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Abstract

BACKGROUND

The majority of published data report the results of biomechanical tests of various
design pedicle screw performance. The clinical relevance and relative contribution
of screw design to instrumentation stability have been insufficiently studied.

AIM
To estimate the contribution of screw design to rate of pedicle screw loosening in
patients with degenerative diseases of the lumbar spine.

METHODS

This study is a prospective evaluation of 175 patients with degenerative diseases
and instability of the lumbar spine segments. Participants underwent spinal
instrumentation employing pedicle screws with posterior only or transforaminal
interbody fusion. Follow-up was for 18 mo. Patients with signs of pedicle screw
loosening on computed tomography were registered; logistic regression analysis
was used to identify the factors that influenced the rate of loosening.

RESULTS

Parameters included in the analysis were screw geometry, type of thread, external
and internal screw diameter and helical pitch, bone density in Hounsfield units,
number of levels fused, instrumentation without anterior support, laminectomy,
and unilateral and bilateral total facet joint resection. The rate of screw loosening
decreased with the increment in outer diameter, decrease in core diameter and
helical pitch. The rate of screw loosening correlated positively with the number of
fused levels and decreasing bone density. Bilateral facet joint removal signifi-
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cantly favored pedicle screw loosening. The influence of other factors was insigni-
ficant.

CONCLUSION

Screw parameters had a significant impact on the loosening rate along with bone
quality characteristics, the number of levels fused and the extensiveness of
decompression. The significance of the influence of screw parameters was
comparable to those of patient- and surgery-related factors. Pedicle screw
loosening was influenced by helical pitch, inner and outer diameter, but screw
geometry and thread type were insignificant factors.

Key Words: Degenerative diseases; Lumbar spine; Pedicle screw design; Pedicle screw
loosening

©The Author(s) 2021. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: The published data on the contribution of pedicle screw design to pedicle
screw stability remain controversial. According to the study results, the influence of
screw parameters was comparable to that of patient- and surgery-related factors. The
rate of pedicle screw loosening was influenced by helical pitch, inner, and outer
diameter, but the influence of screw geometry and thread type was not significant.

Citation: Bokov A, Pavlova S, Bulkin A, Aleynik A, Mlyavykh S. Potential contribution of
pedicle screw design to loosening rate in patients with degenerative diseases of the lumbar
spine: An observational study. World J Orthop 2021; 12(5): 310-319

URL: https://www.wjgnet.com/2218-5836/full/v12/i5/310.htm

DOI: https://dx.doi.org/10.5312/wjo.v12.i5.310

INTRODUCTION

Severe symptomatic degenerative diseases of the lumbar spine are frequently
encountered morbid conditions, for which clinically significant improvement can only
be achieved by pedicle screw fixation and fusion. Pedicle screw fixation, however, is
associated with frequent complications, notably screw loosening, which has an overall
reported rate of from 0.8% to 27% and over 50% in patients with osteoporosis[1-4].
Taking into account complication-related concerns, several strategies have been
suggested to reduce the risk of implant failure, among which optimal screw design
might play a considerable role[5].

Although the potential impact of screw design on pedicle screw instrumentation
failure is a topic of interest in the literature, the pros and cons of each design alteration
are still unresolved[5]. The most frequently used strategy is an increase in external
diameter with an optimal thread depth[6,7]. Also, it is widely assumed that a conical
screw geometry provides additional pullout resistance[8-10]. While some authors
expect that an optimal screw shape and helical thread pitch may provide additional
bone purchase benefit, screw performance in normal and osteoporotic models remains
controversial[5,8,9].

Among the many factors that affect pedicle screw fixation stability, the most
thoroughly studied is bone quality. At present, there is growing evidence that bone
radiodensity in Hounsfield units (HUs) can be used to predict implant failure and
pseudoarthrosis[4,11,12]. The extension of fixation, anterior support with interbody
cages, screw insertion technique including depth and angulation may strongly
influence the pedicle screw loosening rate, potentially blurring the results of ex-vivo
studies[3,13-15]. Applying the results of ex-vivo experiments is problematic, because in
the vast majority of studies, pullout tests barely mimic the biomechanics of screw
loosening[7,16]. Finally, the reported data on pedicle screw loosening remain contro-
versial because of differences in the criteria used as indicators for implant loosening
and heterogeneity of the enrolled groups[3].

