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Abstract

Background: Fracture displacement and bony contact in proximal humeral fractures
can affect healing and patient outcomes. The eccentric head index, currently used to
measure displacement, is relatively complex and not ideal for all fracture types. Aim:
This study proposes and evaluates the reproducibility of an exploratory measurement,
the humeral shaft coverage, to quantify the degree of bony contact between fracture
ends in surgical neck humeral fractures. Methods: All patients with surgical neck
humeral fractures who had undergone closed reduction in our electronic medical
records were identified using the diagnostic terms, and their full series of follow-up
radiographs were reviewed for measurement by two observers. The estimated
total humeral shaft coverage (THSC) was calculated by multiplying the proportion
of metaphyseal width covered by the humeral head on both anteroposterior (AP)
and scapularY views. Total uncoverage was determined using the formula: 1 - THSC.
Results: Two observers evaluated 22 shoulder AP and Y radiographs, resulting in
44 measurements, and each repeated their measurements to assess intra-observer
reliability. The mean HSC values for observers 1 and 2 were 0.36 + 0.32 and 0.44 +
0.31, with no significant difference (p = 0.098). Inter-observer reliability was good
to excellent (intraclass correlation coefficient [ICC] = 0.88, 95% confidence interval:
0.67-0.97). Intra-observer reliability was excellent for both observers (ICC = 0.99).
Conclusion: Humeral shaft coverage is a consistent measurement that may help
quantify fracture displacement in surgical neck humeral fractures. Relevance for
patients: A simple method for quantifying fracture displacement may help predict
prognosis and guide management of proximal humeral fractures.

Keywords: Humeral fractures; Radiography; Fracture displacement; Shoulder joint;
Prognosis; Emergency treatment

1. Introduction

Proximal humeral fractures represent about 4-10% of all fractures in adults' and are
one of the most common geriatric nonvertebral fragility fractures, ranking third after
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proximal femoral and distal radius fractures.>® They are
often associated with a significant functional disability,
morbidity, and an all-cause one-year mortality reaching
17.4%.>*

Proximal humerus fractures occur when a strong
force or fall disrupts the upper part of the arm bone, most
commonly at the surgical neck, where the bone transitions
from the humeral head to the shaft. In older adults, these
fractures commonly result from lowenergy falls and
are strongly linked to osteoporosis, while highenergy
trauma is a more frequent cause in younger patients.
Because these injuries often impair shoulder movement
and independence, they place a significant burden on
modern healthcare systems through emergency visits,
imaging needs, prolonged rehabilitation, and the risk of
complications such as nonunion and functional decline.
As populations age, the incidence and healthcare impact
of proximal humerus fractures continue to rise, making

accurate assessment and appropriate management
increasingly important.'™*
Common proximal humerus fracture

classifications include the Neer (displacement-based)
and  Arbeitsgemeinschaft fiir ~Osteosynthesefragen/
Orthopaedic Trauma Association (AO/OTA classification,
location-based) systems, while the Codman-Hertel system
offers the highest inter-observer reliability using a twelve-
type “Lego-block” model.>” Still controversial, fractures
of the proximal humerus can be treated conservatively or
surgically, depending on several factors, including fracture
displacement, patient age and functional status, soft tissue
condition, neurovascular injury, bone quality, dominance,
patient’s decision, and surgeon preference.*® Conservative
treatment is generally utilized in non-displaced and
minimally displaced fractures where there is bony contact
between the humeral head and shaft, no humeral head
dislocation, minimal displacement of the greater tuberosity
(<5 mm), minimal varus/valgus angulation, and minimal
or no articular involvement.!"! Surgical management is
usually utilized in displaced fractures, 3—4-part fractures,
articular fractures, and fracture dislocations."

The presence of head/shaft bony contact is recognized
as a significant parameter that predicts fracture healing in
proximal humerus, and particularly surgical neck humeral
fractures. Studies have shown that 33-100% displacement
of the humeral shaft relative to the humeral head has been
associated with an increased risk of nonunion and poor
functional outcomes in surgical neck humeral fractures
treated nonoperatively.!>"* The term “disengaged neck”
refers to a grossly unstable humeral neck with no contact

between the humeral neck and shaft and carries a high
risk of fracture nonunion, which may handicap patients in
their routine daily activities.'

