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Correlation of Radiological Parameters with Functional Outcomes in
Proximal Humeral Fractures Treated with PHILOS Plates: A

Retrospective Analysis

E Pradeep1 , KV Arun Kumar, R Manoj Kumar', Sheik Mohideen', P Haemanath',
J Daniel Jey Janeson'

Learning Point of the Article:
« To correlate radiological parameters with functional outcome following proximal humerus fracture fixed with PHILOS plating
« To assess the outcome using radiological parameters and Constant-Murley score
« To determine the significance of medial cortexfixation for better post-operative outcome

Introduction: Proximal humerus fractures are prevalent, especially among the elderly, and pose significant challenges in treatment, particularly
for displaced fractures. Despite the availability of various surgical techniques, outcomes remain inconsistent, often due to poor anatomical
reduction and fixation. This study examines the correlation between specific radiographic parameters and functional outcomes, aiming to
identify key predictors of recovery. By focusing on these parameters, we aim to refine surgical approaches and improve follow-up strategies,
ultimately enhancing patient outcomes.

Materials and Methods: A retrospective study involved 40 patients aged 18-75 with proximal humerus fractures, treated with open reduction
and plate fixation at Chettinad Hospital between April 2022 and April 2024. All surgeries were performed through anterior deltopectoral
approach. Radiographic parameters were evaluated postoperatively, with patients followed for a period of 1 year. Functional outcomes were
correlated with radiological parameters using follow-up radiographs and Constant-Murley (C-M) scores.

Results: In this study of 40 patients with proximal humerus fractures, the mean age was 53.24 years, and the majority (60%) were male. The
fractures predominantly affected the right side (62.5%), with road traffic accidents and falls being the leading causes. Neer’s classification
identified 10 patients with two-part fractures, 21 with three-part fractures, and 9 with four-part fractures. The average neck-shaft angle (NSA)
was 138.62° + 11.09°. Four patients with an NSA of <120° had fair to good functional outcomes, while those with an NSA >130° and a well-
positioned greater tuberosity (GT) generally had better outcomes. The average distance between the GT and the acromion surface (AS) was 6
mm * 1.4 mm, influencing shoulder abduction and functional results. Patients with an alpha/beta ratio below 1.40 mm, indicating lower bone
density, had a higher incidence of screw cut-out. The mean C-M score at 6 months was 80.72, with 87.5% of patients achieving abduction above
90°. Complications occurred in 8 patients (20%), including varus collapse (10%), abduction <90° (12.5%), infection (2.5%), and screw cut-out
(5%). Larger head diameters and heights were associated with better functional scores.

Conclusion: Radiographic parameters such as the NSA, GT to AS distance, head diameter, head height, and alpha/beta ratio are crucial
predictors of functional outcomes in proximal humerus fractures treated with PHILOS plates. Accurate reduction and medial column
stabilization are a key to minimizing complications and improving patient recovery. Despite generally positive outcomes, challenges such as
screw cut-out and varus collapse persist, highlighting the need for meticulous surgical technique and thorough post-operative management.
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Introduction

A proximal humerus a fracture that occurs at or close to the
humeral surgical neck is the most prevalent fracture involving
the scapular girdle in adults. It stands third in frequency
following fractures of hip and distal radius [1]. Recent statistics
indicate that these fractures now represent close to 7% of all
fractures and comprise 80% of all humeral fractures. In
individuals over 65, the proximal humerus is the site of the
second most frequent upper limb fractures and the third most
common non-vertebral osteoporotic fractures, following
fractures of the nearby femurand distal far radius [2].

Neer’s categorization is commonly used to classify upper
humerus fractures based on fragment angulation >45° or
displacement over 10 mm. This classification affects
management and outcomes, with 4-part fractures having a
poorer prognosis than 2- or 3-part fractures [3]. Proximal
humerus fractures are a significant contributor to morbidity in
elderly populations and should be a key consideration in
healthcare planning. Roughly 80% of these fractures are not out
of position and can be effectively handled with conservative
methods such as Plaster of Paris. However, the supervision of
disarranged fractures remains contentious and difficult. Some
experts recommend non-surgical treatment for Neer’s two,
three, and four-part proximal humeral fractures in older
treatment seekers, though this approach often leads to
complications such as pain, stiffness, and functional
impairment [4].