The study aim was to estimate the contribution of screw design to the rate of pedicle
screw loosening and its interrelation with other risk factors in patients with
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degenerative diseases of the lumbar spine.

MATERIALS AND METHODS

Study population and data collection

This study was a single-center prospective evaluation of 175 nonconsecutive patients
with degenerative diseases of the lumbar spine with instability of spinal segments
including 60 men and 115 women with a male-to-female ratio of 0.52. The average age
of the participants at the time of surgery was 54 years (standard deviation = 14.12;
range 28-76 years). Patients with only axial pain and those who presented with
neurological symptoms associated with spinal stenosis were enrolled. Participants
underwent spinal instrumentation employing pedicle screw fixation with posterior
fusion stand-alone or with transforaminal interbody fusion supplementation during
the years 2012 to 2017. The duration of follow-up was 18 mo. Radiographic criteria of
pedicle screw loosening were used to assess outcomes as numeric scores can be biased
by causes not associated with the surgery. The study was reviewed and approved by
the local institutional review board, given that no additional risks were anticipated.

Inclusion and exclusion criteria

The inclusion criterion was presence of degenerative disease of the lumbar spine with
unstable spinal segments and confirmed by functional radiograms or the presence of
low-grade symptomatic unstable spondylolisthesis. Indications for spinal instru-
mentation were: (1) Neurological deficit associated with spinal stenosis; (2) Neuro-
genic claudication; (3) Evidence of spinal segment instability; (4) Axial and radicular
pain syndromes with a visual analog scale score of over 4 (0-10); and (5) An Oswestry
Disability Index score of over 40% and resistant to repeated conservative treatment for
3 mo.

The exclusion criteria were: (1) High-grade spondylolisthesis (grades 3 and 4); (2)
Degenerative deformities that required fixation of more than five segments or
spinopelvic fixation; (3) Tumor-related lesions of the lumbar spine; (4) Sagittal and
frontal imbalance and spinopelvic parameter mismatches that required more than five-
segment fixation and spinopelvic fixation; (5) Hospitalization for revision surgery; (6)
Screw malposition and redirection detected on postoperative computed tomography
(CT) images; (7) Different types of fusion applied on different levels; and (8) Different
screw designs and sizes applied for pedicle screw fixation. This exclusion criterion was
the reason why the study cohort was not consecutive.

Preoperative assessment

Before the procedure, all patients underwent functional X-ray imaging and CT
evaluation. The criterion for spinal instability was anterior translation greater than 3
mm or rotation more than 10°[17]. CT was used as a part of the preoperative work-up.
The CT scans were performed from the T12-L5 levels using a single CT scanner
(Aquilion 32, Toshiba Corporation). The scans used a slice thickness of 0.5 mm and
covered a scan area of 50 cm. The scan parameters included tube voltage 120 kV, tube
current 300 mA, auto mAs range 180 to 400; 1.0 s/3.0 mm/0.5 x 32, helical pitch 21.0.
Integrated software was used for calculations of bone density (Vitrea Version
5.2.497.5523) incorporating a window width/window level ratio of 2000/500. During
CT evaluations, measurements of a vertebral body cancellous bone radiodensity in HU
were obtained at standard level of L3 in the sagittal, axial, and coronal planes; those
measurements were taken by two independent radiologists. Measurements in the axial
plane were taken at the level of the middle of the pedicles while those in the sagittal
and coronal planes were taken along the geometric center of the vertebral body. Oval-
shaped trabecular bone samples were selected using the maximal achievable diameters
without traversing into cortical bone to calculate bone density in each plane. Using
those values, an average radiodensity was calculated for each case.