Few studies have described measurement techniques
for translations in proximal humerus fractures. Foruria
et al' described the measurement of mediolateral
and anteroposterior (AP) translations of the humeral
shaft relative to the humeral neck in coronal computed
tomography (CT)/AP radiograph and sagittal CT/
lateral radiographs of the shoulder, respectively. Frank et
al.’® described the eccentric head index (EHI), which is
measured in the shoulder AP and the scapular Y (Neer)
view. The translation measurement, despite being easy,
describes humeral shaft translation in millimeters in each
plane but does not quantify bony contact or necessarily
reflect fracture severity, given variation in anatomical
size between individuals. The EHI is a more complex
measurement (Figure 1A) that quantifies the extent of
humeral head displacement relative to the humeral shaft
and accounts for the actual displacement. Despite this,
the measurement is not easy, is affected by the precise
identification of the humeral shaft axis', depends on the
direction of shaft displacement, and may not be applicable
in certain fracture configurations (Figure 1C).

While current classification systems®’ have limited
ability to determine whether operative or conservative
treatment is indicated, a simple radiographic technique for
measuring the extent of fracture displacement could aid in
assessing fracture severity and prognosis. Given the role
of bony contact in determining the likelihood of union,
among other factors, this study aims to describe an easy
radiographic method for calculating fracture displacement
in surgical neck proximal humeral fractures, accounting for
both the degree of bony contact and fracture displacement.
Many surgeons may be using this method; however, to our
knowledge, it has not been described in detail.

2. Materials and methods

2.1. Study cohort

After Institutional Review Board approval, we searched
our electronic medical database (Geisinger Database)
using diagnostic terminology to extract all patients with
surgical neck humerus fractures who underwent closed
reduction, to track their serial follow-up radiographs, and
perform the necessary measurements. Cases of proximal
humerus fractures, admitted between November 2019 and
November 2024, had their radiographs reviewed by four
orthopedic surgeons to select adequate quality radiographs
that allow for the execution of the measurements.
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Figure 1. The eccentric head index (EHI) in anteroposterior (

to the diaphyseal axis'* (A) EHI = 1 — (R1/R), where R represents the diameter of a circle around the humeral head, and R1 represents the eccentric portion
of the humeral head outside the humeral shaft axis. In this case, there is humeral head contact with the shaft, and EHI would be typically < 1. (B) In this
case, R1 is 0 since the humeral head is completely displaced from the shaft; hence, EHI = 1, indicating complete displacement. (C) In this case, R1 = 0, and
EHI is also =1, despite fair contact between the humeral head and the shaft, underscoring the limitations of EHI as a measurement method. Images are

original, de-identified radiographs provided by the authors.

2.2. Inclusion criteria

The inclusion criteria were: (i) cases that were diagnosed
with surgical neck proximal humeral fractures, and (ii)
cases that underwent fracture closed reduction in the
emergency setting (traction and gentle manipulation for
displaced fractures).

2.3. Exclusion criteria

The exclusion criteria were: (i) cases with poor-quality
radiographs hindering the two-rater assessment, or
cases with incomplete serial (emergency, postreduction,
and last follow-up) radiographic assessment, (ii) cases
that underwent early surgical intervention (to avoid the
hardware artifacts), (iii) cases with missing AP or Y views,
and (iv) cases with isolated proximal humerus fractures
not involving the surgical neck (isolated shaft, anatomical
neck, greater or lesser tuberosity fractures).

2.4. Radiographic assessment

The radiographs were assessed to quantify the humeral
head displacement and bony contact. Traditionally,
displacement is evaluated using AP and lateral X-ray views,
which provide orthogonal projections of the humeral head
and shaft. However, quantifying the total displacement
in a clinically meaningful way can be challenging due to
the three-dimensional nature of these fractures. Given
the limitations encountered with the EHI (Figure 1) and
the lack of ability of the translation measurements in
describing fracture displacement or the amount of bony
coverage, a simpler technique (the humeral shaft coverage

[HSC]) has been proposed for identifying, quantifying,
and monitoring fracture displacement by combining the
translation and bony contact parameters.

