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Abstract

Anterior cervical discectomy and fusion (ACDF) and cervical vertebrectomy with interbody fusion
(CVIF) are commonly performed spine procedures that rely on anterior plate fixation for stability.
This biomechanical study evaluated the effects of screw length, plate length, and posterior fixation
augmentation on the stability of anterior cervical fixation constructs under worst-case conditions.
Using osteopenic-grade polyurethane foam blocks, four construct configurations representing
discectomy and corpectomy models were tested with varying anterior plate lengths (22 mm, 34 mm),
screw lengths (14 mm, 16 mm), and the addition of posterior fixation. Static and fatigue testing were
performed using methods adapted from ASTM F1717, with fatigue run-out defined at 1.2 million
cycles to simulate the fusion period. Static testing demonstrated the lowest yield load in constructs
using a short plate with shorter screws. Fatigue testing showed that increasing screw length from 14
to 16 mm increased maximum fatigue load by 1.6-fold, while the addition of posterior fixation
increased fatigue capacity by 3.6-fold. Increasing plate length resulted in a modest reduction in
fatigue performance. These findings indicate that posterior fixation provides the greatest
improvement in construct fatigue resistance, while increased screw length offers a less invasive
means of enhancing stability, informing surgical strategies for high-risk ACDF and CVIF cases.

Keywords: spine; ACDEF; cervical; discectomy; vertebrectomy; corpectomy; biomechanical;
hardware; implant

1. Introduction

Anterior cervical discectomy and fusion (ACDF) is a commonly performed spine procedure that
can be performed for traumatic, neoplastic, infectious, and most commonly degenerative spinal
pathologies [1]. A cervical vertebrectomy and interbody fusion (CVIF) is a less commonly performed
spine surgery involving resection of an entire vertebrae to facilitate decompression of neurological
structures [2]. Although there are many described methods to achieve stability in an ACDF and CVIF,
an anterior plate fixation construct provides immediate stability to the cervical spine while the
anterior vertebral column undergoes fusion via the use of bone or synthetic graft [3]. Use of a plate
and screw construct also facilitates preservation of cervical lordosis, which is associated with a
positive long-term outcome [4]. ACDF and CVIP with an anterior plate are relatively successful
surgeries when done for a single segment and have a fusion rate of 97.1% and 92.9% respectively [5].

The risk of complications and need for potential reoperation with ACDF and CVIF increases
when surgery is performed on multiple levels. The most common complication is pseudarthrosis
secondary to inadequate biomechanical instability which can be up to 24% for surgery at two-levels,
42% at three-levels, and 56% at four-levels for ACDF [6]. Rates of reoperation for symptomatic non-
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union are 11.1% for ACDF and 11-28% for CVIF [6,7]. The addition of posterior fixation can augment
the stability of the construct and decrease rates of hardware failure, but it is also more invasive
resulting in higher operative morbidity [8]. Another way to reduce anterior hardware failure is to
decrease the risk of screw pull out through the use of longer screws [9]. Biomechanical studies have
shown that bicortical purchase results in the greatest pull-out strength, but this needs to be balanced
with the risk of neural compromise because of penetration of the posterior vertebral cortex [10].

Despite the theorized biomechanical advantage of increased screw length and added posterior
fixation, there are no biomechanical studies that investigate these relationships. This study aims to
investigate the impact of increasing screw length and adding posterior fixation on biomechanical
stability of anterior cervical fixation constructs modelled for single-level discectomy or corpectomy
in worst-case conditions. This study incorporated test methods described in ASTM F1717 using a
modified setup with the intent of creating a physiological model to predicate clinical outcomes of the
cervical constructs tested [11].

2. Materials and Methods
2.1. Bone Model

The material selected for the test blocks was Grade 10 polyurethane (PU) foam. PU foams are
reproducible analogs for standard test materials in testing orthopedic devices and instruments as
outlined in the American Standard of Testing Material (ASTM) F1839 [12]. The key deviation in our
test method from the ASTM F1717 protocol is the use of an osteopenic bone model, rather than the
Ultra-High-Molecular-Weight-Polyethylene (UHMWPE) test blocks with a recommended tensile
breaking strength of 40 + 3 MPa that are protocolized. PU solid foam test blocks were selected to
represent a more physiological model for testing and comparing construct performance. Grade 10
PU foam is meant to represent mildly osteopenic bone with a density of 0.16 g/cm? and a modulus of
elasticity of 58 MPa.