Operative techniques

Pedicle screw fixation with different types of polyaxial screws was used, either to
augment posterolateral fusion alone or with interbody fusion. Screws with a conical
core and thread (con/con), cylindrical core and thread (cyl/cyl), or cylindrical thread
and conical core (cyl/con), with either V-shaped or buttress threads were used. The
size of the pedicle screws was 6, 6.5, 7, or 7.5 mm. The applied technique was a
standard strait trajectory for screw placement and either Wiltse or conventional open
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screw placement. The surgeon qualification was at least 7 years of experience. Pedicle
screws were introduced at least to the anterior third of a vertebral body; bicortical
screw placement was not used in the enrolled patients. Transforaminal lumbar
interbody fusion (TLIF) with a single cage, or posterior fusion only were used in this
study. Only autografts of locally harvested bone was used to perform TLIF and
posterior fusion. If indicated, decompression of the nerve roots and spinal cord was
performed. The extent of the applied decompression was classified by structures
removed (i.e. unilateral facet joint removal, bilateral facet joints with interspinous
ligament removal, and laminectomy).

Follow-up protocol

The duration of follow-up was 18 mo. All patients underwent CT evaluation at the 6,
12, and 18 mo after surgery. Patients with pedicle screw loosening detected on CT
images were registered. The criterion for screw loosening was a 1 mm or greater
radiolucent zone around the screw, a double halo sign, or both[3]. Figure 1 includes a
CT image in a patient with signs of pedicle screw loosening. Finally, patient outcomes
were reported in a dichotomized scale either with the presence signs of pedicle screw
loosening regardless the number of the involved screws, or absence of this compli-
cation.

Statistical analysis

Power analysis employing a Monte-Carlo method with 2000 simulations was used to
calculate the required sample size (NCSS PASS 2008 v8). The association between
screw loosening rate (dichotomized scale) and potential risk factors (both, continuous
and dichotomized) was assessed with a general multivariate logistic regression model
(Statistica 12, SPSS 22).

RESULTS

The characteristics of the enrolled group are shown in Table 1. By the end of the
follow-up period, CT signs of pedicle screw loosening were present in 71 (40.6%)
patients, 29 (16.6%) of whom presented with axial pain and Oswestry Disability Index
scores over 40; the other 29 patients underwent revision surgery. The high prevalence
of CT loosening signs can be explained by a considerable proportion of patients with
radiodensities below 110 HU, which has a 90% specificity of osteoporosis detection.
The screw parameters used in the analysis were con/con, cyl/cyl, cyl/con designs, V-
shaped vs buttress thread, external, internal screw diameter, and helical pitch. The
characteristics of screws used in this study are shown in Table 2.

Patient- and surgery-related factors were bone density measured in HU, number of
fused levels (the extension of fixation), posterior fusion performed without anterior
support vs anterior support applying TLIF, and the extent of decompression (from no
decompression performed, to laminectomy, unilateral and bilateral total facet joint
resection). The parameters included in the general multivariate logistic regression
model with highest explanatory value are shown in Table 3.

The most significant non-implant-related factors contributing to pedicle screw
loosening were the number of fused levels and radiodensity. The rate of screw
loosening correlated positively with the number of fused levels and decreasing bone
density. Bilateral facet joint removal significantly contributed to pedicle screw
loosening and the impact of laminectomy was not significant. Technical solutions with
pedicle screw fixation and posterior fusion only vs cases supplemented with TLIF were
not significantly associated with the loosening rate.

We found that screw parameters also strongly influenced the frequency of
loosening. The rate of pedicle screw loosening decreased with increase in outer
diameter and decrease in core diameter. A small helical pitch was associated with a
decrease in the pedicle screw loosening rate. Neither thread type or screw design
(con/con, cyl/con, cyl/cyl) had a significant influence on pedicle screw loosening. The
overall goodness of fit of estimated general multivariate model was y? = 64.5554, P <
0.0001. The model correctly classified 78.86% of cases and had a 86.54% specificity and
67.61% sensitivity.
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Table 1 Characteristics of the study patients, n (%)