2.5. Humeral shaft coverage

The relative HSC was calculated separately on the AP
(rHSC_AP) and scapular Y (rHSC_Y) radiographs. Each is
estimated by dividing the width of the metaphyseal portion
covered by the humeral head (or its spherical contour) at
the most proximal (metaphyseal) border of the fracture by
the total width of the proximal metaphysis. The total HSC
(THSC) was then calculated by multiplying the rHSC_AP
by rHSC-Y (Figure 2). From the AP view, the fraction of the
shaft's mediolateral width covered by the head was calculated
(e.g., 20/30 = 0.75). From the scapular Y view, the fraction
of the shaft’s AP depth covered by the head was calculated
(e.g., 14/28 = 0.50). The two fractions were multiplied to
find the combined (total) coverage: 0.75 x 0.50 = 0.375.
This means 37.5% of the metaphyseal surface remains in
contact with the humeral head fragment.

2.6. Fundamental geometric principle

The core principle of this methodology is the treatment
of the humeral head’s contact surface with the shaft as a
two-dimensional projection onto a plane perpendicular
to the long axis of the humerus. This concept of
projecting complex three-dimensional anatomy onto two-
dimensional planes for measurement is well-established in
orthopedic radiology.'® For this calculation, this contact
surface was modeled as a rectangle, where:
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Figure 2. Humeral shaft coverage in anteroposterior (AP) and scapular Y shoulder radiographs. (A) The rHSC_AP (AP view) is calculated by dividing the
metaphyseal width covered by the humeral head (X, red line) by the total width of the humeral metaphysis (Y, blue line). (B) The rHSC_Y is calculated
similarly (X/Y). The total HSC will be HSC_AP X HSC_Y. In this example, rHSC_Y = 18.3/34.3 = 53.35%. Images are original, de-identified radiographs

provided by the authors.

(i) The AP view provides a measure of displacement
along the mediolateral axis. It quantifies the portion of
the shaft’s width that is covered by the head.

(ii) The scapular Y (Lateral) view provides a measure
of displacement along the AP axis. It quantifies the
portion of the shaft’s depth that is covered by the head.

These two views are orthogonal, meaning they assess
displacement in perpendicular planes. The true “coverage”
potentially exists only where contact occurs in both planes
simultaneously.'” A point on the humeral shafts surface
is considered “covered” by the humeral head only if it lies
beneath the head’s projection in the AP view and in the
scapular Y view.

2.7.The estimated total humeral shaft uncoverage

Total humeral shaft uncoverage can be defined as the
approximate total area fraction that is not covered and is
simply the complement of the total coverage fraction. A
point on the shaft is “uncovered” if the head is displaced
in the AP view, the scapular Y view, or in both views. The
total uncoverage is the union of these sets, calculated using
Equation 1:

Total humeral shaft uncoverage = 1 — THSC
=1-0.375 (1)
=0.625

This indicates that 62.5% of the shaft’s surface is
uncovered, representingthe degreeoffracturedisplacement.
It is important to note that multiplying the uncovered area
in the AP and Y views, as in THSC, would only yield the
area uncovered in both views simultaneously. It completely
misses the areas that are uncovered in only one view (e.g.,
the head is off to the side but aligned front-to-back, or vice
versa). For an approximate direct calculation of the THSC,
the vector-sum methodology may be utilized.'®*

2.8. Statistical analysis

The HSC measurements were plotted on an Excel sheet,
and the averages, medians, and ranges were calculated. The
interobserver reliability was assessed using the intraclass
correlation coeflicient (ICC), with values below 0.4
indicating poor reliability, 0.4 to 0.59 indicating moderate
reliability, 0.59 to 0.75 indicating good reliability, and
values above 0.75 indicating excellent reliability.® The
paired t-test was used to compare the means, and a p <
0.05 was considered statistically significant. Statistical
analysis was performed using Microsoft Excel version 2205
(Microsoft Corporation, Redmond, USA).

