in osteoporosis-affected patients and permit immediate screw
fixation to the cancellous bone. Numerous studies demonstrate
that PMMA augmentation can increase the screws’ pull-out
strength in osteoporotic and normal vertebrae. Augmented
PMMA pedicle screws can improve the implant’s primary sta-
bility and its resistance to fatigue increasing the resistance to
axial forces that drive to pull out.® The use of PMMA has
multiple advantages: its immediate availability, it is cheap and
it is an easy and fast preparation technique. PMMA permits
immediate screw fixation to the cancellous bone that is not
permitted by other materials (calcium sulfate, calcium phos-
phate). To prevent cement leakage, accurate palpation of the
pedicle and the vertebral body’s anterior cortex is important,
before and after the screw insertion. The optimal cement quan-
tity to inject in the vertebral body is not known in the literature.
Theoretically, a higher screw’s fixation strength can be
obtained with higher cement quantity; it is very important to
find the right compromise to avoid cement leakage. In our
series, 17 patients received cement-augmented screws for fixa-
tion when insertional torque was found to be very less. When
compared to the rest of the patients only 1 patient with cement
augmented fixation had a failure due to screw pull-out and
compression fracture at the distal level of instrumentation. It
was revised using cemented augmented fixation up to the next
level.

Also, osteoporosis is essentially a medical disorder and
treating the underlying pathology is of utmost importance. All
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patients in our series were given antiosteoporotic medications
(bisphosphonates/teriparatide) following surgery.

Our study is not without limitations. This is not a rando-
mized controlled trial or carefully matched cohort study. Our
study population was relatively heterogeneous as there was a
lack of a control group and continuous BMD monitoring. How-
ever, it is the largest series of OVCF with neurological deficit
managed by fixation only without neural decompression using
dMRI to confirm dynamic cord compression. Also, not all
OVCFs with neurological deficits can be managed by fixation
only, few patients may require decompression and circumfer-
ential fusion. Limited sample size restricted our ability to sep-
arately analyze PMMA- versus non-PMMA-augmented
fixation. A prospective multicentric randomized controlled
trial is needed to further validate our findings.

Conclusion

Our results indicate that posterior instrumented fusion sans
neural decompression leads to neurological improvement and
relief from back pain without major complications. We propose
that neural decompression of the spinal cord is not always
necessary for the treatment of neurological impairment in
patients with osteoporotic vertebral collapse with dynamic
mobility. Dynamic MRI is a valuable tool to make an accurate
diagnosis and determine precise surgical plan and improving
the surgical strategy of osteoporotic vertebral compression
fractures.
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