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ABSTRACT

Objective: A significant portion of traumatic spinal fractures involves
the thoracolumbar spine. Fracture stabilization using pedicle screws
initially demanded fixation of two levels above and below the fractured
vertebrato achieve a stable construct. Over the years, a short-segment
pedicle screw fixation was found to be adequate. Balloon kyphoplasty
(BKP) is commonly used as a minimally invasive treatment for vertebral
compression fractures. At times, lumbar burst fractures can extend to
the posterior elements. These recently acknowledged subtypes of
fracture do not cause posterior column instability other than coronal
bipedicular dissociation. BKP alone is inadequate in these cases; a
combination of BKP addressing anterior column reduction and
support with a middle column stabilization by transpedicular fixation
has the potential to treat all fracture elements without losing motion
segments through a minimally invasive technique. This study aims to
describe this novel concept and technique.

Methods: Five patients were treated with the intravertebral fixation
(IVF) technique for coronal bipedicular dissociation fractures. We
describe the surgical technique and review the pertinent literature.
Results: The IVF technique is clinically safe in stabilizing the specified
fractures, with good clinical and functional outcomes.

Conclusion: IVF is a promising surgical technique and an exciting
treatment concept for unique fracture types involving bipedicular
coronal dissociation with or without burst fracture. Further studies are
required to assess long-term results and possible complications.
Study Design: Case series for a new surgical technigue.

significant part of traumatic spinal fractures, 60% to 70%, involve the
thoracolumbar (TL) spine.’? TL fractures are managed either by
conservative treatment or surgically. Surgical decompression is
usually reserved for neurologically compromised patients but is controversial
in neurologically intact. Although conservative treatment provides favorable
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IVF for Bipedicular Dissociation Fractures

clinical outcomes, some studies have shown that surgical
treatment achieves better fracture reduction and long-
term results.3#

Fracture stabilization using pedicle screws initially
demanded fixation of two levels above and below the
fractured vertebra to achieve a stable construct that can
withstand load bearing without fracture displacement or
construct failure. Over the years, a short-segment pedicle
screw fixation (one level above and one level below the
fractured level) was found to be adequate, and today, it
is widely used for TL fractures worldwide. Short-
segment pedicle fixation can provide immediate spinal
stability, reduced kyphotic deformities, early painless
mobilization, and indirect spinal canal decompression.
However, many authors are concerned that short-
segment pedicle screw fixation is inadequate to ach-
ieve and maintain fracture reduction and is associated
with an unacceptable rate of failure.>”

A relatively new concept, first reported in 1994,
introduced the intermediate pedicle screws, pedicle
screws inserted at the fractured vertebrae. Biomechanical
studies®!! showed that short-segment fixation with
intermediate pedicle screws improved spinal stability
and decreased stress over pedicle screws in the upper
and lower normal vertebrae.

Balloon kyphoplasty (BKP) is a minimally invasive sur-
gical treatment for pain reduction, vertebral stabilization,
and potentially spinal deformity reduction of vertebral
compression fractures.'>!3 Most of the deformity correc-
tion is achieved by patient positioning. The BKP allows
further fracture reduction and alignment maintenance
with the polymethylmethacrylate, which maintains the
achieved reduction. BKP is frequently used for single and
multilevel fractures'*17 and has been described in con-
junction with a short-segment fixation.'8-2! BKP has been
found to be a valid treatment option for AO type A3 burst
fractures as a single treatment.'222

Thoracolumbar burst fractures can sometimes extend
to the posterior elements, such as laminar or pedicle
extension. These fractures do not cause posterior column
instability other than the pedicular dissociation. BKP
alone is inadequate in these cases because it does not sta-
bilize the posterior elements, leaving the vertebra prone to
collapse further and progressive pedicular dissociation.
The current alternatives are adding pedicle screw fixation
around the fractured vertebra by short or long fixation.
The downside of these fixations is losing spinal motion
and increased risk of juxtafusional fractures.?3-24

