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Abstract:

Proximal humeral fractures make up 4% of all fractures, predominantly affecting women over 50 due to
osteoporosis. While many are stable and treated non-operatively, complex cases often require surgery. Locking
compression plates (LCP) enhance fixation in osteoporotic bone by reducing screw loosening and improving
stability. This prospective study assessed LCP outcomes in three- and four-part proximal humeral fractures in
patients over 50 at SMCH Orthopaedics between November 2023 and October 2024. Ethical approval and
informed consent were obtained. Twenty patients (13 with three-part, 7 with four-part fractures) underwent LCP
(PHILOS) fixation and were followed for six months. Outcomes were evaluated using the Constant-Murley
Score. Three-part fractures demonstrated better results in pain relief, mobility, and strength, with fewer
complications than four-part fractures. Healing was faster in three-part cases (17.2 vs. 21.7 weeks), and
Constant scores were higher (84.8 vs. 66.7). Four-part fractures showed increased complications, including
infection, delayed union, and mechanical failure. Despite this, all patients showed functional improvement over
time. LCP fixation proved to be a reliable treatment for complex proximal humerus fractures in elderly patients,
especially for three-part fractures, supporting early mobilization, stable fixation, and satisfactory recovery
outcomes.
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Introduction

Proximal humerus fractures are among the most
common upper extremity fractures, particularly
affecting older adults with osteoporotic bone and
younger individuals involved in high-energy
trauma such as vehicle accidents or sports injuries.
Representing about 5% of all fractures, these
injuries follow a bimodal distribution. [1] The
complexity varies from simple two-part to
comminuted three- and four-part fractures,
classified using the Neer system. Among these,
three- and four-part fractures are the most
challenging due to risks like non-union, avascular
necrosis (AVN), and stiffness. [2]

Treatment strategies range from conservative
management to surgical interventions including
open reduction and internal fixation (ORIF),
intramedullary nailing, and arthroplasty. ORIF with
locking compression plates (LCP) has emerged as a
preferred method due to superior biomechanical
stability and favourable outcomes, especially in
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patients with good bone quality. The Neer
classification guides treatment by evaluating
displacement of four main components: humeral
head, greater and lesser tuberosities, and shaft. [3]
In three- and four-part fractures, displacement often
compromises the blood supply—particularly the
anterior circumflex humeral artery and arcuate
branch—Ileading to a high AVN risk, especially in
four-part injuries. These fractures require
restoration of anatomical alignment and -early
mobilization to preserve function. [4]

Conservative treatment, though considered for
elderly or low-demand patients, often results in
malunion, stiffness, and persistent pain in displaced
fractures. Intramedullary nailing is useful for
certain two-part fractures but carries risks like
malrotation, implant failure, and soft tissue
irritation.  Arthroplasty, including hemi- and
reverse shoulder replacements, is an option for
elderly patients with severe comminution, but has
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limitations in functional recovery and requires
prolonged rehab.[5] Locking compression plates
have revolutionized fracture management by
overcoming the shortcomings of traditional plates.
[6] LCPs offer angular stability and are especially
beneficial in osteoporotic and multi-fragmentary
fractures. [7] They provide a fixed-angle construct
where screws lock into the plate, preventing
loosening and allowing for early mobilization. This
reduces complications like joint stiffness and
atrophy. [8] The angular stability also improves
screw hold in fragile bone, helping prevent
secondary displacement or hardware failure.

Biomechanical studies confirm that LCPs better
maintain fracture reduction under load compared to
conventional plates. They resist varus collapse and
torsional stress, decreasing implant loosening and
screw cut-out. [9] Nonetheless, complications like
screw penetration into the joint, subacromial
impingement, and loss of reduction remain
concerns. Optimal surgical technique is crucial,
emphasizing anatomical reduction, medial column
support, and careful screw placement.

