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ABSTRACT

Background: Proximal humerus fractures are among the most common upper limb injuries, particularly in middle-aged and
elderly populations, with their incidence rising due to high-energy trauma in younger individuals and osteoporosis in older
adults. These fractures account for 4-10% of all fractures and are associated with significant morbidity when inadequately
managed. Surgical fixation has evolved from K-wiring and tension band wiring to locking plate fixation, with the PHILOS
plate gaining attention for its angular stability, early mobilization potential, and improved functional recovery.

Objective: The study aimed to evaluate the functional and radiological outcomes of proximal humerus fractures managed
surgically using the proximal humeral internal locking system (PHILOS) plate.

Methods: This prospective descriptive study was conducted from December 2023 to November 2024 and included 88 patients
aged above 18 years with displaced proximal humerus fractures meeting Neer’s operative criteria. Patients underwent open
reduction and internal fixation with a PHILOS plate using a standard deltopectoral approach. Postoperative follow-up was
performed at 3, 6, and 9 months. Functional outcomes were assessed using Neer’s scoring system, while radiological outcomes
were evaluated through serial radiographs for fracture healing. Statistical analyses included paired t-tests, McNemar’s test, and
marginal homogeneity tests, with significance set at p < 0.05.

Results: The mean age of patients was 37.93 £+ 12.63 years, with 61 males (69.32%) and 27 females (30.68%). The mean Neer
score improved from 68.64 + 8.65 at 3 months to 78.49 £ 4.85 at 6 months (p = 0.0005), and further to 85.24 + 9.53 at 9 months
(p = 0.0005). Favorable functional outcomes (excellent and satisfactory) were achieved in 86.36% of patients at 9 months.
Radiological healing improved from 29.55% at 3 months to 76.14% at 6 months (p = 0.0005) and 86.36% at 9 months (p =
0.004). Complications included surgical site infection (13.6%), avascular necrosis (5.7%), screw back-out (2.3%), and shoulder
stiffness (6.8%).

Conclusion: The PHILOS plate demonstrated effective fracture stabilization, early functional recovery, and satisfactory
radiological outcomes in patients with proximal humerus fractures. Nevertheless, awareness of potential complications and
careful patient selection remain essential for optimizing outcomes.

Keywords: Avascular necrosis, Bone plates, Humeral fractures, Internal fixation, Osteosynthesis, Shoulder joint, Surgical
wound infection.
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INTRODUCTION

Proximal humerus fracture (PHF) is a common injury that occurs near the shoulder joint and represents one of the most significant
challenges in orthopedic practice. It accounts for approximately 4—10% of all fractures and is recognized as the third most frequent
fracture in the elderly population, following hip and distal radius fractures (1,2). The rising prevalence of PHF, estimated at 90—105
cases per 100,000 individuals annually, is strongly associated with the aging demographic and the increasing burden of osteoporosis,
with reported annual incidence rates climbing by nearly 13.7% (3,4). These fractures typically result from low-energy falls on an
outstretched hand among the elderly, while high-energy mechanisms such as road traffic accidents and sports injuries are more common
in younger patients (5,6). The management of PHF is complex and continues to provoke debate regarding the optimal treatment strategy.
Non-operative measures are often reserved for stable, minimally displaced fractures, whereas surgical treatment is indicated for
displaced, unstable, or fracture dislocations, particularly those caused by high-energy trauma (7,8). The overarching goal of intervention
is to restore functional mobility, alleviate pain, and prevent long-term disability. However, the literature highlights persistent challenges,
including postoperative stiffness, malunion, nonunion, implant-related complications, osteonecrosis, and residual rotator cuff weakness,
regardless of the chosen method of fixation (9). This underscores the need for refinement in surgical approaches to improve patient
satisfaction and functional recovery.

In recent years, the proximal humeral internal locking system (PHILOS) has emerged as an advanced surgical option designed to provide
rigid fixation with angular stability. This next-generation locking plate functions as an internal-external fixator, enhancing the resistance
of screws to pullout and facilitating early rehabilitation through stable fixation (10-13). Clinical studies have reported favorable
outcomes with PHILOS plates, with a study documenting satisfactory to excellent functional recovery in most patients, albeit with a
small proportion experiencing complications (14). Likewise, another study observed that the majority of patients treated with PHILOS
achieved excellent or satisfactory results as assessed by Neer’s criteria (8). These findings suggest that PHILOS plating may offer a
distinct advantage over conventional techniques, potentially improving both shoulder function and overall quality of life. Despite
growing evidence, controversy persists regarding the consistency of outcomes and the risk of complications associated with PHILOS
fixation. Therefore, this study aims to analyze the functional and radiological outcomes of proximal humerus fractures treated with
PHILOS plates, with the objective of determining whether this technique offers superior clinical results and enhanced patient
independence compared to conventional fixation methods.

METHODS

This prospective descriptive study was conducted in the Department of Orthopedics at Civil Hospital Karachi, Pakistan, over a one-year
period from December 1, 2023, to November 30, 2024. Ethical approval was obtained from the Research Evaluation Unit, College of
Physicians and Surgeons Pakistan (CPSP), under approval number CPSP/REU/OSG-2023-183-2913, and the study adhered to the
principles of the Declaration of Helsinki. All participants were fully informed about the study protocol, and written informed consent
was obtained prior to enrollment. The study population included patients aged above 18 years who presented with proximal humerus
fractures confirmed on plain radiographs and fulfilling Neer’s criteria for operative displacement. Exclusion criteria included patients
with undisplaced fractures, open fractures, associated neurovascular or head injuries, uncontrolled diabetes, or those who were deemed
medically unfit for surgery. Eligible participants were recruited through the Emergency Department, ensuring a representative sample
of acute fracture presentations. Preoperative evaluation included documentation of demographic characteristics such as age, gender,
height, weight, and body mass index (BMI), as well as the mechanism of injury. Imaging assessment comprised standard anteroposterior,
lateral, and axillary views of the affected shoulder. Neer’s classification system was used to categorize fractures, and computed
tomography (CT) scans were obtained in selected cases to clarify complex articular involvement. All findings were systematically
recorded on a structured proforma by the primary researcher to maintain data uniformity and reliability.

