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OPEN A biomechanical study of locking

spongious screws and failure rates
are higher than expected in plate
fixation

Fatih Parmaksizoglu'™, Onur Cetin?, Sinan Kilic3 & Yener Ince*

Locking plates have a rapidly growing process especially in the past decades and results are
satisfactory especially in the osteoporotic bones compared to non-locking compression plates. There
are many forms of failure in the fracture fixation of locking plates, and screw pull-out is one of the
main failure reasons. In this study, we aim to investigate pull-out failure in locking plates using locking
spongious screws. The pull-out force of an FDA approved locking plate system (LPS) and anonymous
locking plate using the single lead head locking spongious screw (LPULSS) was evaluated in vitro on
the PCF-15 and PCF-10 osteoporotic sawbone models. A total of 28 individual plate-bone models were
tested and pull-out force was evaluated on a distraction machine. The moment of separation of the
screws from the bone blocks was noted. In the first study using PCF15 bone model, in Group 1, the
pull-out force has an average of 606.82 N. In Group 2, the pull-out force has an average of 294.15 N.
According to these results, Group 1 adhere to the bone model 206.29% more strongly than those

in Group 2 (P=0.025). In the second study using PCF 10, in Group 3, the average pull-out force was
166.50 N and in Group 4 the average was 42.83 N. According to these results, Group 3 adhere to the
bone model 388.74% more strongly than those in Group 4 (P=0.002). Locking plates are mostly used
in osteoporotic bones and this study demonstrated that the single lead head locking spongious screws
which is currently used worldwide have a serious technical problem which arouses with difference of
the thread pitch distances on the body and on the head causes pull-out failure.
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Background
Especially in the past decades, it can be observed that locking plates have been in a rapidly growing industrial
process. This may be attributed to the problems experienced in the classical non-locking plates usage in
the osteoporotic bone treatment. Locking plates have very satisfactory results, especially in the fixation of
osteoporotic bones, periprosthetic fractures and comminuted fractures!. Axial, torsional, and bending forces at
three points need to be neutralized for bone fixation?. In non-locking compression plates, fixation is achieved
by the friction forces between the plate and the bone and friction forces are created by the screws pulling the
bone through the plate. As a result, primary bone healing occurs without callus formation (endosteal healing).
In locking plates, unlike compression plates, there is a rigid and fixed angular connection between the screws
and the plate and shear forces converted into compressive forces at the screw-bone interface?. In addition,
screws resist the deforming forces as a unified structure with the plate with forces distributed across all screws**.
Locking plates have a flexible fixation that allows three-dimensional micro-movement between bone fragments
and resulting in secondary bone healing with callus formation (enchondral healing)>®. Locking plates provide
more successful results in osteoporotic bones compared to conventional plates due to these properties!®. Bone
fixation with locking plate creates a better environment for fracture healing which can be called biological
fixation, instead of full rigid fixation’.
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There are many forms of failure in the fracture fixation of locking and compression plates, and screw pull-out
is a failure more frequently observed in compression plates®®. It is known that the rapidly developing industry
produces locking spongious screws. However, they were not described in the original locking plate-screw models.
These locking spongious screws are encouraged to be used in osteoporotic bones and metaphyseal regions by
the industry. We think that the lack of a scientific basis underlying the production of locking spongious screws,
which the industry produces to increase fixation quality, also brings some problems.

Our hypothesis is that the use of locking spongious screws with a single lead on the head in locking plates
significantly increases the risk of pull-out and decreases the fixation quality on osteoporotic bone. Our aim is
to compare the fixation quality of locking spongious screws in locking plates with the FDA approved original
locking plate system with locking cortical screws with a biomechanical study on osteoporotic bone models.

Materials and methods

The pull-out strength of the FDA approved original standard locking plate (“LPS”, Merillife Healthcare, Gujarat,
India) and anonymous locking plate using the locking spongious screw (LPuLSS) acquired from the medical
market was evaluated in vitro on the osteoporotic bone models. To standardize the tests, we used a sawbone
model manufactured by Pacific Research Laboratories (Vashon, Washington). Sawbone model is a solid rigid
polyurethane foam manufactured especially for testing screw pullout, insertion and stripping torque. A study
by Patel et al. reported that PCF-20 test results gave similar values with a normal density bone and PCF-10 can
be considered as a low density osteoporotic human cancellous bone®. To compare osteoporotic human bone, we
used two different low density of sawbone models which are PCF 15 and PCF 10 (Pacific Research Laboratories,
Vashon, Washington). Each bone model was divided into two groups: one group with LPS and the other group
with the LPuLSS.