3. Results

A total of 22 shoulder radiographs from patients with
surgical neck humeral fractures met the selection
criteria and were measured by the two raters, yielding 44
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measurements. All cases underwent closed reductions in
the emergency settings and had their serial shoulder AP
and Neer radiographs assessed by the raters. Humeral
metaphyseal width measured on AP and scapular Y views
ranged from 19 mm to 44.8 mm. The mean and SD of
HSC for raters 1 and 2 were 0.36 + 0.32 and 0.44 + 0.31,
respectively (p = 0.098) (Figure 3). Inter-rater reliability
between the two raters was good, with ICC = 0.884
(95% confidence interval [CI]: 0.679-0.973). Intra-rater
reliability was excellent for both raters: ICCs were 0.995
(95% CI: 0.982-0.999) for Rater 1 and 0.997 (95% CI:

0.987-0.999) for Rater 2.

4, Discussion

This study presents a simple and reproducible method
for assessing the fracture displacement and bony contact
in surgical neck humeral fractures. Our measurement
technique demonstrated high inter-rater agreement and
provided a straightforward measure to describe the fracture
and potentially predict the likelihood of fracture healing.
Using a standardized approach to describe displacement
can help improve decision-making, documentation, and
communication among the care teams.

4.1. Radiographic assessment of proximal humerus
fractures

Radiographic assessment of proximal humerus fractures
relies on X-rays and CT scans. The trauma shoulder X-ray
series consists of a true AP view, an axillary lateral view,
and a scapular Y view. At least two perpendicular X-rays
(true AP and a scapular Y view) are necessary to identify
the fracture type.”** A “true AP X-ray” of the shoulder is
made with the central ray tangential to the glenoid surface,
while the scapular Y view is made with the central ray
perpendicular to the glenoid" (Figures 1 and 2). On the
other hand, while shoulder CT scans can be very helpful
for assessing complex injuries, particularly involving the
humeral head or those with sagittal comminution, they
are not necessary for all fracture patterns, especially if
minimally displaced. CT scans are particularly helpful for
the assessment of fracture morphology, bone stock, degree
of comminution, size of fixable fragments, and the extent
of posteromedial metaphyseal fracture.”® Given that CTs
may not be available in all settings, our study focused on
measurements from shoulder radiographs.

Presenting a method for radiographic measurement of
fracture displacement is not only helpful for describing the
fracture but also for predicting healing potential, since bony
contact has been deemed an important factor in predicting
fracture healing. In a prospective study by Court-Brown et
al.’®, the authors studied 126 translated two-part fractures

of the proximal humerus and found that surgical neck
translation was directly associated with poorer functional
outcomes, as measured by the Neer score at 52 weeks
postoperatively, particularly in elderly patients. Most (80%)
of the nonunion cases in their series had an initial fracture
displacement of >34%. The authors defined translation as
“the percentage of the diameter of the surgical neck of the
proximal humerus” The authors, however, did not describe
their measurement technique, assess bony coverage, or
rely solely on AP radiographs. In another study, partially
by the same authors, the authors assessed the risk factors
of proximal humerus fracture nonunion in 1,027 proximal
humeral fracture cases and found an overall prevalence of
proximal humeral nonunion of 1.1%, rising to about 8% if
metaphyseal comminution is present and 10% if there is
between 33% and 100% translation of the surgical neck."
The authors found that the effect of nonunion on function
is considerable, even as early as six weeks after fracture, and
recommended against delaying surgical treatment for >six
months due to its significant impact on functional status.

4.2, Factors affecting healing in proximal humerus
fractures

Several factors could contribute to nonunion in the
proximal humerus, particularly humeral neck fractures.
It has been suggested that severe displacement, soft tissue
interposition, patient age, early mobilization, and poor
surgical technique may be implicated.'>* However, fracture
displacement is likely a significant factor associated with an
increased incidence of nonunion, as borne out by applying
Neer’s criteria of 1 cm of displacement and 45 degrees of
angulation.”® Fracture displacement, however, does not
solely predict nonunion. Court-Brown and McQueen'*
reported nonunion prevalence of 2.6%, 10%, and 8.1%
in patients presenting with less than 33%, 33-66%, and
66-100% translation, respectively. Interestingly, none
of the patients with more than 100% translation in their
series developed a nonunion.