Clinical studies generally show favourable
functional outcomes with LCP fixation, particularly
in younger or active older adults. Assessment tools
such as the Constant-Murley Score and DASH
score are used to evaluate pain, mobility, and
function. [10] Many patients achieve near-normal
shoulder function within a year of surgery.
However, complication rates increase with poor
bone quality and improper technique. [11]

Avascular necrosis is a major complication,
especially in four-part fractures with significant
vascular disruption. While LCPs stabilize the
fracture, they don’t address vascular compromise.
Minimally invasive techniques and soft tissue
preservation are recommended to minimize AVN
risk. Intraoperative tools like Doppler ultrasound
can help assess vascular status and guide decision-
making. [12]

Screw penetration into the glenohumeral joint can
cause cartilage damage and arthritis, typically from
long screws or postoperative fracture collapse. [13]
To prevent this, accurate intraoperative
measurement and shorter screw use are advised,
especially in high-risk zones. Newer implant
designs with poly-axial and variable-angle screws
provide Dbetter adaptability and reduce this
complication. [14] Restoring medial column
support is vital for maintaining stability and
preventing varus collapse. This can be achieved
through calcar screws, fibular strut grafts, or screws
engaging the medial cortex. Studies show that
proper medial support leads to better functional
outcomes and fewer complications. [15] Despite
the benefits of LCP fixation, patient-specific
factors significantly influence outcomes. Elderly
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patients with poor bone quality face higher risks of
complications such as non-union or hardware
failure.  Therefore, individualized treatment
planning is essential. Proper patient selection,
surgical expertise, and a structured rehabilitation
protocol are key to successful outcomes.

Rehabilitation plays a pivotal role in functional
recovery. Early passive range-of-motion exercises,
followed by progressive strengthening, are crucial
to prevent stiffness and restore shoulder function.
Delayed rehab or prolonged immobilization can
lead to poor outcomes. A tailored approach to
postoperative care ensures optimal recovery and
shoulder mobility. [16]

Locking compression plate fixation offers a
biomechanically superior and clinically effective
treatment option for complex proximal humerus
fractures, particularly in active or younger patients.
While complications remain, especially in four-part
fractures or poor bone conditions, careful surgical
planning, proper technique, and structured
rehabilitation significantly improve outcomes. For
elderly patients, treatment must be individualized,
balancing fracture complexity, bone quality, and
functional goals.

Materials and Methods

This prospective, hospital-based study was
conducted over a period of one year, from
November 2023 to October 2024, in the
Department of Orthopaedics at Silchar Medical
College and Hospital, Silchar, Assam. The study
aimed to evaluate the outcomes of surgical
management of complex proximal humerus
fractures wusing PHILOS (Proximal Humerus
Internal Locking System) plates. A total of 20
patients were selected based on specific inclusion
and exclusion criteria. The sample size was
calculated using Daniel’s formula for sample size
estimation, assuming a prevalence (p) of 0.015, a
95% confidence level (Z = 1.96), and a precision
(d) of 0.05. Eligible patients were above the age of
50 years and diagnosed with displaced three-part or
four-part fractures of the proximal humerus
confirmed by plain radiography and computed
tomography (CT) with 3D reconstruction. Patients
with stable, non-displaced fractures, minimal
tuberosity displacement, open or pathological
fractures, ipsilateral distal humerus or elbow
injuries, or those deemed unfit for surgery were
excluded. Ethical clearance for the study was
obtained from the institutional ethics committee in
October 2023, and informed written consent was
taken from each patient after explaining the
procedure, risks, and expected outcomes. On
presentation to the emergency or outpatient
department, each patient underwent primary trauma
evaluation with attention to airway, breathing, and
circulation, followed by a complete systemic
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examination to rule out associated injuries. The
affected limb was initially immobilized using a
universal shoulder immobilizer, and radiographs
were obtained in anteroposterior and axillary
views. Once a proximal humerus fracture was
confirmed, the patient was admitted and further
evaluated. A detailed medical history including
age, sex, socioeconomic background, duration and
mechanism of injury, and past illnesses was
recorded. Baseline investigations were conducted,
and a CT scan with 3D reconstruction of the
shoulder was performed to assess the extent of
fracture comminution and geometry. Patients were
counselled about the surgical procedure, potential
complications, and the importance of postoperative
rehabilitation for achieving optimal functional
recovery. Surgical intervention was performed
under general or regional anaesthesia, based on the
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anaesthesiologist’s preference. Standard
preoperative protocols were followed, including
limb shaving, antiseptic painting, and preoperative
antibiotics with third-generation cephalosporins
and amikacin. The surgery was conducted with the
patient in the beach chair position using a
deltopectoral approach. A 10—15 cm skin incision
was made from the tip of the coracoid process
extending distally. The cephalic vein was identified
and preserved by retracting it laterally. Dissection
was carried out in the internervous plane between
the deltoid and pectoralis major, taking care to
protect the axillary and pectoral nerves. The biceps
tendon was visualized and retracted, and the
fracture site was exposed with minimal soft-tissue
dissection. The fragments were anatomically
reduced and temporarily held with Kirschner wires,
placed to avoid interference with plate positioning.