Technical specification of the standart FDA approved original locking screw in LPS we used in the test; screw
thread (outer) diameter is 5 mm, screw core diameter is 4.4 mm, screw body thread pitch distance is 1 mm,
screw head thread pitch (double lead) distance is 0.5 mm (Fig. 1). To test the screw pull-out, we used a 6-holes
3.5 mm dual hole (with locking and compressing slots) titanium plate (“LPS”, Merillife Healthcare, Gujarat,
India) and a 6-holes 3.5 mm dual hole (with locking and compressing slots) titanium locking compression plate
acquired from the local medical market.

Technical specifications of the locking spongious screw of locking plate acquired from the medical market
we used in the test were that the thread (outer) diameter is 6.5 mm, core diameter is 4.6 mm, screw body thread
pitch distance is 3 mm, screw head thread pitch (single lead) distance is 0.8 mm (Fig. 1).

The first study using the PCF 15 bone blocks (Pacific Research Laboratories, Vashon, Washington), the pull-
out forces of LPS and LPuLSS were compared using two screws. In this study utilized with PCF 15, the group
using LPS was noted as Group 1, and the group using LPuLSS was noted as Group 2. A total of fourteen blocks
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Fig. 1. Technical details and actual footage of the locking screws ((A) Locking screw of LPS; (B) Locking
spongious screw of LPuLSS).
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of the Sawbones PCF 15 artificial bone blocks, each measuring 18 x 45 x 180 mm, were prepared for two groups,
7 blocks for each group. The plates were placed in the middle of the PCF 15 bone blocks. LPS’ were fixated with
their original equipment; two guide holes were drilled with a 3.2 mm drillbit using a sleeve at seven cm intervals.
Then, two locking screws were locked to the plate using a 3.0 Nm torque screwdriver, with the ends of the screws
protruding 5 mm from the other surface. Similarly, LPuLSS’ were prepared on bone models. Guide holes were
drilled 3.5 mm in diameter at seven cm intervals using a sleeve. The plates were fixated to the bone models with
two locking spongious screws using a 3.0 Nm torque screwdriver, with the ends of the screws protruding 5 mm
from the other surface.

In the second study utilized PCF 10 bone blocks, which is more osteoporotic than PCF 15 bone blocks, were
used as the bone model. In this study, the pull-out forces of LPS and LPuLSS were compared using a single screw.
In this study utilized with PCF 10 bone blocks, the group using LPS was noted as Group 3, and the last group
using LPuLSS was noted as Group 4. In group 3, plates were placed in the middle of the PCF 10 bone blocks, and
a single guide hole drilled with 3.2 mm drillbit in the center of the plate using a sleeve. One screw was locked to
the plate using a 3.0 Nm torque screwdriver, with the end of the screw protruding 5 mm from the other surface.
In Group 4, plates were placed on the center of the bone models, and a guide hole drilled with 3.5 mm drillbit at
the center of the plate using a sleeve. The locking spongious screw was locked to the plate using a 3 Nm torque
screwdriver, with the end of the screw protruding 5 mm from the other surface.

Tests were performed on the Shimadzu AGS-X test machine (Fig. 2) and a pulling apparatus was created for
the test (Fig. 3B). Pulling apparatus is a steel plate with a round head that can be covered and held tight by the
pulling part of the Shimadzu AGS-X test machine. Cylindrical head hexagonal steel screws used to lock pulling
apparatus to the LPS or LPuLSS.

To ensure that the pulling apparatus sits properly on the LPS or LPuLSS and fixed, four screw holes were
drilled on each locking plate at appropriate locations before tests were operated (arrows in Fig. 3A). The pulling
apparatus was connected with four cylindrical head hexagonal steel screws to the locking plates through these
holes prepared on the plates (arrows in Fig. 3B) and the final construct is ready for the test (Fig. 3C). Final
construct consists of a PCF-10 or PCF-15 bone model locked with a LPS or LPuLSS and a pulling apparatus sits
on locking plate with four cylindrical head hexagonal steel screws to pull the locking plate out of the bone model
(Fig. 3C).

@ SHIMADZU

Fig. 2. Shimadzu AGS-X machine testing platform.
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Fig. 3. (A) LPS plate fixed on the PCF-10 bone block with single screw. (B) Pulling apparatus. (Arrows
demonstrate the new screw holes for the pulling apparatus attachment to the plate for the test). (C) Final
construct of testing material with PCF-10 bone block.

