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What is already known on
this topic?

Locking plate fixation of proxi-
mal humerus fractures is asso-
ciated with high complication
rates, including screw penetra-
tion and loss of reduction.

Despite  their  theoretical
advantages, variable angle
plates have not consistently
shown superior clinical out-
comes compared with fixed
angle plates.

What this study adds to
this topic?

Radiological analysis showed
that screws inserted through
variable  angle  proximal
humerus plates tend to be
placed in a convergent config-
uration, resulting in reduced
screw divergence and smaller
humeral ~ head  coverage
compared with fixed angle
constructs.

This convergent screw place-
ment may limit the biome-
chanical  advantages  that
variable angle technology is
designed to provide.

Awareness of this tendency
may encourage more delib-
erate screw trajectory plan-
ning and guide future clinical
research.

Abstract

Objective: Variable angle locking plates were developed to allow flexible screw trajectories and broader
fixation within the humeral head in proximal humerus fractures, where fixation failure remains a common
challenge. Whether this theoretical advantage is utilized in clinical practice remains unclear.

Methods: This retrospective radiographic study evaluated 43 patients treated with locking plate fixation for
proximal humerus fractures between 2015 and 2023. Eighteen patients received variable angle plates and
25 fixed angle plates. Screw trajectories were assessed on early postoperative radiographs and intraopera-
tive fluoroscopy. Vertical screw distribution was measured as the percentage of anatomical neck coverage
in the coronal plane, and axial screw spread was defined as the angle between the 2 most divergent screws
on lateral fluoroscopic images.

Results: Screws placed through variable angle plates covered a smaller proportion of the anatomical neck
compared with fixed angle constructs. In the axial plane, fixed angle plates demonstrated a mean screw
divergence of 40°, whereas variable angle plates showed significantly narrower spread, with a mean diver-
gence of 15.4° (P < .001). Variable angle screws were therefore placed in a more convergent configuration
despite the availability of angular freedom.

Conclusion: Despite their intended design, variable angle proximal humerus plates demonstrated a consis-
tent tendency toward convergent screw placement in clinical practice, resulting in reduced humeral head
coverage compared with fixed angle constructs. Further clinical studies are required to determine whether
this radiographic mismatch has clinical relevance and whether deliberate screw divergence influences fixa-
tion durability and outcomes.
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Introduction

Proximal humerus fractures account for approximately 5% of all adult fractures and are par-
ticularly common in the elderly population." Despite advances in surgical techniques and implant
design, locking plate fixation continues to carry high complication rates, reported between 12% and
more than 50%, with reoperation rates approaching 25%.2*# One of the most frequent failure modes
is screw penetration into the glenohumeral joint, often associated with loss of reduction or avascular
necrosis of the humeral head.>®

The evolution of periarticular fracture fixation has increasingly focused on fragment-specific strat-
egies, supported by computed tomography (CT)-based classification systems that identify key articu-
lar and metaphyseal fragments requiring targeted stabilization.*® Variable angle locking plates were
developed within this framework to allow individualized screw trajectories toward specific frag-
ments or regions of optimal bone quality, rather than following predetermined fixed orientations.”8
Although these implants provide the theoretical ability to optimize screw placement and enhance
screw divergence within the humeral head, previous authors have noted that screw orientation in
clinical practice often depends on surgeon intuition rather than an objective or standardized strat-
egy.” Whether this available angular freedom results in broader, fragment-specific screw distribution
during actual surgeries remains uncertain.
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This study aimed to radiologically evaluate screw trajectory pat-
terns in the humeral head when using variable angle locking plates
and to compare them with traditional fixed angle locking con-
structs. It was hypothesized that surgeons tend to place screws in a
convergent configuration to avoid early cortical penetration and to
maximize screw length, thereby limiting the potential divergence
offered by variable angle systems.

Methods

This retrospective radiographic study was conducted by screen-
ing institutional databases for patients who underwent open reduc-
tion and internal fixation for proximal humerus fractures between
January 2015 and January 2023. Patients were included if early
postoperative radiographs and intraoperative fluoroscopic images
were available and if all proximal screws were clearly visualized in
both coronal and axial planes. Revision procedures, periprosthetic
fractures, and pathological fractures were excluded. One patient
was excluded due to inadequate imaging, leaving 43 patients
for final analysis, of whom 18 were treated with a variable angle
locking plate and 25 with a fixed angle locking plate. Institutional
review board approval was obtained from Ko¢ University Ethical
Committee (Approval No.: 2025.611.IRB2.278, Date: December
18, 2025), and all participants provided written informed consent
before their inclusion in the study.