Bone healing is strongly influenced not only by
mechanical stability but also by a wide range of biological
factors that regulate inflammation, angiogenesis, and new
bone formation. After a fracture, the early inflammatory
phase triggers the release of cytokines and growth
factors that recruit immune cells and mesenchymal
progenitor cells, which are essential for callus formation
and remodeling. Recent reviews highlight the key roles
of mediators, such as transforming growth factor beta,
receptor activator of nuclear factor kappa B-receptor
activator of nuclear factor kappa B ligand-osteoprotegerin,
and parathyroid hormone, which coordinate osteoblastic
and osteoclastic activity throughout the healing phases.*
Experimental and clinical studies also emphasize how
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Figure 3. Comparison of mean humeral shaft coverage (HSC; #standard deviation) between Rater 1 and Rater 2. The p-value (0.098) indicates no

statistically significant difference (paired t-test).

immune-driven processes and molecular cross-talk
guide angiogenesis, cartilage formation, and woven bone
deposition during the repair phase.”” In addition to these
classical pathways, newer research has shown that naturally
occurring compounds such as rosavin and salidroside
may modulate osteogenic signaling and support bone
metabolism, underscoring the expanding understanding
of biological contributors to fracture healing.?**

4.3. Clinical application of the humeral shaft
coverage measurement

Neer’s original classification defines a bone fragment as
displaced when there is more than 1 cm of separation or
45° of angulation, and these criteria have traditionally
guided surgical decision-making for proximal humerus
fractures, with minimally displaced fractures managed
nonoperatively.” However, recent evidence emphasizes
that displacement alone is not the sole determinant of
treatment; factors such as fragment involvement and
medial hinge integrity, as highlighted by Hertel’s predictors,
are critical for assessing vascularity and healing potential.*
In our series, the humeral metaphyseal width measured
on AP and scapular Y views ranged from 19 mm to 44.8
mm, underscoring the varijability in applying Neers 1 cm
threshold. For example, a 10 mm displacement represents
52% loss of contact in a 19 mm metaphysis but only 22.7%
in a 44 mm metaphysis.

Given this variability and the limitations of a fixed
displacement threshold, expressing displacement as a

percentage of metaphyseal coverage may provide a more
proportional and clinically meaningful assessment. Based
on our observations and acknowledging the absence of
clinical validation, we propose that coverage of less than
50% may serve as a conservative descriptive threshold and,
in conjunction with Hertel's parameters®"*?, such as medial
hinge integrity and calcar length, may indicate the need
for surgical intervention. This threshold, however, should
be considered exploratory and requires further clinical
validation before adoption as a standard criterion.

Recent studies have further underscored the critical
importance of specific displacement patterns in predicting
outcomes for proximal humerus fractures, reinforcing
the need for a comprehensive measurement system like
the HSC. Shahien et al** demonstrated that anterior
translation of the humeral shaft relative to the head is a
significant predictor of the need for subsequent surgical
intervention. While their work valuably identifies a
specific high-risk displacement vector, their assessment
of translation was uniplanar and measured in absolute
millimeters, which, as our study notes, can be confounded
by variations in individual patient anatomy. In contrast,
our HSC method offers a more realistic, proportional
assessment by quantifying the resultant bony contact
in two orthogonal planes (AP and scapular Y), thereby
capturing the combined effect of both anterior-posterior
and medial-lateral displacement. This allows the HSC to
account for complex, multiplanar displacements that a
single linear measurement might not fully represent.
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Similarly, Goudie and Robinson* developed a
comprehensive nomogram to predict nonunion in
nonoperatively treated fractures, identifying factors such
as initial displacement (translation and angulation) and
posteromedial metaphyseal comminution. Their study
robustly confirms the principle that displacement is a key
determinant of healing. However, the predictive model
relies on categorical and linear assessments of displacement
from plain radiographs. The HSC methodology could
serve as a more precise, continuous variable to refine
such predictive models. Therefore, while existing studies
have successfully identified the direction or presence of
displacement as critical prognostic factors, the HSC aims to
complement these findings by providing a practical tool to
quantify the extent of the resulting bony opposition, which
is an important biological requirement for uneventful
healing.