The pulling apparatus fixated on each plate-bone models respectively and the force on the pulling apparatus
gradually increased with the Shimadzu AGS-X Distraction Machine. While the fixed part of the Shimadzu
AGS-X Distraction Machine held the bone block, the pulling apparatus pulled the plate upward, trying to
separate the plate and screws from the bone block. The amount of pulling force evaluated on the monitor screen
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PCF-15 with 2 Screws PCF-10 with Single Screw
Sample Group 1 Group 2 Group 3 Group 4
1 729.01 140.58 146.87 48.47
2 426.79 237.42 197.56 76.26
3 917.99 120.66 178.18 33.25
4 883.31 156.89 213.52 45.35
5 632.40 151.18 138.96 39.03
6 426.88 626.36 158.01 23.34
7 231.33 625.95 132.43 34.08
Mean (IQR25-75) | 606.82 (426.79-883.31) | 294.15 (140.58-625.95) | 166.50 (138.96-197.56) | 42.83 (33.25-48.47)
P* 0.025 0.002

Table 1. Pull-out force (N) test results of individual materials in all 4 groups. *Mann Whitney U test.

in Newtons, and the moment of separation of the plate and screws from the bone blocks was detected instantly,
and these forces were also recorded numerically on the screen.

Results

The results obtained from the tests were presented numerically. In the study using the PCF15 bone model, in
Group 1, the mean pull-out force was 606.82 N (IQR25-75; 426.79-883.31). In Group 2, the mean pull-out force
was 294.15 (IQR25-75; 140.58-65.95). According to these results, in the study with PCF 15 using two screws,
the plates used in Group 1 adhere to the bone model 206.29% strongly than those in Group 2 with a statistically
significance result (P=0.025) (Table 1).

In the results of the study using a single screw and PCF 10, in Group 3, the mean pull-out force was 166.50 N
(IQR25-75;138.96-197.56). In Group 4, the mean pull-out force was 42.83 N (IQR25-75; 33.25-48.47). According
to these results, in the study with PCF 10 using a single screw, the plates used in Group 3 adhere to the bone
model 388.74% strongly than those in Group 4 with a statistically significance result (P=0.002) (Table 1).

Statistical analysis
Descriptive statistics about the data in the study presented with mean and IQR25-75 values. With the use of
Mann Whitney U test, the p value of <0.05 was considered significant in the study.

Discussion

Failure in bone fixation with locking plates is divided into four main categories which are plate breakage, plate
bending, screw pull-out and fracture or locking problem at the screw heads!?. The use of locking spongious
screws in locking plates, which are still widely used today in many countries, can lead to taking some failure
risks from the beginning. In our in vitro study, the pull-out force of the LPuLSS was much lower in osteoporotic
bone than the LPS.

The use of locking plates has become more common in recent years, especially in cases where stabilization
of osteoporotic bone fractures is crucial, alongside the use of conventional compression plates. As a result of
immensely growing industry, there are so many plate and screw models with overlooked or lack of biomechanical
specification.

To improve fixation of osteoporotic bone fractures, fixed angles of the locking screws are thought to be
another important solution”!!. Although locking plates and fixed angle locking screws emerged as lowering the
complications, loosening or screw pull-out is still reported as the most frequent complication among the elderly
and osteoporotic patients'>!, In addition, osteoporotic bones tend to have a thin cortex, and the cross-section
of the bone becomes wider'®. That may force the surgeons to choose locking spongious screws. However, there
is not much literature on how and where to use locking spongious screws and no studies demonstrate a better
purchase of locking spongious screws in such poor bone.

Our aim in this study was to compare the pull-out resistance of locking spongious screws in locking plates
with the FDA approved original locking plate system with locking cortical screws with a biomechanical study
on osteoporotic bone models.

Locking plates do not have full rigid absolute stability, as in conventional plates. On the contrary, locking
plates allow for stable three-dimensional movement of the fracture and as a result, secondary bone healing with
callus formation is acquired!*. The use of far cortex locking screws increases callus formation by allowing three-
dimensional micro movement at the fracture line'”.

The most important issue in locking plates is that when the screw head starts to lock into the slot in the plate,
the screw equally travels in the slot and bone in each full turn. In the original standard locking plates, although
it seems that the thread distance on the screw body and the screw head different, in order to ensure this equality,
the screw head began locking in two-way design (double lead) in the screw head. This design magnifies the head
screw thread diameter two times in the screw head!®. Thus, an equalization is achieved between the distances of
thread diameters of the screw body and the screw head. In this way, during locking, the screw travels equally in
the bone and in the slot in the plate in each full turn (Video 1).