All imaging was evaluated independently by 2 fellowship-
trained shoulder surgeons, and final measurements were reached
by consensus. Any discrepancies were resolved through joint
review of the images. Coronal assessments were performed on the
glenohumeral oblique view. A reference line was drawn along the
anatomical neck, and the points where the most superior and most
inferior screws intersected this line were identified (Figure 1). The
distance between these points was measured, and the percentage
of anatomical neck length spanned by the screws defined the verti-
cal screw distribution.

Since postoperative radiographs did not reliably include true
axillary views, axial screw assessments were performed using
intraoperative fluoroscopic images where a true lateral projection

of the plate was consistently recorded (Figure 2). For each screw
row, the longitudinal axes of the screws were identified, and the
angle between the 2 most divergent screws was measured. This
value was recorded as the axial screw spread.

Statistical analyses were performed using SPSS version 28.0.
(IBM SPSS Corp.; Armonk, NY, USA). Continuous variables were
compared using the Mann-Whitney U-test, and a P value of less
than .05 was considered statistically significant.

Results

A total of 43 patients were included in the analysis, of whom
25 were treated with a fixed angle locking plate and 18 with a
variable angle locking plate. Fracture patterns were classified as
varus posteromedial impaction (VPM), valgus impacted (VI), surgi-
cal neck (SN), fracture-dislocation or head-split (FD/HS), and iso-
lated greater tuberosity (GT) fractures. In the fixed-angle group,
there were 6 VPM, 6 VI, 11 SN, and 2 FD/HS fractures, with no
GT fractures. In the variable-angle group, there were 8 VPM, 3
VI, 5 SN, 1 FD/HS, and 1 GT fracture. The distribution of fracture
types was comparable between groups. However, the study was
not powered to perform fracture-type-specific subgroup analyses.
The mean age of the patients with fixed angle plate was 63.5 years
(range, 40 to 88), and the mean age of variable angle plate patients
was 59.7 years (range, 20 to 72). There were 16 female and 9 male
patients in the fixed angle group; 8 females and 10 males in the
variable angle group. Age and sex distributions were comparable
between the 2 groups.

In the coronal plane, the mean anatomical neck diameter was
50.35 mm (range, 41.6% to 61.7%). The distance between the
most superior and most inferior proximal screws averaged 28.38
mm (range, 18.0% to 38.6%), corresponding to an average cover-
age of 55.98% of the anatomical neck height (range, 30% to 78%,.
Screws placed through variable angle plates consistently covered
a smaller proportion of the anatomical neck compared with fixed
angle plates (P = .015)(Figure 3).

In the axial plane, the mean angle between the 2 most divergent
screws across the entire cohort was 29.7 degrees (range, 0 to 40).

Figure 1. Anteroposterior radiographic comparison of variable angle and fixed angle proximal humerus plate constructs. (A) Variable
angle construct and (B) fixed angle construct. Line a represents the anatomical neck of the humerus, and line b represents the vertical
distance between the most superior and most inferior proximal screws intersecting the anatomical neck. The ratio b/a defines the
percentage of anatomical neck height covered by the proximal screws and was used to quantify coronal screw distribution.
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Figure 2. Intraoperative fluoroscopic axillary views demonstrating different axial screw trajectory patterns in 2 patients treated with
variable angle proximal humerus plates. (A) Example of a divergent screw configuration with broad axial dispersion within the humeral
head. (B) Example of a convergent screw configuration, with screws directed toward a central endpoint. A carbon fiber plate was used in

patient A, accounting for the radiolucent appearance of the implant.

Fixed angle plates demonstrated a mean divergence of 40 degrees
on fluoroscopic lateral images, whereas variable angle plates dem-
onstrated significantly narrower screw spread, with a mean diver-
gence of 15.4 degrees (P < .001). Screws inserted through variable
angle constructs were therefore placed in a more convergent con-
figuration compared with those in fixed angle plates.