In a recent study of 105 patients surgically treated for
thoracolumbar osteoporotic vertebral fractures (OVFs)
between 2016 and 2020,2° we have described a new
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lumbar osteoporotic fracture pattern, unrecognized
previously, a bipedicular dissociation fracture. The
study evaluated the clinical and radiological outcomes,
comparing the characteristics and management of OVFs
and bipedicular dissociation fractures. Of 105 patients,
85 had classifiable OVFs, and 20 had unipedicular
dissociation fractures (n = 10, 9.5%) or bipedicular
dissociation fractures (n = 10, 9.5%). Both cohorts
mainly had single vertebral fractures and upper end
plate involvement with cleft signs found in 30% of
pedicular dissociation fractures versus 15.3% of OVFs
(P < 0.001) and a higher incidence of burst fractures
(40% vs. 25.9%; P < 0.001). Posterior vertebral body
collapse was higher for pedicular dissociation fractures
(132 + 9.3% vs. 18.3 * 8.5%; P = 0.02). Most OVFs
underwent BKP (94%). Most bipedicular dissociation
fractures were regarded unstable; six patients under-
went posterior spinal fusion (PSF; 2 short PSF, 1 PSF +
BKP, and 3 BKP with intravertebral pedicular lag screws
at the fractured vertebra). Half of the bipedicular dis-
sociation fractures underwent BKP-developed non-
union. The results indicate notable differences between
the cohorts in fracture characteristics, prefracture
functional status, and surgical management. OVF and
pedicular dissociation fracture cohorts were predomi-
nantly female and elderly, with similar ages, heights,
weights, and body mass index. The time from fracture to
surgery was similar between the cohorts. Notably, the
prefracture functional status was markedly better in the
OVF cohort than in the bipedicular dissociation cohort.
The greater dependence on caregivers and mobility aids
in the pedicular dissociation cohort suggested a higher
burden of disability in this patient population. This
difference in functional status may have implications for
postoperative recovery, rehabilitation, and discharge
planning. Most patients in both cohorts sustained
fractures because of a fall, with a lower proportion of
spontaneous nontraumatic vertebral fractures, suggest-
ing that the bipedicular dissociation fractures, as oste-
oporotic vertebral compression fractures, can be
traumatic or osteoporotic pathological fractures. OVF
fractures were primarily located around the thor-
acolumbar junction, whereas bipedicular dissociation
fractures mainly involved T11-L3. Notably, pedicular
dissociation fractures had a higher incidence of burst
fractures and cleft signs, which may indicate a more
severe injury pattern and greater instability than OVFs,
parameters not included in current OVF classification
systems. OVFs and bipedicular dissociation fractures
had the same preoperative percentage of anterior ver-
tebral body collapse, 26.8 = 16.2% vs. 25.9 = 17.6%,
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respectively (P = 0.99), whereas the percentage of pos-
terior vertebral body collapse was significantly higher
for the bipedicular dissociation fractures, 13.2 = 9.3%
vs. 18.3 = 8.5%, respectively (P = 0.02). Posterior
vertebral body collapse may explain the fracture
mechanism; as the upper posterior vertebral body col-
lapses, the pedicles are fractured and dissociated from
the vertebral body, separating the fractured anterior and
middle columns from the posterior column, causing
vertebral instability as defined by Dennis classification.

The surgical management of OVFs and bipedicular
dissociation fractures varied. OVFs were primarily treated
with BKP. At the same time, pedicular dissociation frac-
tures were treated by a range of stabilization techniques,
including short PSF, BKP combined with PSF, or intra-
vertebral fixation (IVF) combining pedicular lag screws
with BKP. Four bipedicular fractures that underwent BKP
without additional stabilization resulted in 50% of frac-
ture nonunion. This finding suggested that pedicular dis-
sociation fractures may present a more notable surgical
challenge due to their inherent instability and complexity.

The rationale of IVF surgical technique is treating the
two components of the bipedicular dissociation fracture,
augmenting the vertebral body fracture with a BKP, and
stabilizing the coronal plane bipedicular dissociation with
pedicular screws. The theoretical advantage of the IVF
technique is that it addresses anterior column reduction
and support combined with posterior-middle column
stabilization while preserving intervertebral motion. This
study aims to describe this novel concept and technique.

Methods

This study included patients older than 65 years who
suffered thoracolumbar burst or compression fractures

Figure 1
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with bipedicular dissociation fractures (Figure 1, A-D)
between 2016 and 2023. All patients underwent surgery
by two fellowship-trained spine surgeons.

Exclusion criteria included patients younger than
65 years who sustained a pathological fracture due to
malignancy or infection. Patients who underwent a pre-
vious spinal surgery at the fractured vertebra or a single
level adjacent to it were excluded.

All patients were followed up to 2024. Electronic
medical records and imaging studies were examined.

The Intravertebral Fixation Surgical
Technique

Under general anesthesia, patients were placed prone on
a Jackson carbon operating table. Following draping, 2-
cm skin incisions were made over the lateral portion of
the fractured vertebra pedicles under lateral and frontal
fluoroscopy to allow for future pedicle screw insertion.
Under fluoroscopic guidance, two pedicular cannulas,
Jamshidis, were inserted through the fractured verte-
bra’s pedicles (Figures 2, A and B).