Characteristic

Patients, n (%)

Number of levels fused

1level 115 (65.7)
2 levels 47 (26.9)
3 levels 16 (9.1)

4 levels 1(0.6)

5 levels 1(0.6)
Fusion type

Posterior fusion only 25 (14.3)
TLIF 150 (85.6)
Amount of decompression

No resection of posterior structures 18 (10.3)
Laminectomy 46 (26.3)
Unilateral total facet joint removal 108 (61.7)
Bilateral total facet joint removal on at least one level 46 (26.3)

Bone characteristics

Radiodensity, HU

M =126.25 £ 3.20 SD = 42.31, range 43.17-282.07

HU: Hounsfield units; TLIF: Transforaminal lumbar interbody fusion.

Table 2 Characteristics of the screws used in this study

Design External diameter (max) Internal diameter (max) Helical pitch Type of thread n (%)
cyl/cyl 6.5 4.0 3.0 Buttress 6(3.4)
cyl/cyl 7.5 45 3.0 Buttress 9(5.1)
cyl/con 6.5 4.0 2.5 Buttress 40 (22.9)
cyl/con 7.5 5.0 2.5 Buttress 4(2.3)
con/con 6.0 4.0 3.0 V-shape 48 (27.4)
con/con 7.0 45 3.0 V-shape 5(2.9)
con/con 6.0 45 25 V-shape 49 (28.0)
con/con 7.0 5.5 2.5 V-shape 14 (8.0)

con/con: Conical core and thread; cyl/con: Cylindrical thread and conical core; cyl/cyl: Cylindrical core and thread.

JBaishideng®

DISCUSSION

Among the few surgical means of achieving clinically significant results, pedicle screw
fixation is associated with various implant-related complications, and one of the most
frequently reported is pedicle screw loosening[3]. Along with degenerative diseases of
the spine, osteoporosis is also a frequently encountered morbid condition in older-
adult populations. Even though altered bone quality is not an absolute contrain-
dication for spinal surgery with pedicle screw fixation, it may increase the risk of
implant instability, with reported rates as high as 50%-60%[1,3]. One of the approaches
intended provide maximal stability of pedicle screw fixation is an alteration of screw
design including differences in geometry, type of thread and helical pitch, and in the
ratio of internal to external diameter[5,8-10,18]. Despite a considerable amount of
research published on this topic, the reported results remain controversial[5].
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Table 3 Parameters included in the general logistic regression model

Parameter

Regression coefficient OR per unit change with 95%Cl

Intercept

Radiodensity, HU

Number of fused levels

Bilateral total facet joints removal (at least one level)
Laminectomy

Posterior fusion performed without interbody fusion
Maximal external screw diameter

Maximal internal screw diameter

Helical pitch

Thread type (buttress vs V-shape)

Design cyl/cyl

Design cyl/con

—4.819065; P = 0.3617
-0.0271586; P < 0.0001
1.111651; P < 0.0001
1.124871; P = 0.4359
0.4418158; P = 0.5333
-0.4247137; P = 0.4550
—5.966555; P = 0.3798
6.430714; P = 0.0253
4.611687; P = 0.0081
-1.034237; P = 0.9949
0.1446205; P = 0.8568
-1.731799; P = 0.2767

0.2718265; P = 0.7594

0.9732 (0.9623-0.9842)
3.0394 (1.7566-5.2590)
3.0798 (1.0023-9.2781)
1.5555 (0.5090-4.7533)
0.6540 (0.2128-2.0097)
0.0026 (0.000009-0.7153)

620.61 (2.2363-172234.6)

100.6538 (3.3668-3009.1310)

0.1070 (0.0090-1.2659)
1.1566 (0.2378-5.6156)
0.1769 (0.0077-4.0602)

1.3124 (0.2282-7.5451)

Design con/con

CI: Confidence interval; con/con: Conical core and thread.; cyl/con: Cylindrical thread and conical core; cyl/cyl: Cylindrical core and thread; HU:
Hounsfield unit; OR: Odds ratio.