Discussion

Radiological comparison of 25 fixed angle and 18 variable angle
plate fixations for proximal humeral fractures revealed a consis-
tent tendency toward convergent screw placement in the variable
angle group, resulting in reduced screw distribution and smaller
humeral head coverage compared with fixed angle constructs.

Group 0 DI-—%
N=18 =
35 FMean Rank=9.50 Mean Rank=31.00
301
@ 25} —
()]
C
<
2
0 20
19}
0
2
©
é 15 I
<
101
[
5 -
[
25 15 5 5 15 25
A Frequency

Variable angle locking technology was introduced to support
fragment-specific fixation by allowing surgeons to direct screw
trajectories toward individual fracture fragments or regions of opti-
mal bone quality.”® Unlike fixed angle systems, polyaxial plates
theoretically permit controlled divergence of proximal screws,
enabling capture of a broader bone volume within the humeral
head, a feature that is particularly relevant in proximal humerus
fractures with heterogeneous bone quality.™

Biomechanical studies in the distal radius have highlighted a
major advantage of variable angle technology, namely its abil-
ity to compensate for suboptimal plate positioning."'? Polyaxial
constructs allow independently directed screws to maintain fixa-
tion stability even when the plate cannot be placed in the ideal
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Figure 3. Comparison of screw distribution between variable angle (Group 0) and fixed angle (Group 1) locking plate constructs. (A)
Axial screw spread measured on lateral fluoroscopic images, demonstrating a constant axial distribution in fixed angle plates and variable
(B) Anteroposterior screw coverage expressed as the percentage of anatomical neck height spanned by proximal screws, showing

variability in both constructs related to humeral head size.
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location, and this flexibility facilitates fragment-specific fixation in
complex fractures.” Similarly, finite element analyses have demon-
strated that altering screw trajectories can substantially influence
local bone strain, overall construct stiffness, and stress distribu-
tion.” Configurations that distribute screws more widely within
the humeral head achieve lower strain concentrations at screw
tips and more uniform load transfer, findings that are particularly
relevant in osteoporotic bone. These studies indicate that screw
trajectory, in addition to screw number, is a critical determinant of
construct stability.'>'3 Notably, several authors have observed that
even when variable angle implants are used, screw orientation is
frequently selected intuitively rather than according to a defined
biomechanical strategy.™

Early clinical investigations of polyaxial locking systems have
already documented this discrepancy between theoretical poten-
tial and clinical application.®"1415 Studies assessing screw distribu-
tion using quadrant-based methods reported largely similar screw
positions between polyaxial and monoaxial constructs, suggesting
that the available angular freedom was not fully exploited.' These
observations were proposed as a possible explanation for why
comparative clinical studies failed to demonstrate the advantages
of variable angle plates over fixed angle systems. Although quad-
rant-based assessment is inherently dependent on radiographic
projection and does not directly quantify screw divergence, the
underlying concept aligns closely with the findings. The study sup-
ports this observation by providing direct angular measurements,
demonstrating that screws placed through variable angle plates
tend to converge, thus offering a quantitative explanation for the
limited clinical differentiation between implant types.

The importance of selective screw targeting is particularly evi-
dent at the inferomedial calcar.'>'® Multiple clinical and biome-
chanical studies have identified insufficient medial metaphyseal
support and absence of a calcar screw as independent predic-
tors of secondary varus alignment and screw perforation.>'>1617
Padegimas et al defined objective criteria for optimal calcar screw
placement and suggested that the calcar screw must be inserted
within an absolute distance threshold of 12 millimeters from the
inferomedial calcar or within the lowest 25% of the humeral head
diameter.'” In their analysis, quality of reduction, calcar distance,
and calcar ratio were all independently associated with radio-
graphic success. Building on this concept, Kimmeyer et al later
demonstrated that calcar screws placed within the inferior 12 mil-
limeters were associated with more favorable clinical outcomes
and fewer complications.” In a cadaveric study, Patel et al reported
that the inferomedial screw failed to engage the calcar in 36% of
specimens treated with fixed angle plates, whereas adequate calcar
engagement was achieved in all specimens treated with variable
angle constructs.’® Together, these data emphasize that angular
freedom is particularly valuable for achieving accurate inferome-
dial support, especially when plate positioning is constrained or
suboptimal. Recent implant designs have adopted a more selective
approach by maintaining predefined proximal screw trajectories
while allowing angular variability specifically at the calcar level.
This reflects an evolving design strategy that places angular free-
dom where accurate inferomedial support is most critical and may
reduce the tendency toward unintended screw convergence.