According to the AO/ASIF guidelines, addressing these
fractures needs adequate reduction, solid fixation, and early

mobilization for better functional outcomes. Computed
tomography (CT) scans can be advantageous in complex cases
to assess fragments [S]. Proximal humerus fractures can be
managed using non-invasive approaches when suitable,
surgically through options such as percutaneous pinning, plate
osteosynthesis (such as PHILOS plating), intramedullary
nailing, external fixation, and arthroplasty. Among these,
PHILOS plating is widely used and has shown excellent
outcomes [5]. Despite satisfactory practical and tailored to
patient needs, locking plate complications continue to be high,
spanning between 16% and 48.8%, and encompass screw cut-
out, intra-articular screw-penetration, subacromial-
impingement, varus malalignment, non-union, implant-failure,
and osteonecrosis [6]. These issues are generally caused by
inadequate surgical technique, faulty implant position,
inadequate intraoperative assessment of reduction, and screw
length [7].

Radiographic parameters play a crucial role in predicting
outcomes, though there is no consensus on the best parameters
to use, especially relative to the cross-side uninjured side.
Unsatisfactory anatomic diminution, particularly of the inner
side column, is associated with higher failure rates following
plate fixation. For elderly patients, organizing follow-up
examinations is challenging, making it essential to identify
radiographic parameters correlating with poor clinical
outcomes. These parameters can help determine which patients
need closer follow-up and guide surgeons in anatomically
restoring these parameters during surgery. The primary goal of
this study is to determine the link between resultant function

Table 1: D hi ils of th . . .
5 b 2 - emograp el g e ST Table 2:Results of radiological and functional outcomes of
SHCEIEpHIENEIERS SIS proximal humerus fractures treated with PHILOS plates
it g (e e el el Variables Observation
Male 24 (60) Approach: Delto-pectoral
Gender (n, %) PP P 40 (100)
Female 16 (40) approach (n,%)
: . Right 25 (62.5) Mean NSA 138.62
Side (n, %) Left 15 (37.5) Mean GT to AS distance 6 mm
] o Road traffic accident 19 (47.5) Mean Alpha length 1.84
Mechanism of injury (n, %) Mean Beta Length 1.15
Fall 21 (52.5)
Mean Alpha/Beta 1.6
Classification (n, %) Two-part 10 (25) Mean Head diameter 44.6 mm
Three-part 21 (52.5) Mean Head height 17.3 mm
o Four-part 9 (22.5) Average CM score 80.72
Complications overall — -
8 patients (20) Complications 8 patients (20)
Two-part fracture 1 patient - Infection Varus collapse 4(10)
Shoulder abduction <90° 5(12.5)
Three-part fracture 3 patients -varus collapse, abduction <90 CrEvy @it Gt 2 (5)
4 patients -varus collapse, abduction <90, Infections 1(2.5)
Four-part fracture -
screw cut-out NSA: Neck-shaft angle, GT: Greater tuberosity, C-M: Constant-
Mean follow-up (years) 1(1-2) Murley
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Figure 1: Intra-operative pictures of deltopectoral approach.

and radiographic parameters of proximal near humeral
fractures, such as neck-shaft orientation, distance from the head
of the humeral to the greater tuberosity (GT), alpha/beta
calculations, head diameter, head height, and calcar screw
status.

Materials and Methods

We did a retrospective analysis encompassing 40 participants
who had proximal humerus fractures resolved with an open
reduction and plate fixation at Chettinad Hospital and Research
Institute from April 2022 to April 2024, patients aged between
18 and 75 years with a lesser follow-up duration of 1 year. Three
different surgeons conducted all the surgeries.

