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Objective : Pedicle screw fixation for spine arthrodesis is a useful procedure for the treatment of spinal disorders. However, instrument failure often
occurs, and pedicle screw loosening is the initial step of a range of complications. The authors recently used a modified transpedicular polymethyl-
methacrylate (PMMA) screw augmentation technique to overcome pedicle screw loosening. Here, they report on the laboratory testing of pedicle
screws inserted using this modified technique.

Methods : To evaluate pullout strengths three cadaveric spinal columns were used. Three pedicle screw insertion methods were utilized to com-
pare pullout strength; the three methods used were; control (C), traditional transpedicular PMMA augmentation technique (T), and the modified
transpedicular augmentation technique (M). After control screws had been pulled out, loosening with instrument was made. Screw augmentations
were executed and screw pullout strength was rechecked.

Results : Pedicle screws augmented using the modified technique for pedicle screw loosening had higher pullout strengths than the control
(1106.2+458.0 N vs. 741.2+269.5 N; p=0.001). Traditional transpedicular augmentation achieved a mean pullout strength similar to that of the
control group (657.5+172.3 N vs. 724.5+234.4 N; p=0.537). The modified technique had higher strength than the traditional PMMA augmenta-
tion technique (1070.8+358.6 N vs. 652.2+185.5 N; p=0.023).

Conclusion : The modified PMMA transpedicular screw augmentation technique is a straightforward, effective surgical procedure for treating pedi-
cle screw loosening, and exhibits greater pullout strength than traditional PMMA transpedicular augmentation. However, long-term clinical evalua-
tion is required.

Key Words : Biomechanics - Osteoporosis - Postoperative complication - Prosthesis loosening - Polymethylmethacrylate -
Surgical technique.

INTRODUCTION

Pedicle screw fixation (PSF) for spine arthrodesis is a useful
procedure for the treatment of spinal disorders. However, instru-
ment failure often occurs, and pedicle screw loosening is the ini-
tial step of a range of complications”. If a pedicle screw loosens, it
could cause other complications and be difficult to treat. In par-
ticular, if a problematic screw hole is larger than the biggest screw,
it is difficult to achieve strong fixation during re-operation.

Traditionally, transpedicular screw augmentation with poly-

methylmethacrylate (PMMA) is used to overcome this prob-
lem. Traditional transpedicular screw augmentation (the tradi-
tional technique) exploits the anchoring properties of PMMA
and achieves fixation strength than non-augmented screws?.
Recently, a modified transpedicular screw augmentation meth-
od was devised to recover loosened pedicle screws®”; we refer
to this modified technique as the transpedicular PMMA ex-
pandable anchor bolt screw (EABS) technique, which as its
name implies, also utilizes the anchoring properties of PMMA.

After filling the dead space of a problematic screw hole with
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1-2 cc of PMMA, a small screw is inserted. After the PMMA
has hardened, this screw is removed and a larger screw is then
inserted to ‘expand’ the PMMA thread to achieve more strong
fixation (Fig. 1). PMMA EABS could be applicable in cases of
instrument failure caused by loosened pedicle screws or in cas-
es of intraoperative pedicle screw loosening, which sometimes
occurs in osteoporotic patients>'2.

Other PMMA screw augmentation techniques like intraoper-
ative vertebroplasty can provide excellent screw fixation in diffi-
cult cases, but large amounts of PMMA are required to achieve
strong fixation”. Furthermore, large amounts of PMMA increase
the risk of extraosseous extravasation, which elevates complica-
tion rates*'”. On the other hand, the transpedicular PMMA
EABS screw augmentation technique (the modified technique)
is considered to provide strong fixation with a relatively small
amount of PMMA.

In the present study, we assessed the pullout strengths of the
traditional and modified techniques in the process of treating
pedicle screw loosening, and sought to answer the following
questions : 1) Does this modified technique increase the screw
fixation power? 2) Is it suitable for use in osteoporosis patients?
3) Which provides stronger fixation, the modified or the tradi-

tional technique?

MATERIALS AND METHODS

To evaluate and compare the pullout strengths of traditional
and modified transpedicular screw augmentation, we used three
cadaveric specimens. We extracted non-augmented control
screws and then implanted screws using the two different aug-
mentation processes; non-augmented control screws (C), tradi-
tional transpedicular PMMA augmented screws (T), and mod-
ified PMMA augmented screws (M).

