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Abstract

Background: Nonunion following treatment of supracondylar femur fractures with lateral locked plates (LLP) has
been reported to be as high as 21 %. Implant related and surgeon-controlled variables have been postulated to
contribute to nonunion by modulating fracture-fixation construct stiffness. The purpose of this study is to evaluate
the effect of surgeon-controlled factors on stiffness when treating supracondylar femur fractures with LLPs:

1. Does plate length affect construct stiffness given the same plate material, fracture working length and type of
screws?

2. Does screw type (bicortical locking versus bicortical nonlocking or unicortical locking) and number of screws
affect construct stiffness given the same material, fracture working length, and plate length?

3. Does fracture working length affect construct stiffness given the same plate material, length and type of
screws?

4. Does plate material (titanium versus stainless steel) affect construct stiffness given the same fracture working
length, plate length, type and number of screws?

Methods: Mechanical study of simulated supracondylar femur fractures treated with LLPs of varying lengths, screw
types, fractureworking lenghts, and plate/screw material. Overall construct stiffness was evaluated using an Instron
hydraulic testing apparatus.

Results: Stiffness was 15 % higher comparing 13-hole to the 5-hole plates (995 N/mm849N vs. /mm, p = 0.003). The
use of bicortical nonlocking screws decreased overall construct stiffness by 18 % compared to bicortical locking
screws (808 N/mm vs. 995 N/mm, p = 0.0001). The type of screw (unicortical locking vs. bicortical locking) and the
number of screws in the diaphysis (3 vs. 10) did not appear to significantly influence construct stiffness (p = 0.76,
p = 0.24). Similarly, fracture working length (5.4 cm vs. 9.4 cm, p = 0.24), and implant type (titanium vs. stainless steel,
p = 0.12) did also not appear to effect stiffness.

© The Author(s). 2021 Open Access This article is licensed under a Creative Commons Attribution 4.0 International License,
which permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give
appropriate credit to the original author(s) and the source, provide a link to the Creative Commons licence, and indicate if
changes were made. The images or other third party material in this article are included in the article's Creative Commons
licence, unless indicated otherwise in a credit line to the material. If material is not included in the article's Creative Commons
licence and your intended use is not permitted by statutory regulation or exceeds the permitted use, you will need to obtain
permission directly from the copyright holder. To view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.
The Creative Commons Public Domain Dedication waiver (http://creativecommons.org/publicdomain/zero/1.0/) applies to the
data made available in this article, unless otherwise stated in a credit line to the data.

* Correspondence: mjweaver@partners.org
1Department of Orthopaedic surgery, Brigham and Womens Hospital, 75
Francis Street, MA 02115 Boston, USA
Full list of author information is available at the end of the article

Weaver et al. BMC Musculoskeletal Disorders          (2021) 22:512 
https://doi.org/10.1186/s12891-021-04341-2

http://crossmark.crossref.org/dialog/?doi=10.1186/s12891-021-04341-2&domain=pdf
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
mailto:mjweaver@partners.org


Discussion: Using shorter plates and using bicortical nonlocking screws (vs. bicortical locking screws) reduced
overall construct stiffness. Using more screws, using unicortical locking screws, increasing fracture working length
and varying plate material (titanium vs. stainless steel) does not appear to significantly alter construct stiffness.
Surgeons can adjust plate length and screw types to affect overall fracture-fixation construct stiffness; however, the
optimal stiffness to promote healing remains unknown.
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Background
Distal femur fractures are a common orthopaedic prob-
lem with an overall incidence of approximately 37 per
100,000 person-years [1]. These injuries occur in youn-
ger patients with high-energy trauma, and increasingly
in older patients after low-energy mechanisms. Further,
the number of these fractures are increasing around total
knee replacements, as the rate of total knee arthroplasty
has increased [2]. With the advent of anatomically con-
toured, locked plates, lateral locked plating (LLP) of the
femur has become a common treatment of these injuries
[3]. Initial studies of LLP for supracondylar femur frac-
tures have been previously reported with very low rates
of nonunion (0–14 %) [4–17]. However, more recent
studies have indicated that nonunion rates may be much
higher (up to 17–21 %) [18–20]. These fractures are
often associated with decreased callus formation and
problems with healing in up to 32 % of the patients [21].
Patients and injury related factors such as obesity, dia-
betes, smoking and open fracture have been associated
with increased rates of nonunion [22].
Various implant related factors have been postulated