Another modification made to the ASTM F1717 protocol is that the test blocks were designed to
have a curved anterior face that matched the geometry of the plates and to represent vertebral
anatomy more accurately. Specifically, a cervical model with an overall size of 43 x 30 x 12 mm. Exact
dimensions are shown in Figure 1. Each test used a new set of blocks of the same design.

Figure 1. Replicated test block and dimensions.

2.2. Test Samples

All hardware used in this study was commercially available. The cervical anterior fixation
devices tested were the Cervical Spine Locking Plate (CSLP) Set. We used short (length 22 mm) and
long (length 34 mm) anterior plates. We used 14mm and 16mm length locking screws with these
plates.

The posterior fixation device tested was the Symphony Occipito-Cervico-Thoracic (OCT) System
Set by DePuy Synthes, which included two rods, four pedicle screws, and four set-screws.
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2.3. Test Apparatus

Static and dynamic axial compression tests were conducted on a calibrated load frame, verified
to standard ASTM E4 [13]. The test fixtures were modified from ASTM F1717 to accommodate
holding the custom PU test blocks and the anatomical positioning of the cervical constructs tested
(Figure 2). The fixtures were 3D printed from ABS instead of manufactured by stainless steel to
accommodate the complexity of the customized setup.

Figure 2. Test setup of the test block within the Thelkin load frame.

2.4. Construct Assembly

Two of the custom PU test blocks were inserted into the fixtures for each test construct. For all
test constructs, an anterior plate was used to attached to the upper and lower test blocks via four
uniform length anterior cervical screws (Figure 3). Pilot holes were made in the test blocks prior to
insertion to guide accurate screw and plate placement where they were centred in the middle of the
test blocks. Constructs with posterior fixation had an additional four tulip screws inserted into the
posterior side of the same test blocks where metal spinal rods were installed and secured with four
set screws (Figure 4). Constructs that included a short (22mm) plate were intended to simulate the
biomechanics of a discectomy and constructs that included a long (34mm) plate were intended to
simulate the biomechanics of a vertebrectomy. Overall, we had the following four types of constructs
assembled: 22mm plate + 14mm screws (Construct-1), 22mm plate + 16mm screws (Construct-2),
34mm plate + 14mm screws (Construct-3), and 22mm plate + 14mm screws + posterior rods
(Construct-4). The addition of posterior fixation in junction with anterior fixation is not recommended
by ASTM F1717, however, for our study we were interested in investigating the effect of combined
anterior and posterior fixation to evaluate construct performance. Interbody support was purposely
omitted from both discectomy and vertebrectomy models to simulate worst-case scenarios for our
modelled constructs.
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Figure 3. Test block construct with anterior plate fixation.

Figure 4. Test block construct with posterior rod fixation.

2.5. Static Testing

Static axial compression tests were conducted at a constant displacement rate of 10 mm/min
until a stop condition was reached. Stop conditions included mechanical failure of any test sample
component (screw, plate), test block failure (cracking, fracture), screw loosening, and fixture
impingement. Only one test sample replicate was performed per test construct.

Load (N), displacement (mm), and time (s) data was collected. Load versus displacement data
was plotted to calculate for the 2% yield load and displacement. The yield load was calculated as the
load required to produce a permanent deformation equal to 2% of the active length of the longitudinal
element (plate and rods). Stiffness was determined by the slope of the initial linear portion of the
load-displacement curve.

Test constructs were visually observed for evidence of mechanical failures such as fracture,
breakage, cracking, and permanent deformation during testing. Functional failures were observed as
inability to maintain applied loading, with or without mechanical failure. Failure location sites were
also reported.

2.6. Fatigue Testing

The same four cervical spine fixation constructs tested in static testing were evaluated in fatigue.
Fatigue tests were carried out through cyclic tensile loading at 2Hz following a sinusoidal load
pattern with a load ratio of R=10. The maximum fatigue loads for each test construct were guided by
the yield load results measured in the static testing portion of this study of their respective test
construct design. Run-out was reduced from 5 million (as recommended in ASTM F1717), to 1.2
million cycles to help identify potential weaknesses in the early post-operative period (<6 months).
One test sample replicate was performed for each construct type.

Stop conditions were either a 1.2 million cycle run-out completion, or failure (< 1.2 million
cycles). Failures were defined as functional or mechanical, following the same criteria as defined from
static testing. If a test sample completed run-out, the fatigue load was increased by 20 or 30N and re-
ran with the cycle counted reset back to zero. This format of fatigue loading was continued until a
failure occurred before reaching run-out of 1.2 million cycles. The aim was to evaluate mode of failure
and determine the maximum fatigue load for each construct.