Bilateral transpedicular guidewires were inserted
through the cannulas, and the cannulas were removed
(Figure 2, C). Gradual soft-tissue expanders were used
to prepare the pedicle screw insertion tract (Figure 2, D).
A 5.5-mm taper was inserted over the guidewires
beyond the pedicles and into the fractured vertebral
body and removed to allow rapid pedicle screw insertion
following the BKP (Figure 2, E). Trochar needles were
inserted over the transpedicular guidewires. A 15- to 20-
mm inflatable balloon was introduced through the
trochars and inflated under fluoroscopic control (Fig-
ures 2, F and G). Following balloon deployment and
fracture attempted reduction, the BKP balloon was
deflated and retracted. Polymethyl methacrylate

Radiographs of an 80-year-old independent woman (patient 4) who fell at home showing diagnosis with an L4 burst fracture involving a
bilateral pedicle fracture. Anterior-posterior and lateral radiographs (A and B), CT scan, midsagittal and axial views (C and D) are
presented.
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IVF for Bipedicular Dissociation Fractures

Figure 2

Fluoroscopic images showing the intravertebral fixation (IVF) surgical technique. Bilateral pedicular cannulas were inserted for patient 3
under fluoroscopic guidance (A and B). Bilateral transpedicular guidewires were inserted through the cannulas (C). Soft-tissue
expanders were used to prepare the pedicle screw insertion tract (D). A 5.5-mm taper was inserted over the guidewires and removed to
allow rapid pedicle screw insertion following the Balloon kyphoplasty (BKP) (E). Trochar needles were inserted over the transpedicular
guidewires. A 15- to 20-mm inflatable balloon was introduced through the trochar and inflated under fluoroscopic control (F and G).
PMMA was injected through each trochar (H). Bilateral transpedicular guidewires were reinserted through the BKP cannulas;
percutaneous pedicle screw insertion towers were inserted with 45 to 50 x 6.5 mm pedicular screws (I and J). PMMA = polymethyl

methacrylate.

(PMMA) was mixed, achieving toothpaste-like viscos-
ity. Under lateral and anterior-posterior imaging, 2 to
5 mL of PMMA was injected through each trochar
(Figure 2, H). PMMA spread was monitored fluoro-
scopically to avoid posterior spinal canal or anterior/
lateral PMMA leakage. PMMA injected volume varied
depending on the vertebral level, being higher in lumbar
vertebras.

In a hastened fashion to avoid PMMA setting,
bilateral transpedicular guidewires were reinserted
through the BKP cannulas, the BKP trocars removed,
and under fluoroscopic control, over the wires, per-
cutaneous pedicle screw insertion towers were inserted
with 45 to 50 x 6.5 mm pedicular screws (Figure 2, I
and J). Following screw insertion, the percutaneous
towers were removed, and the two 2-cm skin incisions
were irrigated using saline and sutured. Patients were
mobilized two hours following surgery, and the next
day, predischarge standing radiographs were taken
(Figure 3, A and B).

Patient History

Between 2016 and 2023 six patients were diagnosed with
a bipedicular dissociation fracture and underwent IVF
surgery (Table 1). The cohort included three women and
three men; the average age was 82.7 * 6.5. The average
follow-up was 19.5 * 17.6 months, from 48 days to 3
months. All except one patient sustained a low-energy
fall, whereas one fell from a 3-m ladder. The most
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common fractured vertebrae were L4, three cases, fol-
lowed by L2, two cases, and L3, one case.

Patient 1

An 88-year-old independent woman who fell at home
and was diagnosed with an L2 bipedicular dissociation
fracture. The patient underwent L2 IVF surgery, gained
ambulation the next day, and was discharged home. A
4-year follow-up was uneventful.

Patient 2

An 80-year-old independent woman who fell at home
and was diagnosed with an L4 bipedicular dissociation
fracture (Figures 1, A-D). The patient underwent 14
IVF surgery, ambulated the following day, and was
discharged home (Figure 3). Six months following sur-
gery, she fell again and was diagnosed with rami pubic
fractures without displacement of the L4 IVF. Following
discharge, a 30-month follow-up was uneventful
(Figure 4, A and B).

Patient 3

A 72-year-old independent man fell at home and was
diagnosed with an L3 bipedicular dissociation fracture.
The patient underwent L3 IVF surgery and was able to
ambulate the following day, but because of congestive
heart failure, he continued treatment at an internal
medicine department. Following discharge, a 22-month
follow-up was uneventful (Figure 5).
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Figure 3
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Predischarge standing radiographs showing anterior-posterior and lateral views of patient 3 at postoperative day 1.