to contribute to nonunion, presumably through the ef-
fect of modulating the overall construct stiffness. Among
these, implant material (stainless steel vs. titanium), plate
length, screw type, and screw density have received
particular scrutiny [23, 24]. There is an emerging body
of literature suggesting that construct patterns that are
too stiff may contribute to increased risk of nonunion
[20, 21, 24]. While many agree that stiffness is likely an
important factor in creating a biomechanical environ-
ment conducive to fracture healing, the ideal stiffness
has yet to be identified. Further, the effect of surgeon
controlled factors, such as plate length, screw type and
number, fracture working length and plate material, on
the overall fracture-fixation construct stiffness have not
been thoroughly evaluated.
The purpose of this study is to evaluate the effect of

surgeon-controlled factors on overall fracture-fixation
construct stiffness when applying lateral locked plates in
the treatment of supracondylar femur fractures:

1. Does plate length affect construct stiffness given the
same plate material, fracture working length and
type of screws?

2. Does screw type (bicortical locking versus bicortical
nonlocking or unicortical locking) and number of
screws affect construct stiffness given the same
material, fracture working length, and plate length?

3. Does fracture working length affect construct
stiffness given the same plate material, length and
type of screws?

4. Does plate material (titanium versus stainless steel)
affect construct stiffness given the same fracture
working length, plate length, type and number of
screws?

Methods
We performed a mechanical study on simulated supra-
condylar femur fractures using biomechanical femur
models to evaluate the effect of surgeon-controlled vari-
ables on implant stiffness in 6 conditions.
In order to examine the effect of plate length, screw

types, number of screws, fracture working length and
plate material 7 different configurations were tested
(Fig. 1). The “standard” construct was a 13-hole titanium
distal femur lateral locked plate, Synthes Less Invasive
Stabilization System (LISS) (Paoli, Pennsylvania, USA)
plate, with 5mm diameter bicortical locking screws fill-
ing holes 3, 5, and 13. All 7 holes in the distal metaphy-
seal cluster were filled for all constructs using 5mm
diameter bicortical locking screws. Other constructs
were created to vary a single variable compared to the
“standard” construct (Fig. 2). To test the influence of
plate length on construct stiffness, a 5-hole plate was
used with screws in holes 3, 4 and 5 (Condition 1). To
test the effect of screw type and number the proximal
bicortical locking screws were compared to constructs
with bicortical nonlocking screws, unicortical locking
screws, adding and filling all the holes of the plate with
bicortical locking screws (Conditions 2, 3 and 4).
Fracture working length was compared by increasing the
distance from the fracture to the first hole filled with a
screw by using the 5, 7, and 13 holes (Condition 5). Each
of these previous configurations was repeated with stain-
less steel plates and screws to examine the effect of
material on stiffness (Condition 6).
Large size 4th Generation Biomechanical Sawbone

Femur Models were used (Vashon Island, Washington,
USA), as our goal was to assess relative changes in
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construct stiffness in a consistent manner. These com-
posite analougues femurs simulate structural properties
and geometries of human bone, with a unique short
fiber epoxy shell that mimic cortical bone which is filled
with polyurethane foam resembling the bone marrow
and cancellous bone at the epiphysis [25–27]. All bones
were instrumented using titanium alloy Less Invasive
stabilization system (LISS) plates or stainless steel con-
dylar locking plates (Synthes, West Chester, PA). Plates
were positioned in the same position for each construct.
The distal end of the plate positioned against the lateral
condyle while the proximal end remained in contact
with the bone shaft. All plates were compressed to the
bone by external clamps prior to screw insertion and all
screws were tightened similarly using a 4.0 Nm torque
wrench to ensure a uniform degree of tightening. After
plate fixation, a one-centimeter gap between the first
and the second holes proximal to the condylar part of
the plate,was cut parallel to the distal femoral condyle
axis to mimic a comminuted extra-articular supracondy-
lar femoral fracture (OTA/AO type 33-A3) [28].
The distal femur constructs were tested for overall

construct stiffness (K, N/mm) in the axial direction. The
proximal ends of the femurs were potted in a polyureth-
ane elastomer and were placed in a custom-made jig
with a shear relief apparatus in the vertical position.
Axial compression from the distal end was applied to
the constructs on an Instron hydraulic testing apparatus