Load (N), displacement (mm), time (s), and cycle count data were collected. Tests were
monitored daily to check for sample failure.

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.
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3. Results
3.1. Static Testing

The 2% yield load, yield displacement, maximum displacement at end of test, and construct
stiffness of the four different cervical fixation construct types are summarized in Table 1. All tests
were stopped due to test block failure or fixture impingement (Figure 5).

Table 1. Result summary of static tests.

Test Sample Yield Load (N) Yield Maximum Stiffness of
Displacement | Displacement at Construct
(mm) End of Test (N/mm)
(mm)

22mm plate + 25.6 1.98 4.54 16.6
14mm screws

22mm plate + 449 2.46 2.68 25.3
16mm screws

34mm plate + 59.8 6.15 7.82 10.5
14mm screws

22mm plate + 294.0 1.55 4.38 266.0

14mm screws +
posterior fixation

N 1
Sawbone failure

Fixture Impingement

Figure 5. Post-test images showing test block failure and fixture impingement.

3.2. Fatigue Testing

The construct that was able to complete 1.2 million cycles at the highest fatigue load was
Construct-4, tested at 180N in compression. With loading increased to 200N for Construct-4, it
reached failure at 718,011 cycles as a result of permanent deformation. Indicating that the addition of
posterior fixation significantly improves the performance and fatigue life of the construct, when
tested in a biomechanical model. Fatigue results are outlined in Table 2. Construct-1 failed due to
fixture impingement, while the three other construct types failed due to deformation.

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.
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Table 2. Result summary of fatigue testing.
Test Sample Maximum Maximum Number of Permanent
Fatigue Load Fatigue Loads | Cycles to Failure | Deformation of
that Completed | that Failed (N) of Failed Load Failed Load
1.2M Cycles (N) (mm)
22mm plate + 50 70 1035865 0.066!
14mm screws
22mm plate + 80 100 499422 0.267
16mm screws
34mm plate + 40 70 158400 0.296
14mm screws
22mm plate + 180 200 718011 1.569
14mm screws +
posterior fixation

! Fixture began impinging, despite the minimal permanent deformation.

4. Discussion

Fatigue testing revealed that the combination of a 22mm plate and 14mm screws failed with a
maximum fatigue load of 50N. Use of longer 16mm screws failed with a maximum fatigue load of
80N. Addition of posterior fixation to anterior 22mm plate and 14mm screws failed with a maximum
fatigue load of 180. Therefore, a 2mm increase in screw length resulted in a 1.6 times greater
maximum fatigue load leading to construct failure but addition of posterior fixation resulted in 3.6
times greater maximum fatigue load leading to failure. Fatigue testing revealed that the use of a
longer plate resulted in slight decrease in maximum fatigue load.

Our data suggests that posterior fixation in addition to anterior fixation is more effective in
increasing construct stability than increasing screw length alone. Despite the increased morbidity of
a dual (anterior and posterior) approach, this may be the construct of choice for patients undergoing
ACDF or CVIF with risk factors that predispose them to hardware failure and resultant deformity
such as smoking, metabolic syndrome, diabetes, obesity, younger age, chronic steroid use, or
malnutrition [7]. The increased stability of this construct can allow for the appropriate biomechanical
environment to minimize the rate of reoperation. Our data also suggests that increasing screw length
may be the simplest way of improving construct stability in both ACDF and VCIF without necessarily
exposing patients to an increased morbidity conferred with a dual approach.

These are all general trends that were to be expected based on existing knowledge regarding
implant and spine biomechanics, but this is the first time that the magnitudes of the impact of screw
length and addition of posterior fixation have been determined in the context of fatigue testing. Two
prior retrospective chart reviews have determined that screw length less than 75% of the vertebral
body diameter can result in increased interspinous motion and increased risk of hardware failure
[9,14]. These studies are helpful in identifying how screw length can radiographically impact fusion
rates in cervical spine surgery but may not be as useful intraoperatively. Based on patient
characteristics, a surgeon can use the information from our study to gauge if the biomechanical
advantage of increasing screw length by 2mm is worth the risk intraoperatively. There has been a
single finite element modelling (FEM) biomechanical study investigating the effect of screw length in
ACDF, but it investigated neck range of motion which is not an outcome of interest [15]. Two other
FEM studies have investigated the effect of anterior-only, posterior-only, and combined fixation on
annular/nucleus stress, instrument stress, and facet forces when a pure moment was applied [16,17].