Although our study did not correlate displacement or
bony contact with functional or radiographic outcomes,
it may be used in future research to assess clinical or
radiographic outcomes in proximal humerus fractures.
Given that fracture translation can be difficult to
measure accurately on plain radiographs'?, we focused
on measuring bony contact as an indicator of translation.
While the HSC offers a novel method for combining
multiplanar displacement into a single quantitative
value, we acknowledge that the clinical relevance of this
composite measurement requires further investigation.
To our knowledge, this is the first study to propose
multiplying the fractional coverage from orthogonal
radiographic views to estimate the approximate total bony
contact in proximal humerus fractures. Consequently,
specific thresholds to distinguish fractures that are likely
to heal uneventfully from those at risk of nonunion have
not yet been established. It is currently unknown whether
a THSC of 0.3 (30% contact) carries a different prognosis
than isolated 50% translation in the coronal plane alone,
or at what exact percentage the risk of failure begins to rise
exponentially. Future studies should aim to correlate HSC
values with patient-reported outcomes, nonunion rates,
and the need for secondary surgery to establish evidence-
based clinical thresholds. Until such validation is available,
the HSC should be viewed as a descriptive adjunct to
existing classification systems, offering a reproducible
measure of displacement, rather than a standalone
indicator for operative intervention.***

4.4. Technical considerations

Radiographs are two-dimensional projections of three-
dimensional structures and, as such, are subject to inherent
limitations, including overlap and foreshortening.***

Overlapping bone fragments or variations in patient
anatomy can obscure the true extent of displacement,
leading to inaccuracies in the measurement. To address
these projection artifacts, it is important to obtain high-
quality radiographs that clearly visualize the humeral
head and shaft. The use of multiple radiographic views,
including axillary or Velpeau views, can provide additional
perspectives to confirm the extent of displacement.***!
Furthermore, digital imaging software can be employed
to enhance image clarity and measure displacement more
precisely. Given the unavoidable rotational components in
proximal humeral fractures, we considered the calculated
displacement an approximation, and a tolerance margin of
+5-10% may be added to account for projection error.

It is important to acknowledge that the rectangular
model underlying the HSC calculation assumes that
the humeral head and shaft fragments remain relatively
parallel in the coronal and sagittal planes. In the presence
of significant varus or valgus angulation, the plane of the
metaphyseal surface is no longer perpendicular to the long
axis of the shaft, and the simple ratio of covered-to-total
width becomes a less accurate representation of true three-
dimensional contact. In such cases, the HSC measurement
describes the projected coverage but does not capture the
angular deformity. Therefore, the HSC is best utilized as a
quantitative tool for translational displacement and should
be interpreted in conjunction with standard angular
measurements (e.g., neck-shaft angle) to fully characterize
complex fracture morphology.

4.5. Management of proximal humerus fractures

Clinical decision-making in fracture management is
multifaceted, and while fracture displacement provides
insight into the potential for healing, it is only one
factor among many that influence treatment strategies.
Factors such as fracture pattern, bone quality, soft tissue
integrity, and patient-specific considerations such as age,
activity level, and comorbidities play a significant role in
determining the appropriate treatment strategy. A single
displacement value, while useful, may not fully capture
the complexity of these clinical factors. Therefore, fracture
displacement should be integrated into a broader clinical
decision-making framework, serving as a quantitative tool
to supplement qualitative assessments and guide surgical
planning.*6

Proximal humerus fractures, often presenting as
surgical neck fractures’, are among the most common
fractures in adults, particularly in the elderly population,
and their management remains a subject of ongoing
debate due to the diversity of fracture patterns and patient-
specific factors involved.®>*” These injuries often occur
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following low-energy falls in older adults with osteoporotic
bone, while high-energy trauma is more typical in younger
individuals.*® Treatment strategies broadly fall into two
categories: nonoperative and operative management. The
choice between these approaches depends on multiple
considerations, including fracture displacement, bone
quality, patient age, comorbidities, and functional
demands.”