(Instron 8511, Norwood, MA, USA) (Fig. 3). Each con-
struct was tested with five specimens, with each speci-
men being tested three times. A displacement-controlled
test with a rate of 1 mm per second was applied to the
constructs with an end point of load 10 % lower than the
yield load. Stiffness was calculated as the slope of the
load-displacement curve between 20 and 60 % of the
yield load (in the linear region).
Prior to the initiation of the study, we tested 5 intact

and then instrumented models to determine stiffness
values and to calibrate the testing jig. Based on this pilot
study, five specimens per group were considered ad-
equate to detect a 20 % change in the stiffness with 80 %
power (nQuery Advisor, version 7.0, Statistical Solutions,
Saugus, MA, USA). A repeated measure analysis of vari-
ance (ANOVA) with stiffness as the dependent variable,
group as fixed factor, while accounting for multiple mea-
sures from the same specimen (each test conducted in
triplicate), was conducted using SPSS v23 (IBM SPSS,
Armonk, NY, USA). Two-tailed values of p < 0.05 were
considered statistically significant.

Results
Does plate length affect construct stiffness given the
same plate material, fracture working length and type of
screws? Yes, longer plate length appears to have a
significant influence on stiffness when other surgeon-
controlled variables are kept constant. Stiffness was 15 %

Fig. 1 A diagram representing the different fracture-fixation constructs tested with the comparisons made. In each case the bold/underlined
variable is the change made from the standard testing model. All constructs were tested in both titanium and stainless steel to compare the
effect of plate and screw material
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higher comparing the 13-hole and the 5-hole plates
(995 N/mm849N vs. /mm, p = 0.003) (Fig. 4a). Longer
plates generate a stiffer overall fracture-fixation construct.
Does screw type (bicortical locking versus bicortical

nonlocking or unicortical locking) and number of screws
affect construct stiffness given the same material, fracture
working length, and plate length? The use of bicortical

nonlocking screws decreased overall construct stiffness by
18 % compared to bicortical locking screws (808 N/mm
vs. 995 N/mm, p = 0.0001) (Fig. 4b). The use of unicortical
as opposed to bicortical locking screws did not appear to
influence overall stiffness. The stiffness of the constructs
with unicortical locking screws (995 N/mm) was similar
to those with bicortical locking screws (1006 N/mm,

Fig. 2 An illustration of the various constructs tested indicating plate length, screw type and pattern, fracture working length and plate material
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p = 0.76) (Fig. 4c). Increasing the number of screws
and filling all available screw holes in the plates did
not increase the overall construct stiffness. The stiff-
ness of the construct with all screws (3 through 13
filled) was 938 N/mm compared to 995 N/mm in the
construct with only 3 screws (p = 0.24) (Fig. 4d).
Does fracture working length affect construct stiffness

given the same plate material, length and type of screws?
A larger space between the distal and proximal screw
clusters did not change the overall construct stiffness.
The stiffness of constructs with short working length of
5.4 cm (995 N/mm) was similar to those with long
working length of 9.4 cm (944 N/mm, p = 0.24) (Fig. 4e).
Does plate material (titanium versus stainless steel)

affect construct stiffness given the same fracture working
length, plate length, type and number of screws? The
use of stainless steel as opposed to titanium for plate
material did not appear to influence overall stiffness.
The stiffness of constructs with stainless steel plates
(904 N/mm) was similar to those with titanium plates
(943 N/mm, p = 0.12) (Fig. 4f).

