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A Prospective Study on the Feasibility, Safety, and
Efficacy of a Modified Technique to Augment the
Strength of Pedicle Screw in Osteoporotic Spine
Fixation

Vikas Tandon, Kalyan Kumar Varma Kalidindi, Sandesh Pacha, Mohd Rafiq Bhat

Department of Spine Service, Indian Spinal Injuries Center, New Delhi, India

Study Design: Prospective case study.

Purpose: Osteoporotic spine fixation by pedicle screw instrumentation is complicated by screw loosening, migration, or pullout with
rates of up to 62% documented in the literature. Contemporary solutions have not adequately addressed these complications. We
propose a modified surgical technique of cement augmentation with bicortical pedicle screw fixation to address the issue related to
implant failure in osteoporotic spine.

Overview of Literature: Zindrick and his colleagues described a “windshield wiper” effect owing to the shift of center of rotation to
the distal tip of the screw in the bicortical purchase of screws. An increase in pullout strength from 119% to 250% with polymethyl
methacrylate augmentation has been documented in the literature. This technique has not been described in the literature.

Methods: A prospective study was conducted with 40 patients who underwent surgery by the modified technique. Intraoperative
and postoperative complications directly related to the procedure were assessed. Improvement in pain and functional status were as-
sessed. Follow-up radiographs were assessed to check for appreciable screw migration, loosening, or pullout.

Results: This technique was used in inserting 364 screws in 40 patients. We did not encounter any difficulty in inserting the screws.
A total of 19 screws failed to breach the anterior cortex owing to an error in measurement. There were no complications during the
procedure in any of the patients, and the postoperative period was uneventful. The mean follow-up period was 18 months. There
were two patients in whom proximal junctional failure with kyphosis was noted during follow-up, who were surgically managed by
extension of the fixation levels.

Conclusions: Bicortical fixation with cement augmentation is a technically feasible, safe, and effective technique to augment the
strength of pedicle screws in osteoporotic spine fixation. It has the potential to be established as a standard of care in osteoporotic
spine fixation.
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Introduction

The prevalence of osteoporosis, a common disease of
the elderly, is on the rise owing to the rapidly increasing
population worldwide. Moreover, the surgical indications
for various spinal conditions have increased because of
increased life expectancy, improved quality of life, and de-
sire to remain physically active [1]. Hence, spine surgeons
often encounter patients with an osteoporotic spine who
require instrumentation. Pedicle screw fixation is the most
commonly used method for stabilization of the vertebrae
[2]. Common complications of instrumentation by pedi-
cle screw fixation in an osteoporotic spine include screw
loosening, migration, and pullout [3]. They usually result
from micromotion or injuries or excess force applied at
the bone-metal boundary [4]. Screw loosening rates of
up to 62% for osteoporotic vertebra have been reported in
the literature [5]. Various fixation techniques, including
changes in screw design, changes in insertion technique,
and use of bone cement, have been suggested to improve
the fixation strength in the osteoporotic spine [6]. Bicorti-
cal fixation has been proposed as one such surgical tech-
nique to reduce screw loosening and pullout; however, it
has the disadvantage of causing a windshield wiper effect,
resulting in pedicle fracture or screw bending. Here, we
describe a modified surgical technique of three-point fixa-
tion using polymethyl methacrylate (PMMA) augmenta-
tion and bicortical fixation to reduce the complications
of implant failure and improve the effectiveness of osteo-
porotic spine fixation using pedicle screws. To the best of
our knowledge, this technique has not been described in
the literature to date.