Figure 1: Instrument table and implants

The PHILOS plate was positioned 5-8 mm distal to the greater tuberosity and 2 mm posterior to the bicipital
groove to avoid impingement on the biceps tendon. A minimum of five proximal locking screws were inserted
using an aiming jig to achieve stable fixation. Final alignment and screw placement were confirmed with
intraoperative fluoroscopy. The tuberosity fragments were secured with non-absorbable sutures passed through
the plate. Wounds were closed in layers over a suction drain, which was removed after 72 hours. Intraoperative
blood loss was documented using suction volumes and gauze counts.

Figure 2: Intra-op photo of implant in situ

Das et al.

International Journal of Current Pharmaceutical Review and Research

432



International Journal of Current Pharmaceutical Review and Research

Postoperative care included immobilization of the
shoulder, while elbow and hand exercises were
initiated immediately to prevent stiffness and
improve circulation.

Passive shoulder mobilization, including pendulum
and forward elevation exercises, began from the
first postoperative day. After 4-6 weeks, active
shoulder movements were introduced, followed by
stretching and resistive strengthening exercises
from the third postoperative month. Patients were

Figure 3: Immediate post-op (left) and 6-mronth post-op X-Rays (Right)
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followed up at 2 weeks, 6 weeks, 3 months, and 6
months. At each visit, they were assessed for pain,
tenderness, range of motion, signs of infection, and
fracture union both clinically and radiologically.

The final outcome was evaluated using the
Constant-Murley scoring system at the 6-month
follow-up, providing a comprehensive assessment
of shoulder function and recovery following
fixation of complex proximal humerus fractures
with PHILOS plates.

Figure 4: Clinical photos of patient demonstrating ROM at 6-month follow-up.

Results and Observations

The study involved 20 patients aged 50 years and
above, categorized into four age groups: <55, 55—
59, 60-64, and >65 years. The highest
representation was from the 55-59 and >65 age
groups, each comprising 30% of the sample, while
the <55 and 60—64 groups each contributed 20%.

This suggests a higher incidence of proximal
humerus fractures in older adults. Females were
more frequently affected (60%) than males (40%).
Falls were the predominant cause of injury (55%),
followed by road traffic accidents (40%) and
seizures (5%). Right-side fractures were more
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common (65%) than left-sided ones (35%). Based
on the NEER classification, 65% had 3-part
fractures and 35% had 4-part fractures. The mean
time from injury to surgery was 9.1 + 2.1 days. The
average surgery duration was significantly longer
in 4-part fractures (2.2 hours) compared to 3-part
(1.4 hours). Patients with 3-part fractures began
mobilization earlier (2.9 days) and showed quicker
fracture union (17.2 weeks) compared to 4-part
fractures (3.6 days and 21.7 weeks, respectively).
Postoperative pain was significantly lower in 3-part
fractures, with 92.3% reporting no pain, whereas 4-
part fractures showed higher rates of mild to
moderate pain. Functional recovery in daily
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activities was significantly better in 3-part
fractures, where 84.6% achieved an excellent
outcome, compared to only 14.3% in 4-part
fractures. In terms of shoulder mobility, 3-part
patients achieved higher degrees of abduction and
flexion. Internal and external rotation also favoured
3-part fractures, with most patients achieving
higher functional levels. All patients in both groups
regained good postoperative strength. The average
Constant-Murley score was significantly higher in
3-part fractures (84.8) compared to 4-part fractures
(66.7), reflecting better shoulder function. Overall
postoperative outcomes were markedly better in the
3-part group, with 61.5% achieving excellent
results, while 71.4% of the 4-part group had only
moderate recovery. Patients with 3-part fractures
also returned to daily activities faster (4.2 months
vs. 5 months for 4-part fractures). Complication
rates were notably higher in 4-part fractures, with
only 14.3% experiencing no issues, whereas 84.6%
of 3-part patients were complication-free. The 4-
part group experienced complications such as
delayed union, infection, and varus deformity. In
contrast, loss of reduction was the only
complication observed in the 3-part group. These
findings underscore that 3-part fractures are
associated with shorter surgery time, earlier
mobilization, quicker union, lower pain, better
functional outcomes, fewer complications, and
quicker return to daily life compared to 4-part
fractures. The study strongly suggests that fracture
complexity significantly affects surgical outcomes
and recovery trajectories in proximal humerus
fractures.