Inclusion criteria
« Agemore than 18 years

« Based on Neer’s classification two parts, three parts, and four
partsfractures of proximal humerus

« Theinjury duration is <4 weeks.

Exclusion criteria
« Lessthan 18 years.
« Open proximal humerus fractures

« Infection

« Head injury/vascularinjury

« Pathological fracture and malignancy.

Pre-operative planning

The patient was initially stabilized in the emergency
department, and local skin conditions were assessed. Pre-
operative radiographs were taken to evaluate the fracture
morphology, classify according to Neer’s classification and the
patient was placed in U-slab immobilization. Pre-anesthetic
work-up was completed, and each patient underwent plate
osteosynthesis using the standard anterior deltopectoral
approach 8,9,10] (Fig. 1).

Post-operative care

Following surgery, all 40 patients were given a shoulder
immobilizer to help stabilize their arms. Post-operative X-rays
were obtained the entire day after the procedure to assess
fracture positioning, reduction, and support. Physiotherapy for
the shoulder was initiated based on fixation stability, bone
quality, and patient adherence. Active range of motion (ROM)
activities for the elbow, wrist, and hand began on the 1st post-
operative day, while passive ROM exercises such as oscillator
swings, passive ahead elevation, and outward rotation began in
the 2nd weekafter surgery.

The rehabilitation process included early passive-assisted
exercises to prevent adhesion formation. Active exercises were
started around 6 weeks after surgery, with strengthening and
resistance exercises commencing between 10 and 12 weeks,
once bony consolidation was confirmed through X-rays.
Subsequent X-rays were scheduled at 4 weeks, 3 months, 6
months, and 12 months to monitor fracture healing and identify
potential complications, including screw permeation, screw
removal, avascular necrosis, and device loosening. The
Constant-Murley (C-M) scores were assessed at each follow-up

[11].
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Figure 2: Pre-operative X-ray and post-operative radiological parameters. (a) neck-shaftangle, (b) alpha, beta, (c) head diameter and head height, (d) greater

tuberosity-AS distance.
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Figure 3: Clinical follow-up at the end of 1 year showing good outcomes.

Assessment

Antero-posterior views of shoulders were assessed under the
supervision of an orthopedic specialist, ensuring the patient
was in a standardized position. Measurements were performed
using InstaRISPACS from Meddiff Technologies Pvt. Ltd. To
minimize magnification errors, plate and screw sizes were
employed as scales. An experienced trauma consultant
reviewed the radiographs. X-rays were taken immediately after
surgery and at 1 month, 3, and 6 and 1 year to assess the quality
and the union of the fracture. This assessment considered the
neck-shaft angle (NSA), the distance that’s falling within the
GT and articular surface (AS), head height, head diameter,
alpha distance, beta distance, and whether a calcar-specific
screw was present (Fig. 2). Post-check in X-rays was also
analyzed for the betterment of the bone, avascular necrosis,
device-associated challenges, screw fixing within the joint, and
signs of arthritic transformation.

The NSA was calculated by drawing a line parallel to the
articular near the border and an erect line through the heads of
the humerus center. A third line was drawn in line to the
humeral shaft, and the NSA was measured at their intersection
[12], the head diameter was calculated by measuring the gap in
the middle of the lower and elevated cortices of the articular
surface. Head height was the distance from the center of the
head diameter and the articular cortex, measured erect to the
head diameter [13].

The alpha position is the distance between the outer cortices
just above the deltoid tuberosity, and beta distance is the
position of the inner cortices at a similar equallevel. Alpha/beta
is an indirect indicator of bone marrow density and is useful in
the prediction of screw cut out [ 14, 15]. The GT to AS distance
was the distance that lies inside the most elevated point on the
GT and the highest point on the humeral head [16]. The C-M
score evaluates pain, shoulder function in routine activities, all
movements, and shoulder toughness [17]. The scoring is made

as excellent (100-86 points), good (85-71 points), satisfactory
(70-56 points), and poor (below 56 points). Setbacks were
recorded with hindsightat each visit [18].