Figure 1 Computed tomography image of the lumbar spine in the coronal plane. Bilateral double halo sign is evident as a radiolucent zone around
pedicle screws surrounded by sclerotic bone.

It has been shown in ex-vivo experiments that an increase in external diameter
enhances the pullout strength of a screw although pedicle size and the risk of pedicle
fracture limit application of this strategy[5,18-20]. By additionally increasing the depth
of thread the interface of bone and screw can be considerably strengthened, however
this effect can be achieved only if internal diameter is decreased[19]. The results of our
study are in agreement with previously reported data and demonstrate that the rate of
pedicle screw loosening declined with increase in outer diameter and decrease in core
diameter. Surprisingly, helical pitch turned out to be a parameter that had a statist-
ically significant influence on the pedicle screw loosening rate. According to the
regression analysis results, a decrease of the helical pitch was associated with a decline
in the pedicle screw loosening rate. The potential influence of helical pitch on bone and
screw interface strength is still debated in the literature. In theory, pedicle screws with
a small helical pitch provide a maximal contact area between the screw thread and
bone[5,10,18,19]. On the other hand, it has been reported that pedicle screws with a
small helical pitch sometimes have a decreased resistance to pullout forces[5,21]. The
explanation for the observed discrepancies is that a smaller helical pitch results in an
increase in coverage between bone and thread enhancing pullout strength only until
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the bone is damaged|[5,21].

The potential influence of thread type and screw geometry is frequently discussed
in the literature, but the results remain controversial to some extent. It has been
reported that conical screws are superior to cylindrical screws because of additional
compression of the surrounding bone[5,9,10]. Some studies have reported that pedicle
screws with a cylindrical thread and conical core provided maximal pullout
resistance[8]. Screws with a buttress thread might be expected to provide increased
strength at the bone-screw interface because of its geometry, however pedicle screws
with a V-shaped thread were found to have superior pullout strength in foams that
mimic osteoporotic bone[8]. On the other hand, buttress and V-shaped threads had
about the same pullout strength in foam that reproduced normal bone density[8]. The
results of those studies demonstrate that the effect of different thread types might
depend on bone quality. The results of our study demonstrate, that in a cohort of
patients with having nonstandardized bone quality, the geometry of screw and thread
type turned out to be insignificant factors.

A potential source of controversies related to screw design is the way screws are
tested ex-vivo. Even though the most frequently used pullout test can be easily
standardized and reproduced, it has limited relevance to screw loosening mechanisms
in vivo because cases with pullout failure account for only 0%-1.3% of the causes|[7].
The surgical technique may also interfere with the results of screw testing in clinical
trials. It has been reported that multilevel fusion may favor pedicle loosening because
of an increased load on the pedicle screws[1,3,14]. It has been clearly shown that
excessive resection of ligaments, facet joints, and laminectomy are associated with the
increased range of movements in a spinal segment[22,23]. Taking into account that the
most reliable mechanisms of screw loosening were considered cyclic caudocephalad
toggling and rotational stress causing micromovements between the vertebral body
and screws, extensive decompression may favor screw loosening[16,24]. It has been
reported that the lack of anterior support and even fusion type may also impact the
stability of spinal instrumentation[3,25,26]. For those reasons, those factors were also
taken into account to assess their relative contribution to pedicle screws loosening.
Finally anterior support did not significantly influence the screws loosening rate in our
study.

Measurements of bone density in HU was used in this study as a predictor because
of growing evidence that those figures can be used to predict implant failure and
pseudoarthrosis. Furthermore if a 120 kV tube is used, then HU values can be
converted to mineral density[4,11,12,27,28]. The results of our study demonstrate that
the radiodensity of vertebral body cancellous bone and the extensiveness of fixation
were the most significant nonimplant-related contributing factors to pedicle screw
loosening. The rate of screw loosening was positively correlated with the number of
fused levels and with decreasing bone density, which is in agreement with previously
reported data. The results of this analysis confirmed that total removal of bilateral
facet joints slightly increased the pedicle screw loosening rate and that the impact of
laminectomy was not significant. The influence of fusion by TLIF vs posterior fusion
only on the pedicle screw loosening rate was not significant.