Materials and Methods

A prospective study was conducted with 40 patients
who visited our center from January 2017 to June 2017
with documented osteoporosis (T score of <-2.5 on dual
absorption X-ray absorptiometry scan according to the
World Health Organization classification) and advised for
surgery involving pedicle screw fixation for various indi-
cations. The characteristics of the patients are presented
in Table 1. After obtaining written informed consent, they
underwent surgery by the modified technique. Intraop-
erative and postoperative complications directly related
to the procedure were assessed (Table 2). Improvement in
pain and functional status were assessed.
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Table 1. Characteristics of patients (n=40)

Characteristic Value

Mean age (yr) 72.2
Gender
Male 28
Female 12

Surgical indications
Osteoporotic fracture with back pain resistant to

conservative treatment e
Osteoporotic fracture with pain and neurologic 6
deficit
Symptomatic proximal junctional kyphosis after 2
surgical stabilization in osteoporotic spine
Location of screws
Thoracic 184
Thoracolumbar junction 82
Lumbar 98
Dual absorption X-ray absorptiometry scan range 321043
(T-score)

Values are presented as mean, number of patients, or range.

Table 2. Perioperative and postoperative complications

Variable Value

Perioperative complications
Failure to hold anterior cortex 19 Screws

Intraoperative cement leakage 3 Screws (2 patients)

(radiological)
Cement leakage (clinical) Nil
Mortality (related to the procedure) Nil
Neurological complications Nil
Infection Nil

Postoperative complications
Infection Nil
Screw loosening/migration/pullout Nil

Proximal junctional failure 2 Patients

The patient was placed in a prone position. A posterior
midline incision was made. Subperiosteal dissection was
performed to expose the posterior bony elements. The
entry point of the pedicle screw was identified by the in-
tersection technique. Pedicle awl or burr was used to open
the superficial cortex. A pedicle probe was used to navigate
down the isthmus of the pedicle into the vertebral body
under image guidance (Fig. 1, step 1). A pedicle sounding
device was used to confirm the intraosseous trajectory of
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the probe. Care was taken not to breach the anterior cortex
with the probe or sounding device. The depth of the track
was measured, and an appropriate screw size was selected
using the sounding device and an artery forceps, such that
only <2 mm of the screw crosses the anterior cortex of the
vertebral body (Fig. 1, step 2). A bone-filling device was
inserted into the prepared pedicle tract until it reached the
middle one-third of the vertebral body. Before injection
of the PMMA cement, air in the bone-filling device was
sucked out with a 10-mL syringe until the marrow blood
filled the whole tract of the bone-filling device. When
the consistency of the cement became similar to that of
toothpaste, 3 mL of the cement for lumbar spine and 2-2.5
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Fig. 1. Hand-drawn illustrations describing the modified technique of
bicortical fixation with cement augmentation step-wise. Step 1: prepa-
ration of the screw tract using a pedicle probe; step 2: measurement
of the depth of the track using a sounding device and an artery for-
ceps; step 3: injection of cement using a bone-filling device; and step 4:
insertion of pedicle screw such that it passes through the cement and
holds the anterior cortex of the vertebral body.

Bone filling device
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S

mL of the cement for thoracic spine were injected into
the bone-filling device (Fig. 1, step 3). Fluoroscopy was
used to monitor the course of cement injection. After the
cement injection, the bone-filling device was removed.
An appropriately sized pedicle screw measured using the
pedicle sounding device was immediately inserted into the
pedicle track (Fig. 1, step 4). Care was also taken to direct
the pedicle screw in an appropriate direction to prevent
inadvertent injury to the aorta or vena cava owing to in-
correct placement. Other techniques described to increase
the hold of the pedicle screws such as more medial angula-
tion and larger diameter screws were also employed in our
patients. The commonly used screw length was 40-50 mm,
and the diameter was 5.5, 6.5, or 7.5 mm. Four to eight
pedicle screws were simultaneously inserted using a single
pack of cement in majority of the patients.

Depending on the general condition of the patients,
they were mobilized on the next day of the surgery. They
were administered osteoporotic treatment according to
the institute’s protocol. Postoperative radiographs and
computed tomography scans were performed to assess the
screw position and cement leakage.

The patients were followed-up with radiographs at
postoperative 3 months, 6 months, 1 year, and once every
year thereafter. Follow-up radiographs were assessed to
check for appreciable screw migration, loosening, or pull-
out. Visual Analog Scale (VAS) and Oswestry Disability
Index (ODI) were measured pre- and postoperatively at 3
months, 6 months, 1 year, and once every year thereafter
to assess the improvement in pain and functional disabil-
ity, respectively.