Specimens and instruments

Twenty thoracolumbar vertebrae (T10-L5) from three human
cadavers were harvested and separated in this study. The medi-
cal histories of specimens were investigated, and bone mineral
densities (BMDs) of specimens were determined by dual X-ray
absorptiometry (Lunar Prodigy Advance, GE Healthcare, Mad-
ison, WI, USA). Specimens were then classified as osteoporotic
or non-osteoporotic using a BMD of -2.5 T score as a cutoff (Ta-
ble 1). Soft tissue was removed, and portions of the transverse
and spinous processes were removed to mount specimen to a

Fig. 1. Schematic illustrations of modified transpedicular polymethylmethacrylate (PMMA) screw augmentation. A : The vacant pedicle hole after loose
pedicle screw removal is filled with PMMA of a toothpaste-like viscosity, the dead space was filled with 1 cc of PMIMA for the biomechanical study. B :
The inserted PMIMA hardened after inserting a small pilot screw. C : An inner thread was left by the small screw after its removal. D : PMMA expan-
sion (red arrows) caused by inserting the thicker permanent screw improved screw holding power (referred to as the anchor bolt effect). Adapted

from Kang et al. J Korean Neurosurg Soc 49 : 75-78, 2011”.

Table 1. Information on cadaveric specimens

Cadaver #

#1 #2 #3
Sex Male Male Male
Age 51 52 67
Level T11-L5 T10-L4 T10-L5
Bone mineral density (g/cm’)* and T score 1.019 (-1.0) 0.812(-3.1) 0.797 (-3.2)
Bone quality Osteopenia Osteoporosis Osteoporosis
Cause of death Suicide Chronic liver disease Suicide

*The bone mineral densities were calculated for L1, 2, 3, and 4 in each case
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jig. For convenience, long screws (USS fracture, Synthes, Ober-
dorf, Switzerland) were used for the screw pullout test. PMMA
(Kyphx, Kyphon Europe, Zaventem, Belgium) was used for
screw augmentation. Pullout strengths were measured using a
universal testing machine (UTM) (858 Mini Bionix II, MTS
systems, Minneapolis, MN, USA).

Screw pullout testing procedures

The three types of pedicle screw insertion techniques were
compared. Control (C), non-augmented; traditional transpe-
dicular augmentation (T); and modified transpedicular aug-
mentation (M). Pullout failure strengths were measured.

Test sequences (Table 2)

1) Control pedicle screw insertion and followed by pullout
strength measurements.

2) Screw loosening model making after Control screw re-
moval using high speed drill : diameter 7 mm, depth 35 mm.

3) Group M, 6 mm diameter screw insertion followed by
pullout strength measurements using the left pedicles of Cadav-
ers #1, #2, and #3.

4) Group M, 7 mm diameter screw insertion followed by
pullout strength measurements using the right pedicles of Ca-
davers #1 and #2.

5) Group T, 6 mm diameter screw insertion followed by pullout
strength measurements using the right pedicles of Cadaver #3.

Screw loosening and screw augmentations

Control screws were inserted along the long axis of each pedi-
cle using image-guided techniques under C-arm fluoroscopy®.
Control screws were pulled out and pullout strengths were mea-
sured. Loosening holes were made using high speed drill fitted
with a 7 mm burr along the long axis of pedicle. The PMMA
mixture (1.0 g powder and 1 cc solvent) was applied to each
prepared screw hole.

Group (T) and Group (M) were prepared as follows; Screws (6
mm diameter) were used in Group (T), and in Group (M), 5 mm

Table 2. Screw pullout strengths (N)
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pilot screws were replaced with a 6 mm permanent screw. Screws
were inserted to a depth of 35 mm. Screw pullout strengths were
evaluated using the same UTM-based method.

To obtain more data regarding osteoporosis in Group (M),
augmentation was used with screws of different thicknesses
(Cadavers #1 and #2) (Table 2).

Groups (T) and (M) were compared in only one osteoporotic
specimen (Cadaver #3). Group (M) screw placements were done
on left side and Group (T) placements on the right (Table 2).

Statistical analysis

Screw pullout strengths were measured in non-osteoporotic
(Cadaver #1) and osteoporotic specimens (Cadavers #2 and
#3). Results were compared using the paired and unpaired t-
tests. Statistical significance was accepted for p values of <0.05.

RESULTS

All specimens were from males. The BMD of one cadaveric
specimen was determined to be non-osteoporotic, but the oth-
er two were osteoporotic (Table 1).

In Group (C), 5 mm and 6 mm screws had mean pullout
strengths of 563.3+233.3 N and 725.9+298.1 N, respectively. In
Group (M), 6 mm and 7 mm screws had mean pullout strengths
of 935.2+443.4 N and 1258.7+601.1 N, respectively, and in
Group (T) 6 mm screws had a mean pullout strength of 657.5+
172.3 N (Table 3, 4).

Thicker screws in Group (C) had greater pullout strengths,
regardless of BMD, and pullout strengths in non-osteoporotic
specimens were greater than that in osteoporotic specimens
(p<0.05) (Table 3).