Discussion
Early reports on the success of LLP for supracondylar
femur fractures have been tempered by more recent re-
ports of high rates of nonunion [4–22]. In addition to

patient and injury related factors such as obesity,
diabetes, smoking and open injuries, fixation properties
can contribute to the risk of nonunion [22, 29–34].
Construct stiffness can contribute to the biomechanical
environment and influences fracture healing [30, 34, 35].
While the optimal stiffness to promote healing is un-
known, it has been postulated that some configurations
of lateral locked plates are too stiff and may cause diffi-
culties with healing [21, 29, 36–38]. While there have
been some technological advances, such as the concept
of far cortical locking, to decrease construct stiffness,
there is little data to help the surgeons influence con-
struct stiffness when applying commonly available im-
plants [29, 36, 38–40]. The purpose of this study is to
evaluate the effect of surgeon-controlled factors on stiff-
ness in employing LLP for supracondylar femur fractures
fixation.
The primary limitation of this study is that the ideal

stiffness for fracture fixation when applying lateral
locked plates to the femur is unknown. Concerning this
limitation, a 20 % difference in stiffness was chosen for
power analysis as a pragmatic difference. While the re-
sults of this mechanical study provide guidance as to
how to increase or decrease construct stiffness, it does
not provide information about the ideal construct stiff-
ness for bone healing. Furthermore, utilization of lateral
locked plating, only in a specific type of distal femur
fracture (OTA/AO type 33-A3) was evaluated, and other
types of distal femur fractures and fixations were not
assessed. In addition, the hybrid construct as a variation
of utilizing locking and nonlocking screws was not eval-
uated. The model in this study primarily determines the
stiffness of each osteosynthesis construct in its respective
configuration under axial load; torsional and bending
loads were not assessed in the current study. Another
potential limitation is that results of this study are lim-
ited to the time zero of each construct, however as with
any cadaveric or sawbone biomechanical study, there is
an inherent time zero limitation, and these result does
not investigate biologic factors such as biologic healing
and muscle forces. In addition, cyclic loading was not
implemented, which would have simulated the physio-
logical scenario better. The synthetic bone itself most
likely has very little effect on the construct stiffness,
providing consistency between groups and allowing for
better comparisons than would be possible with cadav-
eric specimens. However, as many of these injuries occur
in the elderly, the magnitude of the effect of the changes
on stiffness seen may be different in osteoporotic bones.
Care should be taken in extrapolating the results to
patients with poor bone quality, since some of the con-
figurations in this study may result in early implant fail-
ure or cut out or cut through, in particular with bones
with reduced quality. Finally, this study focused only on

Fig. 3 The mechanical testing apparatus used for the study
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construct stiffness. Changes in plate length, screw type
and number, and plate and screw material may also
affect fatigue failure and load to catastrophic failure.
We found that longer plates created a stiffer construct

when plate material, screw type and number, and frac-
ture working length were kept constant. Ricci et al. have
shown that short plate length is a risk factor for non-
union [24]. It may be that other factors accounted for
the clinical difference seen – such as a lower load to fail-
ure or weakness in cyclical loading, or that stiffness is
not the primary driver of nonunion in his series. For ex-
ample, when shorter plates were used, the fracture work-
ing length was likely less, and that the longer plates had
a high rate of union because they spanned a larger area
of comminution, leading to decreased stiffness. Our data

suggest that when all other variables are held constant,
increasing plate length increases overall construct
stiffness.
We found that the use of bicortical nonlocking screws

is associated with a decrease in overall construct stiff-
ness. This gives credence to the argument that nonlock-
ing screws can be employed in the diaphysis, should
quality of the bone stock allow it. This technique may be
beneficial for allowing callus formation and indirect
bone healing. There was no significant difference in stiff-
ness comparing the use of bicortical and unicortical
locking screws. This result is similar to the result of a
study by Beingessner et al. that showed no effect on
overall stiffness when comparing unicortical and bicorti-
cal locking screws in a similar construct [41]. However,