This article does not contain any studies with human
participants or animals performed by any of the authors.
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Fig. 2. Preoperative anteroposterior (A) and lateral flexion-extension radiographs (B, C) of a 76-year-old male with a history of fall showing an
unstable fracture of L4 vertebra. The patient was neurologically intact. There was a coronal split of the vertebral body with inferior endplate involve-
ment. Bicortical screw fixation with cement augmentation was performed at L3 and L5 levels. Expandable cage was put in the L4-L5 disc space
after disc preparation (D, E).
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Fig. 3. (A) Sagittal T2 magnetic resonance imaging of a 75-year-old male who presented to us with severe
back pain not responding to conservative management and showing an osteoporotic T12 fracture with marrow
edema. His dual absorption X-ray absorptiometry scan suggested osteoporosis with t-value of -3.5. (B, C) Pre-
operative and postoperative X-rays showing fracture fixation using the modified technique. (D-G) Computed
tomography scan images showing bicortical fixation with cement in the vertebral body. Bicortical fixation could

not be performed at the fractured vertebra.

Results

The modified technique has been utilized in inserting
364 screws in 40 patients. The illustrative cases are shown
in Fig. 2 and Fig. 3. We did not encounter any difficulty
in inserting the screws. However, 19 screws (three in the
lumbar spine, two in the thoracolumbar junction, and 14
in the thoracic spine) failed to breach the anterior cortex
owing to an error in the measurement or fracture pat-
tern. We did not attempt a revision of those screws. There
were no complications during the procedure in any of the
patients. The postoperative period was uneventful in all
patients. There was an evidence of cement leak anteriorly
in two patients, but they were clinically asymptomatic

o5 il

Fig. 4. (A, B) Postoperative X-rays of the two patients which showed
cement leakage anteriorly (marked with blue arrows).
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Fig. 5. A 65-year-old female presented to us with severe back pain and neurologic deficit after a history of trivial fall. X-rays suggested an osteopo-
rotic L1 fracture (A) for which bicortical cement-augmented fixation was performed from T11 to L3 with corpectomy of the L1 vertebra (B). (C) The
postoperative follow-up X-rays showed a gradual collapse of the T10 vertebra with proximal junctional kyphosis. The proximal screws still held on
to the vertebra without any evidence of loosening or pullout. (D, E) The patient was reoperated at 5 months after the first surgery by corpectomy

and anterior reconstruction of T10 vertebra and bicortical cement-augmented screw fixation from T8.

"\‘

Fig. 6. A 61-year-old female presented to us with back pain and difficulty in walking. On examination, weak-
ness was observed in both lower limbs, along with signs of myelopathy. (A) X-rays suggested an osteoporotic
fracture of T11 and T12 for which corpectomy of T12 vertebra was performed with anterior cage reconstruction
and pedicle screw fixation was performed from T9 to L2 using the modified technique. (B, C) She presented 2
months later with mid-back pain and radiation to the sides of the chest wall after a history of trivial fall. X-rays
suggested proximal junctional kyphosis at T8 vertebra. (D) T8 corpectomy and anterior reconstruction were per-
formed with the extension of instrumentation to T5 using the modified technique.

(Fig. 4). The VAS improved from 8.7 to 1.4 and ODI from
81.1% to 41% after the surgery. The mean follow-up pe-
riod was 18 months. There was no appreciable screw loos-
ening or migration in any of the patients on the follow-up
radiographs. There were two patients in whom proximal
junctional failure with kyphosis was observed during
follow-up with symptoms of back pain. However, there
was no screw loosening, pullout, or migration in those pa-
tients. They were surgically managed by extension of the
fixation levels (Figs. 5, 6).