After PMMA augmentation, Group (M) (1106.2+458.0 N) had
a greater mean pullout strength than Group (C) (741.2+269.5 N)
(p=0.001). Mean pullout strengths were similar in Group (T)
(657.5+172.3 N) and Group (C) (724.5+234.4 N) (p=0.537), and
mean pullout strength was greater in Group (M) (1070.8+358.6
N) than in Group (T) (652.2+185.5 N) (p=0.023) (Table 4, Fig. 2).

Cadaver#
#1 #2 #3
Level Lt. Rt. Lt. Rt. Lt. Rt.
s M6 6 M7 Cs M6 C6 M7 s M6 6 T6
T10 6117 7345 6643 13623 3868 8699 5332 6580
T11 7198 11330 10175 13326 1938 4951 5177  850.1 3900 4963 7650 5357
T12 8213 * 12154 10800 5488 10670 6171 10139 4576 8053 7690 8416
L1 8612 14490 9316  * 205 4897 3961 9710 7228 12927 8705 5985
L2 8559 17494 14002 24603 3155 5731 2771 4637  8&719 12881 11730 6377
L3 6566 20954 6896 4937 * 2881 4375 3589 12089 6021  369.9
L4 7970 13891 6535  * 4522 15347 6832 9245
L5 8540 12402 7803 16157 2395 . 4000 6942

*Pedicle fractures occurred during screw insertion. Lt. : left, Rt. : right
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Table 3. Average screw pullout strengths

Specimen and screw No. Pullout load (n), min Pullout load (n), max Pullout load (n)
Non-osteoporotic (#1), control 5 mm 656.6 861.2 795.1+78.6
Non-osteoporotic (#1), control 6 mm 653.5 1400.2 955.4+277.58
Osteoporotic (#2 & 3), control 5 mm 14 193.8 871.9 447.4+193.5
Osteoporotic (#2 & 3), control 6 mm 14 277.1 1173.0 611.24242.0
Non-osteoporotic (#1), modified 6 mm 1133.0 2095.4 1509.4+355.9
Non-osteoporotic (#1), modified 7 mm 4 1080.0 2460.3 1622.2+600.1
Osteoporotic (#2 & 3), modified 6 mm 12 489.7 1534.7 904.6+365.6
Osteoporotic (#2), modified 7 mm 437.5 1362.3 849.74353.1
Osteoporotic (#3), traditional 6 mm 369.9 924.5 657.5+£172.3
Table 4. Pullout strengths and paired t-test results
Group 1 (pullout strength, n) Group 2 (pullout strength, n) N p value
Control 5 mm (563.3+233.3) Control 6 mm (725.94298.1) 21 0.001
Modified 6 mm (935.2+443.4) Modified 7 mm (1258.7+601.1) 8 0.018
Control 6 mm (741.2+269.5) Modified 6 mm (1106.2+458.0) 18 0.001
Control 6 mm (724.5+234.4) Traditional 6 mm (657.5+172.3) 0.537
Modified 6 mm (1070.8+358.6) Traditional 6 mm (652.2+185.5) 0.023
2004 e ders""¥. However, occasionally, complications associated with
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Fig. 2. Schematic diagram presenting pullout strengths (N) for the con-
trol (C), traditional (T), and modified (M) techniques. A 6 mm screw was
used to measure pullout strengths. The paired t test was used for the
statistical analysis. Lt. : left, Rt. : right.

DISCUSSION

This study was undertaken to compare the pullout strength of
modified transpedicular screw augmentation, named PMMA
EABS with that of traditional transpedicular screw PMMA aug-
mentation, especially in the context of pedicle screw loosening. It
was found that PMMA EABS had greater pullout strengths than
traditional PMMA screw fixation, especially in terms of achiev-
ing fixation to treat pedicle screw loosening. The traditional and
the PMMA EABS techniques used were similar with the excep-
tion of; 1) the amount of PMMA used for screw augmentation,
and 2) the expansile force produced by the thicker screw.

Due to the immediate strong fixation it provides, PSF is an es-
sential surgical technique for the treatment of spinal disor-

cating that not all screw loosenings are associated with pseudo-
arthrosis. However, in another study, it was suggested that pedi-
cle screw loosening is associated with pseudoarthrosis and back
pain®. If screw loosening causes clinical symptoms, surgical
treatment is required.

Several surgical strategies can be used to overcome screw
loosening and associated instrument failure. One approach in-
volves the replacement of loosened screws with thicker, longer
screws, if possible!?. Sometimes a laminar hook or sub-laminar
wiring is used®”. However, because pedicle screw loosening is
usually associated with osteoporosis, surgical field extension of
instrumentation and biomaterials that aid solid bone fusion
should be applied. To achieve greater fixation strengths, PMMA
transpedicular screw augmentation could be added?.