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.
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These studies investigate how a single static force may lead to implant failure, rather than the fatigue
failure that we are interested in.

The ASTM F1717 standard recommends conducting fatigue tests up to 5 million cycles to
evaluate the endurance of spinal implant constructs under repeated loading conditions to simulate
several years of typical daily activities. However, such a long duration is not required in cases of
ACDF or CVIF as we would only require segment stability to allow for a critical period required to
achieve fusion. We purposely used a run-out cycle of 1.2 million cycles as this aligns with the
estimated number of cycles a construct would experience before achieving fusion. Another deviation
from the ASTM F1717 standard included modification of the test fixtures to more securely hold the
tested constructs. This was done to increase the reliability of our testing apparatus in applying axial
loading forces without introduction of translational or rotational forces.

We purposefully used PU bone models rather than cadaveric bone to ensure reproducibility of
our results and to limit the error that is introduced with non-uniform bone density that can be present
within and between cadaveric bone. The ASTM F1839 standard specification was designed
specifically for rigid polyurethane foam as a reliable and repeatable material for testing orthopaedic
devices and instruments mechanically. Testing in ultra-high molecular weight polyethylene
(UHMWPE) would not consider the quality of fixation of the implant to the vertebral bone. We
modified the protocol by using an osteoporotic bone model which is more clinically relevant as the
patients we are often operating on have diminished bone density. In our opinion, the use of
osteoporotic bone models has helped us gain more clinically relevant results based on our study
objectives.

Ultimately, this study is a biomechanical study using a synthetic bone model rather than a
randomized control trial in cadavers or humans. The use of a synthetic bone model allows for
consistency in our study, rather than the variability of bone density and anatomy that is present in
cadaveric studies. However, our study model does not account for the soft tissue structures present
around the neck that inherently interact dynamically with the hardware. Secondarily, our synthetic
bone model does not include simulation of cortex. This is a controversial topic in biomechanical
studies, but it should be noted that this is the standard of preliminary testing of spinal implants as
per the ASTM. Furthermore, it is safer to perform these tests in laboratory conditions rather than in
humans.

Even though we are intentionally testing our constructs under worst-case conditions, lack of
vertebral interbody graft in our cervical models can be considered another limitation of this study.
We are interpreting our study results in the context of ACDF and CVIF, but those surgeries have
some type of vertebral interbody graft to obtain fusion. The vertebral interbody graft inherently
confers some stability to the construct if it remains in the appropriate position during the fusion
process, and it is likely the addition of such a graft to our study would have altered the maximum
fatigue load outcomes, but it is difficult to know how much of a difference this would have made to
the relative constructs that we used [18].

We draw reasonable conclusions on general trends within our data to make suggestions for
ACDF and VCIF, however we did not specifically obtain data using a combination of 34mm plate
and 16mm screws, nor did we augment the vertebrectomy model with posterior fixation. We can
expect that increased screw lengths and addition of posterior fixation would increase maximum
fatigue loads in the VCIF models. These were not completed due to depletion of funds.

As with any study supported by external funding, there is potential for bias related to financial
sponsorship. While one of the grants was provided by an industry source and another by an academic
institution, all funding was applied solely to study-related activities. Measures were taken to ensure
objectivity in study design, data analysis, and interpretation. No sponsor had any role in the data
collection, statistical analysis, or manuscript preparation.
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5. Conclusions

Our findings suggest that while increasing screw length improves stability, posterior fixation
offers the most significant biomechanical benefit by improving fatigue capacity, thereby could reduce
the risk of hardware failure and kyphotic deformity. This is particularly true of the corpectomy model
where hardware failure and subsequent kypotic deformity are a significant concern. This study is the
first to quantify the impact of screw length and posterior fixation on construct stability through
fatigue testing, providing valuable insights for surgical planning in ACDF and CVIF procedures.
Furthermore, by modifying standard test methods for spinal fixation systems (ASTM F1717) to
incorporate analog bone models and a fusion rate specific run-out, we have tested within a clinically
relevant scenario for evaluating anterior cervical fusion constructs.
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Abbreviations

The following abbreviations are used in this manuscript:

ACDF Anterior cervical discectomy and fusion
CVIF Cervical vertebrectomy and interbody fusion
ASTM American Standard of Testing Material

PU Polyurethane

UHMWPE Ultra-high-molecular-weight polyethylene
CSLP Cervical spine locking plate

OCT Occipito-cervico-thoracic

FEM Finite element modelling
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