Finally the study results demonstrate the clinical relevance of previously reported
biomechanical findings and provide additional evidence that screw parameters may
have a considerable influence on the loosening rate. The significance of the contri-
bution of screw parameters was comparable to that of patient- and surgery-related
factors.

Limitations

This study limitations include enrollment of a nonconsecutive patient cohort because
individual patients with different screw types and sizes were excluded. The
prevalence and significance of pseudoarthrosis was not studied because that aim
would have required a different study design. Collinearity of some screw parameters
may have influenced the results of the analysis. On the other hand, the study provides
evidence sufficient to conclude that screw parameters strongly influenced the rate of
pedicle screw loosening.

CONCLUSION

Screw parameters have a significant impact on pedicle screw loosening rate along with
bone quality characteristics, the number of levels fused, and the extent of
decompression. The significance of the impact of screw parameters was comparable to
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the influence of patient and surgery-related factors. The complication rate is influenced
by helical pitch and inner and outer screw diameter. The impact of screw geometry
and thread type was not significant.

ARTICLE HIGHLIGHTS

Research background

Because of aging populations worldwide the number of spinal instrumentations
performed annually is increasing dramatically. The most frequently encountered
comorbidity in elderly adults is osteoporosis, which is a main reason for development
of pedicle screw instability. Strategies to increase pedicle screw fixation stability
include changes in pedicle screw design, but evaluations of pedicle screw loosening
are controversial because of differences in the criteria used as indicators for implant
loosening and heterogeneity of study groups.

Research motivation

It has be assumed that pedicle screw design influences the stability of the bone-screw
interface and it has been extensively studied. The weak points of those studies is in the
extrapolation of mechanical data and the results of pullout tests that to clinical
practice. It is clear that pullout forces cause minority of cases of pedicle screw
instability and that and bone characteristics influence the performance of screws. The
strong point of our study is that the influence of screw parameters were tested.

Research objectives
The study aim was to test the impact of a screw design on loosening rate and to assess
how screw parameters interfere with patient- and surgery-related factors.

Research methods

This study was a prospective evaluation of 175 patients with degenerative bone
diseases and instability of lumbar spine segments. Participants underwent spinal
instrumentation employing pedicle screws with posterior only or transforaminal
interbody fusion. Follow-up was for 18 mo. Patients with signs of pedicle screw
loosening signs on CT were registered; logistic regression analysis was used to identify
the factors associated with loosening, including screw parameters, bone characteristics,
and surgery-related factors.

Research results

Parameters included in the analysis were screw geometry, thread type, external and
internal screw diameter and helical pitch, bone density in HUs, the number of levels
fused, instrumentation without anterior support, laminectomy, and unilateral and
bilateral total facet joint resection. The rate of screw loosening decreased with an
increase in outer diameter, decrease in core diameter, and helical pitch. The rate of
screw loosening was positively correlated with the number of fused levels and with
decreasing bone density. Bilateral facet joint removal significantly favored pedicle
screw loosening. The influence of other factors was not significant. The overall contri-
bution of screw design to loosening rate was comparable to that of patient and
surgery-related factors.

Research conclusions

Screw parameters had a significant impact on loosening rate along with bone quality
characteristics, the number of levels fused, and the extent of decompression. The
significance of the influence of screw parameters was comparable to that of patient-
and surgery-related factors. The pedicle screw loosening rate was influenced by helical
pitch, inner, and outer screw diameter. The influence of screw geometry and thread
type was not significant.

Research perspectives

We assume that the rational application of implants of various designs can result in a
decrease in implant-related complications, but the design characteristics may interfere
with patient- and surgery-related factors. To identify additional effects, including
those of higher order, and to address the potential bias relevant to collinearity, a
cohort study with enrollment of more patients is required. Multivariate analysis can
help in the design of randomized case-control trials that can address potential sources
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of study bias.
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