However, instrumented segment extension increases surgical
morbidity and the possibility of complications. In the case of
rescue screws, Pitzen et al.'® reported that thicker and longer
rescue screws without augmentation did not produce any dif-
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ference as compared with virgin screws for cervical plating.

PMMA screw augmentation guarantees strong screw fixation.
Furthermore, complication rates associated with PMMA aug-
mentation are acceptable. One limitation of PMMA augmenta-
tion is the large amount required to achieve strong fixation”, as
large amounts of PMMA are associated with more extraosseous
extravasation and higher complication rates*'”. Although the
complication rates of PMMA augmentation are acceptable, sev-
eral critical reports have been issued regarding its complica-
tions'®. The ideal situation is to achieve a marked BMD improve-
ment, but if this is not possible, the option would be to obtain
strong fixation using less PMMA.

In this study, we measured the pullout strengths of modified
PMMA transpedicular screw augmentation for loosened pedi-
cle screws using the PMMA EABS technique, which is compa-
rable to other expandable pedicle screws and devices that in-
crease implant friction to bone using metal or interdigitated
PMMAP?2) PMMA EABS is straightforward and economical,
because it does not require new equipment. More importantly, it
appears to require relatively small amounts of PMMA. In the
present study, PMMA EABS achieved greater fixation strengths
using small amounts of PMMA than the traditional method.

Interestingly, traditional transpedicular screw augmentation
had weaker pullout results than expected. Burval et al.? reported
that traditional transpedicular PMMA augmentation provides
greater pullout strengths than control non-augmented screws.
However, they compared the pullout strengths of normal pedicle
screws and not those of pedicle screws in loosened holes. We be-
lieve that traditional transpedicular PMMA augmentation is im-
practical for rescue purposes after screw loosening.

In our opinion, the absence of a cortical flange influences re-
sults. The interior surfaces of failed screw holes are usually
smooth, and provide little scope for PMMA interdigitation. The
overall appearance of failed holes is conical, and there is no
flange to resist pullout (Fig. 3, left). For this reason, traditional
transpedicular PMMA augmentation creates little adhesion be-
tween bone and PMMA, and the augmentation eventually slips.
In the case of PMMA EABS, the insertion of a larger screw re-
sulted in PMMA being impacted into cancellous bone, which
we believe improves fixation strength (Fig. 3, right).

The possibility of pedicle breaches is a potential weakness of
PMMA EABS when it is applied with a thicker screw to non-
osteoporotic pedicles. In the present study, a 7 mm screw was
applied to 2 specimens, one of which was osteoporotic. In the
case of the non-osteoporotic specimen (#1), breaches occurred
at 3 of 7 pedicles during PMMA EABS. However, no breach oc-
curred during 7 mm screw insertion in the osteoporotic speci-
men (#2) (Table 2). BMD is related to pedicle breach during
PMMA EABS, because in osteoporotic pedicles, there is some
space within pedicles that might accommodate a thicker screw
and the PMMA, whereas no space is available in non-osteopo-
rotic pedicles.

In this study, PMMA EABS showed better pullout strengths

Pullout Strengths of Pedicle EABS | SH Kang, et al.

Fig. 3. Schematic illustrations of loosening holes, showing a loosened
screw hole on the left side and modified transpedicular polymethylmeth-
acrylate (PMMA) augmentation on the right. Loosened pedicle screw
hole exhibits a conical shape with no flange (red arrows). Modified trans-
pedicular screw augmentation increases screw holding power (short red
arrows) even without a flange and with only slight PMMA interdigitation.

for screws reinserted after loosening. However, the study is lim-
ited by the number of specimens used, a lack of BMD data for
all vertebrae, and no pedicle morphometric data. Furthermore,
only one mode of loading was used during testing. Nevertheless,
we believe the modified EABS-based method offers the promise
of successful rescue for pedicle screw loosening. Additional evi-
dence should be obtained by clinical study on more cases with a
long-term follow-up. Furthermore, in vivo studies are required
of the PMMA-bone interface to help understand changes in os-
teoporotic bone after PMMA screw augmentation.

CONCLUSION

The described study shows that the PMMA EABS technique
provides greater pullout strengths than traditional transpedicu-
lar screw PMMA augmentation for loosened pedicle screws. We
believe that pedicle cancellous bone and PMMA are packed
tightly by the thicker pedicle screw and that this improves screw
holding power. We believe that the PMMA EABS approach
could be used in osteoporosis patients with instrument failure.
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