In original standard locking plates, spongious screws can be used without locking properties. However, some
manufacturers in many countries around the world produce locking spongious screws.
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The use of 4 mm locking spongious screws in the Anatomic Locking Plating Systems (ALPS) (Zimmer-
Biomet), which have been in use since 2008, was banned by the Australian TGA (official agency equivalent to
the FDA in the United States) in 2015. The reason for the ban was that the locking threads on the screw head
with a single lead instead of a triple lead may not fully engage in the plate slot, leading to insufficient locking of
the screw-plate connection and the unseated screw head may cause soft tissue irritation. As a result, a revision
surgery may require!”. These complications can be encountered in bones with a healthy density. However, there
would be another complication which is not mentioned in this Australian TGA report is that the risk of fixation
failure due to inadequate screw anchorage in patients with osteoporotic bone structure increases!”. As a result of
our study, it has been revealed that screw-bone connection weakens even if a torque screwdriver is used with the
use of a single lead head locking spongious screws.

In locking plate with locking spongious screw applications, after the screw sits in its slot on the plate, locking
starts with the threads on the screw head gripping the threads in the slot on the plate. For each full turn, the
screw body tries to advance according to the body thread pitch distance it created in the osteoporotic bone. In
the head part of the screw, when it sits in the slot on the plate, the screw can only advance according to the thread
pitch distance of the single lead screw head. As a result of this difference of thread pitch distance, while the head
starts locking, screw body could not advance in the osteoporotic bone properly and the threads on the body of
the screw break all the threads it created in the osteoporotic bone. As a result, the attachment of the screw to the
osteoporotic bone becomes severely weakened, and it can only function as a locking nail (Video 2).

We studied two different bone models with same preparates on PCF15 and PCF-10 which is lower density
bone model. In the study, using two locking screws on Sawbone PCF 15 osteoporotic bone model, the pull-out
force of the LPS was found to be approximately 206.29% stronger than the LPuLSS. In the study with a single
locking screw using more osteoporotic bone model Sawbone PCF 10, the pull-out force of the LPS was found to
be 388.74% stronger than the LPuLSS. As osteoporosis increases, the pull-out force of locking spongious screws
used with locking plates decreases even further.

Larger screw thread diameter in locking spongious screws does not improve the pull-out strength, in contrast
it worsens fixation especially in osteoporotic bones because of the thread pitch design in the screw body and the
head. The real reason of locking spongious screw pull-out failure in this study was a conclusion of the improper
thread design. Slots in the locking plates are made for locking cortical screws. Locking spongious screws should
be made in same thread pitch design with the locking cortical screw in the head to properly fit on the slot on the
plate. However, thread pitch distance in the screw body differs from each other.

To give an example with numbers; in our study, the thread pitch distance on the body of the locking spongious
screws is 3 mm, while the pitch distance on the screw head is 0.8 mm. Since the locking is completed after at least
1.5 turns, the single lead screw head can travel 1.5x0.8=1.2 mm in its slot in the plate, while the body of locking
spongious screw must travel 1.5x3=4.5 mm in the bone. There is a gap of 3.3 mm which may cause breakage
of the threads in the bone. In contrast, the screw head of LPS has a double lead design with 0.5 mm thread pitch
distance which equals to 1 mm and body of the locking screw has a thread pitch distance of 1 mm resulting same
travel distance in the bone and in the plate.

In clinical practice, many surgeons change their screw preference to locking spongious screws in case of
osteoporotic patients or metaphysial regions such as proximal tibia. Even though, locking spongious screws
thought to be more effective in such cases, this study demonstrates a worse pull-out force performance in
osteoporotic bone models, and if the density decreases further, locking spongious screws may lead to a failure
in such cases.

To address the failure of locking spongious screws in osteoporotic bones, we demonstrated a novel design
of locking spongious screw with a new thread design. Our improved thread design in the screw head and body
demonstrated a better pull-out performance than the locking cortical screws in osteoporotic bone models'®.

There are limitations in this study. First, this study was conducted in vitro with sawbone models and does not
precisely replicate the clinical situation. Second, this study only demonstrates the pull-out failure and it is not the
only failure reason in fracture fixation and clinical reflections may alter especially in stronger bone constructs.
Clinical outcome studies are needed to confirm the observations of this in vitro biomechanical study.

Conclusion

The use of locking plates in bone fixation is a revolution. The success of bone fixation depends on the sufficient
strength of the screws to hold to the bone. Locking plates are mostly used in osteoporotic bones and our in
vitro study demonstrated the locking spongious screws with single lead which used in osteoporotic bone have a
serious technical problem which arouses with the pull-out failure and finally bone fixation gets weak. By proving
the disadvantages of single lead head locking spongious screws, which are widely used around the world, we
wanted to emphasize that caution should be exercised in the use of such materials, especially in patients with
osteoporotic bone structure.

Data availability
The datasets used and/or analysed during the current study are available from the corresponding author on
reasonable request (Dr Fatih Parmaksizoglu, drfatihpar@gmail.com).
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