An additional clinical scenario where variable angle technol-
ogy becomes useful is an anatomical mismatch between plate
contours and native proximal humerus anatomy.’ Several ana-
tomical studies have shown that proximal humerus plates often
span the lateral cortex rather than conform to it.?° When intraop-
erative reduction is dictated primarily by the plate contour, this
mismatch may compromise restoration of the medial calcar and

induce varus malreduction, potentially leading to varus collapse
and subsequent screw penetration. In such situations, surgeons
may intentionally position the plate slightly off the lateral cortex to
preserve anatomic reduction. This strategy, however, increases the
importance of flexible screw trajectories to ensure that all proxi-
mal screws remain safely within the humeral head. Variable angle
constructs can accommodate these adjustments, but only if the
angular freedom is used deliberately.

The mechanical characteristics inherent to polyaxial systems
should also be considered. Variable angle locking screws typi-
cally have smaller diameters and engage the plate through dis-
continuous thread interfaces to permit multidirectional motion.?'
This design may reduce fatigue strength and limit dissipation of
hoop stresses at the screw—plate junction compared with fixed
angle constructs.?> While these compromises are acceptable when
angular freedom is used to achieve broader screw divergence, they
may become detrimental when screws are inserted in a conver-
gent configuration, leading to reduced spatial distribution without
corresponding biomechanical benefit.’

Finally, the observed tendency toward convergence likely
reflects a combination of technical and cognitive factors. In the
absence of a defined intraoperative strategy for screw divergence,
surgeons may default to a perceived safe trajectory aimed toward
the center of the humeral head. This approach may be driven by
concern for early cortical penetration, particularly in osteoporotic
bone, as well as by the desire to maximize screw length. Although
these considerations are understandable, they may inadvertently
compromise the fundamental rationale of variable angle fixation
by converging screws toward a central region of the humeral head.
The findings suggest that without deliberate planning and execu-
tion, the theoretical advantages of variable angle technology may
remain underutilized.

Strengths and Limitations of this Study

A major strength of the study is that it employs a structured and
reproducible radiological approach to assess proximal screw tra-
jectories in both coronal and axial planes, allowing direct visu-
alization of screw distribution rather than relying on indirect or
quadrant-based descriptions. Importantly, the analysis emphasizes
real-world intraoperative screw placement behavior rather than
theoretical implant capabilities, thereby providing insight into sur-
geon-dependent factors that may influence fixation patterns.

The study also has several limitations. It was not powered to
evaluate potential interactions between fracture morphology and
screw trajectory patterns, and therefore cannot determine whether
fracture complexity influenced intraoperative screw orientation.

In addition, blinding of observers to implant type was not fea-
sible due to recognizable differences in screw design, which may
have introduced observer-related bias.

Another major limitation is the absence of postoperative CT
imaging to assess screw configuration in 3 dimensions. Although
CT would provide the most accurate evaluation of screw trajecto-
ries, its routine use in this setting is not justified due to additional
radiation exposure and lack of clinical indication. For this reason,
axial screw orientation was assessed using intraoperative fluoros-
copy, where multiple attempts were made to obtain a true lateral
projection of the plate with substantially lower radiation dose.
While this approach allowed reliable assessment of axial screw
spread in 2 orthogonal planes, it cannot fully replicate the preci-
sion of postoperative 3-dimensional imaging.

This radiological study demonstrated that, despite the theoreti-
cal flexibility offered by variable angle proximal humerus plates,
screw placement tends to be convergent in clinical practice,
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resulting in reduced screw divergence and smaller humeral head
coverage compared with fixed angle constructs. These findings
suggest that the angular freedom of variable angle systems is not
consistently utilized as intended.

Although the clinical implications of this radiographic mismatch
remain to be established, surgeons should be aware of the inher-
ent tendency toward convergence and make a deliberate effort to
maintain adequate screw spread in order to maximize the poten-
tial biomechanical advantages of variable angle fixation. Future
studies are needed to determine whether these radiographic find-
ings translate into differences in clinical outcomes. Preoperative
3-dimensional imaging and fracture-specific planning may help
identify key fragments and guide intentional screw trajectory selec-
tion, allowing more effective use of variable angle technology.
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