Results

Atotal of 40 patients were studied, as summarized in Table 1 and
table 2. The patients had an average age of 53.24 years, with an
agerange of 22-7S years. The group comprised 24 malesand 16
females. Injuries occurred on the right side in 25 of them and 15
on the left side. The causes of injury included street accidents in
19 of them and falls in 21 patients. Based on Neer’s
classification, 10 patients had two-part fractures, 21 had three-
partfragmentation, and 9 had four-part fragmentation.

Every patient underwent surgery using the deltopectoral
approach. The mean NSA was 138.62° + 11.09°. The literature
indicates that a normal NSA is 135°, with an acceptable varus
deviation up to 120° [19]. In this, four had an NSA of <120°,
with three achieving a fair functional outcome and one
achieving a good functional outcome. Two of 29 of those who
participated with an NSA >130° and a compressed GT lower
the acromion surface (AS) had a fair functional prognosis, most
likely based on concurrent rotator cuffand soft tissue injuries.

The distance from the higher limit of the GT and the AS was
assessed, as this area is critical for shoulder abduction and
significantly impacts functional outcomes. In the study, the
mean distance from GT to AS was 6 mm * 1.4 mm. The mean
alphaangle was 1.84 £0.17, the mean betaangle was 1.15+0.18,
and the mean alpha/beta ratio was 1.60 + 0.19. Among the 40
patients, 5 had an alpha/beta ratio of <1.40 mm but still
achieved a good C-M score. However, 2 out of these S patients
experienced screw cut-outs.

The study also measured head diameter and height, which

revealed that individuals with outstanding grades had
considerably greater head diameters and heights. The mean C-
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M marks at the half-yearly re-visit were 80.72. Five patients had
a C-M score below 60, with 4 of these patients exhibiting varus
head position and all § having a GT to AS distance of <6 mm.
ROM was assessed at final follow-up, with 35 of them (87.5%)
achieving abduction more than 90° and S patients (12.5%)
below 90°. Complications were observed in 8 patients (20%):
Varus collapse in 4 patients (10%), abduction <90°in S patients
(12.5%), infection in 1 patient (2.5%), and screw cut-out in 2
patients (5%).

Discussion

The primary intention was to examine the relationship between
radiographic parameters with functional outcomes. Proximal
humeral fractures, known for their complex fracture
pathoanatomy, are prevalent and of significant interest in
orthopedic practice due to the methods employed to ensure
early functional recovery. The reduction and fixation
technique, alongside the surgeon’s skill and experience, is
crucial.

In this investigation, 22 of 40 were below 60 age, with an average
age of 53.24 years. In addition, 24 patients were men, who
generally have better bone quality. This contrasts with
Dheenadhayalan et al’s [20] study, which had a higher
proportion of male patients, whereas other studies often report
alargernumber of female patients.

The NSA, representing the aspect from the diaphyseal to the
humeral neck level, has a normal value of about 135°. NSA of
120° or lower increases the probability of varus collapse [ 19]. In
our study, 4 out of 40 patients had an NSA of <120°. Of these, 3
had shoulder abduction lower to 90° and a C-M scoring of 60,
representing that deviations from the NSA can impair active
outcomes. These findings align with literature describing
restricted shoulder mobility, particularly abduction, because of
varus deformities of the humerus. In Dheenadhayalan et al’s
[20] study, 14 out of 127 patients had an NSA of <120° and all
of these patients exhibited similar impairments in shoulder
abductionand C-Mscores.

GT to AS was also evaluated, as this distance is crucial for
shoulder abduction and functional outcomes. In our study, the
mean GT to AS distance was 6 mm % 1.4 mm. Head diameter,
measured within the lower and superior cortices of the articular
plane, averaged 44.6 mm, while head height, represented as the
space from the head midpoint to the articular cortex, averaged
17.3 mm. Patients with larger head diameters and heights had
better C-M scores. Dheenadhayalan et al. [20] reported an
average GT to AS length of 7.2 mm, noting that higher
displacement of GT above AS was linked with shoulder
abduction of <90° in patients with such displacements.