Nonoperative treatment is generally favored for
minimally displaced fractures and has been associated
with satisfactory outcomes in many cases.*® This approach
typically involves sling immobilization followed by early,
progressive rehabilitation to restore range of motion and
function. Recent evidence suggests that early mobilization,
initiated within one week of injury, may confer short-term
functional benefits without increasing complication rates
compared to delayed protocols.” However, conservative
management requires careful monitoring to avoid
secondary displacement and stiffness, particularly in
complex fracture patterns.

Operative intervention is considered for displaced,
unstable, or multi-part fractures, as well as for fracture
dislocations and cases with compromised vascularity
or soft tissue integrity.>* Surgical options include open
reduction and internal fixation (ORIF) using locking
plates or intramedullary nailing, hemiarthroplasty (HA),
and reverse shoulder arthroplasty (RSA). ORIF aims to
restore anatomical alignment and allow early mobilization,
but its success depends on achieving stable fixation, which
can be challenging in osteoporotic bone.”® Locking plates
have improved fixation in complex fractures, yet they carry
risks of screw cut-out and avascular necrosis, particularly
in varus patterns.” Intramedullary nails offer a minimally
invasive alternative but may be less effective in comminuted
fractures.

Arthroplasty options are increasingly utilized for
severely comminuted fractures or cases where fixation
is unlikely to succeed. HA was historically the standard
for complex fractures, but outcomes depend heavily on
tuberosity healing, which can be unpredictable.> RSA
has gained popularity for three- and four-part fractures
in elderly patients, as it provides more reliable pain relief
and functional recovery, even when tuberosity healing is
suboptimal.®® Systematic reviews indicate that RSA often
yields superior functional scores compared to HA and
ORIF in older patients, though it is associated with higher
costs and potential complications such as instability and
scapular notching.”

Ultimately, management of surgical neck humeral
fractures should be individualized, integrating
radiographic findings with patient-specific factors such

as age, activity level, and comorbidities. While fracture
displacement offers valuable insights, it represents only one
component of a multifactorial decision-making process.
A comprehensive approach that considers biological,
mechanical, and social factors is essential for optimizing
outcomes and minimizing complications.***%*

4.6. Study limitations

Our study has several limitations that necessitate careful
interpretation of the results. First, it relies on two-
dimensional radiographs and assumes that the metaphysis
has a rectangular projection and that the calculated values
accurately represent fracture displacement, whereas
calculating displacement from three-dimensional CT scans
would likely yield different values. This was not performed,
however, because not all patients had CT scans performed
at each radiographic assessment. Another limitation is the
absence of clinical or functional assessment; hence, the
study’s clinical applicability remains exploratory. Another
significant limitation in our study is that the measurements
were not blinded, which could create significant bias.

It is important to acknowledge that the reliability of
displacement assessment on X-rays is not comparable to
that of more advanced imaging modalities such as CT
scans. Without validation studies comparing humeral
coverage measurements with three-dimensional imaging
or intraoperative findings, its accuracy and reliability
remain debatable. To address these concerns, future
research may focus on comparative studies that evaluate the
coverage measurement method against three-dimensional
CT reconstructions or intraoperative assessments of
displacement. Such studies would provide empirical
evidence of the method’s accuracy and help establish its
role in clinical practice.

Despite these limitations, this methodology provides
a consistent, reproducible, and simple quantitative
assessment compared to qualitative description or isolated
linear measurements, suggesting a potential guide for

clinical decision-making and research.

5. Conclusion

We described a simple and reproducible technique for
measuring the extent of fracture displacement/bony
contact in surgical neck humeral fractures. The HSC
showed high inter-observer agreement and could be
used to describe fractures. Importantly, while the HSC
demonstrates good to excellent reproducibility, its clinical
utility, specifically its ability to predict nonunion or guide
treatment decisions, has not yet been established. This
study provides the foundational data necessary to justify
future prospective investigations aimed at correlating HSC
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values with functional outcomes and healing rates. Until
such data are available, the HSC should be considered a
descriptive research tool rather than a validated clinical
predictor. Future research may further develop this
measurement and use it in clinical studies assessing
fracture healing and functional outcomes in relation to
fracture displacement and bony contact.
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