Patient 4

An 88-year-old independent woman who fell at home
and was diagnosed with an L4 bipedicular dissoci-
ation fracture. The patient underwent L4 IVF sur-
gery, gained ambulation the next day, and was
discharged home. An 11-month follow-up was
uneventful.

Patient 5

An 88-year-old man in need of nursing, having
dementia, fell at home and was diagnosed with an L4
bipedicular dissociation fracture. The patient underwent
L4 IVF surgery and was able to ambulate the following
day. He was discharged to a rehabilitation center. Three
months follow-up was uneventful.

Table 1. Patient Characteristics

Patient 6

An 80-year-old independent man fell from a 3-m ladder
and was diagnosed with an L2 bipedicular dissociation
fracture. The patient underwent L2 IVF surgery, was
able to ambulate the following day, and was discharged
home. Three months follow-up was uneventful.

Discussion

Motion sparing has been a notable issue in spine surgery,
from noninstrumented surgeries to short-segment fix-
ations and disk replacement surgeries.?®2% The pro-
posed IVF technique is the most motion-preserving
option for treating pedicular coronal plane dissociation
with or without burst fractures. As previously published

Pre- POD-
Patient Fractured Pre-operative operative POD-1 1 Follow-
No. Sex | Age Vertebra Mechanism Function VAS Function VAS up
1 F 88 L2 Minor fall Independent 8 Unlimited 3 48 m
2 F 80 L4 Minor fall Independent 10 10 m walk 4 30 m
3 M 72 L3 Minor fall Independent 10 12 m walk 5 22m
4 F 88 L4 Minor fall Bedridden 9 8 m walk 4 11m
5 M 88 L4 Minor fall Nursing assistance 10 12 m walk 5 3m
6 M 80 L2 Fall froma 3 m Independent 9 20 m walk 4 3m
ladder

POD = post-operative day; VAS = visual analog scale
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Figure 4

3.0 HD_FoV v

PET-CT, axial and sagittal images of patient 4 presenting pedicular fracture union and Balloon kyphoplasty (BKP) by two-year follow-up.

in the bipedicular dissociation fracture description
study, the posterior fixation of two motion segments
surrounding the fracture did not show implant failure or
secondary fracture displacement.?®

The surgical series presented includes a variety of ca-
ses, all with bilateral coronal pedicle dissociation, expe-
riencing notable pain, and functional limitation, attesting
to vertebral instability (Table 1). An obvious consider-
ation in these fractures is the posterior vertebral wall
fracture, which may carry an increased risk of epidural
PMMA extravasation. This concern is not a contrain-
dication for BKP and can be avoided by increased vis-

Figure 5

A 22-month postoperative standing radiograph of patient 5
taken during follow-up.
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cosity PMMA injection and vigilant fluoroscopic
evaluation of PMMA dispersion. In these cases, the
coronal plane pedicle dissociation with preserved pos-
terior column stability, the combination of BKP ad-
dressing anterior column reduction and support with a
middle column recontraction, and stabilization by
transpedicular fixation have the potential to treat all
fracture elements without losing motion segments all
through a minimally invasive technique. Using the
standard 2- or 4-level, percutaneous, posterior, pedicle
screw fixation would have resulted in notable spinal
motion loss.

Following IVF surgery, all patients returned to
ambulation and reported notable pain relief (Table 1).
Most patients regained function, which allowed for
home discharge, four out of the six patients. We did not
encounter implant failure or early or late fracture dis-
placement; patient two sustained a fall 6 months fol-
lowing surgery, with a diagnosed rami pubic fracture,
without change to her IVF surgery, suggesting the firm
stability of the construct.

The results of this surgical technique cohort are
limited by the small cohort’s size and the diversity of
patients included, although small series are expected
because this study deals with a newly published
fracture pattern in octogenarians. This study was not
preceded by a specific biomechanical study but was
developed by integrating previous biomechanical and
clinical studies, practices, orthopaedic trauma treat-
ment principles, and surgical expertise. Although this
cohort is small, this study suggests a novel, minimally
invasive, motion-sparing technique worth
considering.
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Conclusion

We present a novel surgical concept for stabilizing a
newly described complicated vertebral fracture pattern in
elderly patients using a minimally invasive, motion-
sparing technique. This technique is worth presenta-
tion and discussion. IVF is a promising surgical tech-
nique and an exciting treatment concept for unique
fracture types involving bipedicular coronal dissociation
with or without burst fractures. Further studies are
required to assess long-term results and possible
complications.
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