Discussion

This prospective observational study aimed to
evaluate the functional outcomes of locking
compression plate (LCP) fixation in comminuted
proximal humerus fractures, specifically three- and
four-part fractures, in patients aged over 50 years.
These complex fractures are particularly prevalent
in the elderly due to osteoporotic bone, which
compromises structural integrity and increases
susceptibility to fractures even from low-energy
trauma (Siwach et al., 2008; Hirschmann et al.,
2011). [17,18]

In this study, most patients were above 55 years of
age, and females constituted 60% of the cohort—
likely due to postmenopausal osteoporosis (Chen et
al., 2016) [19]. The most common mechanism of
injury was falling (55%), followed by road traffic
accidents (40%). The right shoulder was affected in
65% of cases, consistent with limb dominance
patterns (Chowdary et al., 2014; Koirala et al.,
2023). [20]

Fracture types included 65% three-part and 35%
four-part fractures, classified using the Neer
system. Time to surgery averaged 9.1 days, and
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operative times were significantly longer for four-
part fractures (2.2 hours vs. 1.4 hours). This reflects
the increased difficulty in achieving stable
reduction in more complex patterns (Park et al.,
2009). [21] Delayed mobilization was also more
prominent in four-part fractures, with an average
initiation at 3.6 days compared to 2.9 days for
three-part cases (Lin et al., 2014). [22]

Radiological union was quicker in three-part
fractures (17.2 weeks) than four-part fractures (21.7
weeks), consistent with prior studies (Chowdary et
al., 2014; Kim et al, 2012). Postoperative
outcomes favoured the three-part group, where
92.3% of patients were pain-free and 84.6%
resumed full daily activities. In contrast, only
14.3% of four-part patients achieved similar
outcomes (Hirschmann et al., 2011; Chen et al.,
2016).

Functional recovery, as measured by the Constant-
Murley score, was higher in the three-part group
(mean 84.8) compared to the four-part group
(66.7), aligning with previous literature (Thanasas
et al., 2009; Brunner et al., 2009). [23] Range of
motion, particularly in abduction, flexion, and
rotation, was significantly better in the three-part
group. Strength outcomes were similar across both
groups, suggesting that muscle recovery is largely
influenced by rehabilitation rather than fracture
complexity (Raghavendra et al., 2007). [24]

Complications were more common in four-part
fractures, including delayed union, infection, varus
deformity, and screw cut-out. These findings
reinforce the importance of medial support and
accurate screw placement, particularly in
osteoporotic bone (Burke et al., 2012; Omid et al.,
2021). Maintenance of reduction was better in
three-part fractures, although failures in four-part
cases were attributed to early mechanical instability
(Thanasas et al., 2009; Kim et al., 2012).

This study had several limitations, including a
small sample size (20 patients), limiting
generalizability. The short-term follow-up may
have missed late complications such as avascular
necrosis or implant loosening. Being single-center,
results may reflect institutional or surgeon-specific
biases. The absence of a control group restricts
comparative analysis. Functional assessment was
limited to the Constant-Murley score, excluding
broader patient-reported outcomes. Additionally,
bone quality was not analyzed, and advanced
imaging like CT for vascular status was not
utilized.

Conclusion

The study concludes that locking compression plate
(LCP) fixation offers favourable functional
outcomes in the treatment of comminuted proximal
humerus fractures, particularly among patients aged
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over 50 years. Among the patients studied, those
with three-part fractures demonstrated superior
outcomes in terms of pain relief, postoperative
mobility, and faster return to daily activities
compared to those with four-part fractures.
Statistically significant differences were observed
in range of motion, internal and external rotation,
and Constant-Murley scores, with three-part
fracture patients achieving higher functional scores
and fewer complications. The mean Constant score
for three-part fractures was 84.8, compared to 66.7
for four-part fractures.

Postoperative complications, such as infection,
varus collapse, and delayed union, were more
commonly observed in the four-part group. All
patients, regardless of fracture type, regained good
postoperative strength. These findings reinforce the
efficacy of LCP in achieving stable fixation and
enabling early mobilization, especially when proper
surgical techniques are employed. However, the
increased complexity of four-part fractures
necessitates more careful surgical planning and
may benefit from adjunctive measures such as bone
grafting.

Overall, the study confirms that LCP fixation is a
reliable option for managing complex proximal
humerus fractures in the elderly and can lead to
satisfactory functional recovery with minimal
complications.
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