Discussion

The reported complications in the surgical management
by instrumentation in an osteoporotic spine include ped-
icle and compression fractures, pseudarthroses with in-
strumentation failure, adjacent segment degeneration, and
proximal junctional kyphosis [7]. Fusion in osteoporosis
is delayed owing to reduced osteoblastic activity, poor
vascularity, and lower bone marrow quality [8]. Hence,
the implants utilized for temporary stabilization have to
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experience longer than usual period of stress. Moreover,
the biomechanical properties of the osteoporotic bone
contribute to early implant failure [9]. A number of surgi-
cal techniques and designs have been implemented in an
attempt to improve the strength of the fixation between
the pedicle screw and bone. Multiple levels of fixation, ce-
ment augmentation, bicortical purchase, hydroxyapatite
coating, and the use of double screws are some of the de-
scribed techniques used in osteoporotic spine fixation [9].

Cancellous bone is less dense and more profoundly af-
fected in osteoporotic bone than in cortical bone [10].
Additionally, the cortex of the vertebral body is stronger
than the cancellous bone in normal as well as osteoporotic
bones [9]. Hence, a bicortical purchase would be stronger.
An increase in pullout strength from 31% to 120% has
been demonstrated with a bicortical screw when com-
pared with a unicortical screw [11]. However, incorrect
placement of bicortical screws has a risk of injury to ma-
jor vascular structures [12]. Zindrick et al. [11] described
a “windshield wiper” effect owing due to the shifting of
the center of rotation to the distal tip of the screw in the
bicortical purchase of screws, resulting in an increased
risk of pedicle fracture or screw bending. We attempted
to reduce this effect by utilizing bone cement as a separate
anchor at the middle of the screw.

The technique of bone cement augmentation has been
well-described in the literature [13,14]. PMMA is the most
frequently used bone cement [15]. An increase in pullout
strength from 119% to 250% has been documented in the
literature with PMMA augmentation [16]. Hence, addi-
tion of PMMA augmentation to bicortical fixation would
theoretically increase the strength of fixation than either
alone. However, drawbacks with PMMA augmentation
include exothermic thermal necrosis, inability to integrate
in the surrounding bone, and difficulty in screw removal
if necessary [17].

Some key points need to be emphasized in our modified
technique. Extreme care should be taken to not penetrate
the anterior cortex when using the pedicle probe and
sounding device to prevent anterior migration of cement.
The desired length of the pedicle screw should be accurate-
ly measured before cement injection using the sounding
device and calibrated scale to prevent under- or overpen-
etration. We advise erring on the underside in case of any
doubt to prevent untoward complications of overpenetra-
tion. The bone-filling device used for cement injection
should be placed in the middle one-third of the vertebral
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body, and care should be taken to not penetrate the ante-
rior cortex. The timing, amount, and viscosity of cement
injection are also crucial. Based on the previous studies, we
recommend injecting 3 mL of cement for the lumbar spine
and 2-2.5 mL of cement for the thoracic spine when it has
a toothpaste-like consistency and not to delay the pedicle
screw insertion after cement injection [18].

Interesting findings of our study are the cases compli-
cated by proximal junctional kyphosis. Although there
was a biomechanical failure of the osteoporotic bone with
collapse, the pedicle screws held on well, and there was no
sign of loosening or pullout. This suggests that the hold of
the screw was superior.

Theoretical advantages of the modified technique in-
clude an increase in pullout strength than either bicortical
screw or PMMA augmentation alone. Furthermore, the
windshield wiper effect in a bicortical purchase would
be lessened with this technique. Our clinical study sup-
ported these theoretical advantages. This technique would
not also add more to the cost of the procedure than the
PMMA augmentation.

Theoretical risks associated with the technique include
the risks of both bicortical fixation as well as PMMA
augmentation. We did not encounter any implant-related
complications in our study. However, accurate measure-
ment of the screw length and timing of cement injection
are crucial for successful implementation of the technique.

There are several limitations to this study. Here there
was a lack of a comparative or control group. Thus, a larg-
er series of patients with a long-term follow-up is required
to establish the efficacy and safety of the procedure.
Although the procedure has a superior pullout strength
theoretically, a biomechanical analysis is still necessary to
establish it.

Conclusions

Bicortical fixation with PMMA augmentation is a techni-
cally feasible, safe, and effective technique to augment the
strength of the pedicle screws in osteoporotic spine fixa-
tion. It has a potential to be established as a standard of
care in osteoporotic spine fixation.
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