Fig. 4 Comparisons of overall fracture-fixation construct stiffness. a Condition 1: 5-hole plate compared to 13-hole plate. b Condition 2: bicortical
locking screws compared to bicortical nonlocking screws. c Condition 3: bicortical locking screws compared to unicortical locking screws. d Condition
4: 3 screws compared to 11 screws filling the proximal portion of the plate. e Condition 5: short fracture working length compared in longer fracture
working length. f Condition 6: stainless steel plate and screw constructs compared to titanium plate and screw constructs
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the similarity in stiffness for unicortical and bicortical
locking screws might change during cyclic or fatigue
loading [35, 42]. Due to similar construct stiffness
between unicortical and bicortical locking screws, uni-
cortical locking plate may be a reasonable option in the
treatment of distal femur fracture fixation to avoid com-
plications associated with failure mode in periprosthetic
femur fracture [43].
We didn’t find filling all of the holes of the plate to

have an effect on axial stiffness. This was in accordance
with previous research showing that all locked, all
unlocked, proximal unlocked, and distally unlocked plat-
ing construct did not differ in axial stiffness [44]. This
finding gives reassurance to surgeons who feel that they
need to place additional screws in cases of osteoporotic
bones, where additional fixation is required. As far as
the most proximal screw hole is filled, the addition of
extra screws in the diaphysis, well away from the frac-
ture, does not appear to increase construct stiffness.
Surprisingly, increasing the fracture working length

did not have an effect of stiffness. With a working length
of 5.4 cm, the stiffness was 995 N/mm, while increasing
the working length to 9.4 cm decreased the stiffness to
only 938 N/mm, ( not statistically significant (p = 0.24)).
In clinical practice, fractures have longer fracture line
that can lead to a higher working length than tested for
this study. In a retrospective review by W.H. Harvin
et al., no significant difference in fracture union between
shorter and higher working lengths was demonstrated.
[45] Furthermore, this finding can be related to the load-
ing conditions being purely axial and not identical to the
physiological loading axis of the femur during walking.
With oblique loading the different working lengths
would have different moment arms and would thus pre-
sumably result in different construct stiffness [29, 36,
37]. However, it appears that the effect of the working
length is less important than the type of screw used
(bicortical locking vs. bicortical nonlocking) or the plate
length. Our data suggest that it is the interface between
the plate and the screws and bone that drives construct
stiffness, with working length having a lesser effect.
Varying plate and screw material (titanium vs. stainless

steel) did not appear to influence overall construct stiff-
ness. This finding contradicts the findings of two previ-
ous studies that showed stainless steel had greater
stiffness in comparison with titanium [35, 46]. However,
they studied four constructs, all having locking screws,
which may give them a higher power to discover small
differences. In our study, the role of material properties
on the stiffness may be dominated by other factors such
as screw type and location, plate length, and plate geom-
etry. The interface between the plate and the screws and
bone appears to be more important than the flexibility
of the plate in this fracture model. It may be that in

fracture-fixation constructs with much larger working
lengths, the lower modulus of elasticity of titanium has a
lower overall stiffness. Distal femur fractures in the eld-
erly often involve a significant amount of comminution
and thus have a relatively large fracture working length.
Further study is warranted to determine whether im-
plant material effects stiffness in this scenario.
Many supracondylar fractures have large areas of com-

minution, requiring a large gap between the distal most
diaphyseal screw and the distal screw cluster. In our pre-
vious experience with supracondylar femur fractures
treated with LLP, titanium plates have had a lower risk
of nonuion [22]. It may be that in cases with large frac-
ture working lengths plate material becomes an import-
ant factor in overall fracture-fixation construct stiffness.
Further, poor bone quality and osteoporosis likely influ-
ence stiffness as well. In our study we did not see a large
effect of working length or plate material, but further
study is required to better understand the effect of
osteoporotic bone as well as cases of significantly larger
fracture working lengths.

Conclusions
Surgeons can control a number of variable to influence
the overall construct stiffness during lateral plating of
supracondular femur fractures. Using shorter plates and
using bicortical nonlocking screws (vs. bicortical locking
screws) reduces overall construct stiffness. However,
using more screws, using unicortical locking screws,
increasing fracture working length and varying plate
material (titanium vs. stainless steel) does not appear to
significantly alter construct stiffness. Our data suggest
when additional screws are needed, they may be placed
without increasing stiffness. However, this observation
should be verified in cadaveric and clinical studies.
While surgeons can adjust plate length and screw types
to affect overall fracture-fixation construct stiffness the
optimal stiffness to promote healing remains unknown.
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