Robertson et al’s [22] study of cadaveric humeri found
comparable values for head height and gap from the tuberculum

and head apex.

In our study, the alpha gap was noted within the outer cortices
above the deltoid tuberosity, and the beta distance was
measured between the inner cortices at the same level. The
alpha/beta ratio, an indirect indicator of bone marrow density,
was used to predict screw cut-out. The mean alpha distance was
1.84 £ 0.17, the beta distance was 1.15 + 0.18, and the
alpha/beta ratio was 1.60 * 0.19. Five patients had an
alpha/beta ratio of <1.40 but still achieved good C-M scores;
however, 2 of these S patients experienced screw cut-out. Da
Silva et al. [15] found that a deltoid tuberosity index (similar to
our alpha/beta ratio) of <1.44 was associated with an 8% rate of
screw cut-out. In our study, S patients had an alpha/beta ratio
<1.44,with2 (40%) experiencing screw cut-out.

Recent studies highlight the necessity of supporting the medial
column in holding stable fixation of nearby humerus fractures
and avoiding varus malunion, plate failure, screw cut-out, and
impingement. Proper anatomic reduction and medial calcar
restoration provide essential support, increasing load to failure,
axial stiffness, and overall stability of the fixation. Gardner et al.
[21] first emphasized that mechanical support of the
inferomedial area considerably minimizes post-operative
fracture subsidence. Medial column support can be achieved
through calcar screws or endosteal fibular allograft
augmentation. In our study, calcar screws were not applied in 6
patients, of whom 4 experienced varus collapse postoperatively.
Dheenadhayalan et al. [20] also observed post-operative varus
collapsein 14 patients, all of whom did not receive a calcar screw
(Fig.3).

At the 6-month revisit, the average C-M rating in our study was
80.72. Thirty-two patients (80%) achieved a good to excellent
outcome. Five of the participants had a C-M score below 60,
with 4 exhibiting varus head position and all having a GT to AS
distance of within 6 mm. ROM assessment revealed that 87.5%
of patients had shoulder abduction above 90°, while 12.5% had
abduction below 90°. Dheenadhayalan et al. [20] reported that
94% had a good to excellent based on the C-M rating. Ahrend et
al. have mentioned a mean C-M scoring of 80.2 £ 17. Our
findings are consistent with previous studies, including Ockert
etal. [23], who found an average C-M score of 75.3 points aftera
median follow-up of 10 years.

This study’s limitations include its retrospective methodology,
limited sample size, low follow-up rate, and reliance on X-ray
rather than CT imaging, which would provide more
comprehensive three-dimensional information on
radiographic parameters and prognostic factors for previously
mentioned fractures.
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Conclusion

This study evaluates the relationship between radiographic
parameters and functional outcomes in proximal humeral
fractures treated with open reduction and plate fixation. The
findings highlight the importance of precise anatomical
reduction, particularly the NSA and the distance between the
GT and the articular surface (AS), in predicting functional
recovery. Anormal NSA and an adequate GT to AS distance are
associated with improved shoulder abduction and higher C-M
scores. Even though 9 patients had Neer’s four part fracture,
only 4 patients had fair functional outcome and remaining had
good functional recovery. In addition, the alpha/beta ratio,
which reflects bone marrow density, was found to influence
outcomes, with lower ratios correlating with a higher incidence

of screw cut-out. Stabilization of the medial column, achieved
through techniques such as calcar screws, was shown to reduce
the risk of varus collapse, underscoring its importance in
ensuring stable fixation. Although the outcomes were generally
positive, complications such as screw cutout and varus collapse
remain significant, emphasizing the need for careful surgical
technique and diligent post-operative care.

Clinical Message

Restoring radiological parameters in proximal humerus fractures
with plate fixation is vital for optimal functional outcomes. Accurate
anatomical reduction preserves shoulder biomechanics, improving
mobility and strength while reducing complications such as
malunion, non-union, or stiffness, ensuring better post-operative
recovery.
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