All surgical procedures were performed by a consultant orthopedic surgeon with more than five years of post-fellowship experience.
The standard deltopectoral approach was used under general anesthesia with patients positioned in the beach-chair position. A
longitudinal incision was made along the deltopectoral groove, with careful preservation of the cephalic vein. The deltoid and pectoralis
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major were retracted to expose the fracture site. Direct visualization enabled accurate reduction, which was temporarily maintained with
Kirschner wires when required. Definitive fixation was achieved using a proximal humeral internal locking system (PHILOS) plate
positioned laterally and secured with locking screws under fluoroscopic guidance. Hemostasis was ensured, and the wound was closed
in layers over a suction drain. Postoperatively, all patients were immobilized in an arm sling, and passive mobilization was initiated
according to individual pain tolerance. A structured physiotherapy program was prescribed for all participants to support pro gressive
restoration of range of motion and function. Outcomes were assessed both functionally and radiologically at 3, 6, and 9 months
postoperatively. Functional outcomes were evaluated using Neer’s scoring system, which assesses pain, range of motion, and functional
ability, with scores ranging from 0 to 100. Scores were categorized as excellent, satisfactory, unsatisfactory, or failure, and for analytical
purposes, excellent and satisfactory outcomes were considered favorable. Radiological assessment involved anteroposterior and lateral
radiographs to evaluate fracture healing, defined by callus formation and/or disappearance of fracture lines. Radiological outcomes were
recorded as “good” or “poor.”

Sample size calculation was based on findings of a study which reported 65% excellent and 20% satisfactory outcomes following
PHILOS fixation (2). Using these values, a total of 88 patients were required to estimate favorable outcomes within a 10% margin of
error at a 95% confidence interval, ensuring sufficient statistical power. Statistical analysis was conducted using SPSS version 19.0
(SPSS Inc., Chicago, IL, USA). Continuous variables such as age, height, weight, BMI, and operative time were presented as mean +
standard deviation (SD). Categorical variables, including gender, side of involvement, mechanism of injury, and outcome categories,
were presented as frequencies and percentages. The paired t-test was applied to compare mean Neer scores across follow-up intervals
(3 vs. 6 months, and 6 vs. 9 months). McNemar’s test and marginal homogeneity tests were used to compare repeated categorical
outcome measures. A p-value of less than 0.05 was considered statistically significant.

RESULTS

A total of 88 patients with surgically treated proximal humerus fractures using PHILOS plates were analyzed. The mean age of the
cohort was 37.93 + 12.63 years, with a predominance of males (69.32%) compared to females (30.68%). The mean weight was 72.87 +
16.91 kg, mean height 160.34 £ 9.56 cm, and mean BMI 28.38 + 6.68 kg/m?. The average duration of surgery was 151.82 = 50.59
minutes. Road traffic accidents were the leading cause of injury, accounting for 69.32% of cases, followed by falls in 18.18% and sports-
related injuries in 12.50%. The right shoulder was more frequently affected (65.90%) compared to the left (34.10%). According to Neer’s
classification, one-part fractures represented 52.30% of cases, two-part fractures 45.50%, and three-part fractures 2.30%, with no four-
part fractures observed. Functional outcomes demonstrated progressive and statistically significant improvement throughout follow-up.
The mean NEER score at 3 months was 68.64 & 8.65, which increased to 78.49 + 4.85 at 6 months (p = 0.0005), and further improved
to 85.24 + 9.53 at 9 months (p = 0.0005). When categorized, functional outcomes at the final follow-up revealed that 47.73% of patients
achieved excellent recovery, 38.64% had satisfactory outcomes, 9.09% showed unsatisfactory results, and 4.55% were classified as
failures. The proportion of favorable outcomes (excellent or satisfactory) significantly increased over time. Radiological assessment
also demonstrated marked improvement with fracture healing. At 3 months, only 29.55% of patients achieved good radiological
outcomes, which increased to 76.14% at 6 months (p = 0.0005) and further to 86.36% at 9 months (p = 0.004). Postoperative
complications were recorded in a minority of patients. Surgical site infections occurred in 13.6% of cases, avascular necrosis in 5.7%,
screw back-out in 2.3%, and postoperative shoulder stiffness in 6.8%. Despite these complications, the majority of patients progressed
toward functional and radiological recovery.

Table 1: Baseline Demographic, Injury, and Surgical Characteristics of the Study Population (n = 88)

Variable Value

Age (years) 37.93+2.63
Weight (kg) 72.87+16.91
Height (cm) 160.34+£9.56
BMI (kg/m?) 28.38 £6.68
Duration of Surgery (minutes) 151.82+50.59
Gender

Male 61 (69.32%)
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Variable Value
Female 27 (30.68%)
Mode of Injury

Road Traffic Accident (RTA) 61 (69.32%)
Fall 16 (18.18%)
Sport 11 (12.50%)
Fracture Side

Right 58 (65.90%)
Left 30 (34.10%)
NEER Classification

1-Part 46 (52.30%)
2-Part 40 (45.50%)
3-Part 2 (2.30%)
4-Part 0 (0.00%)

Table 2: Comparison of Functional Outcomes at 3rd, 6th, and 9th Month Postoperative Follow-Up

Functional Outcome 3rd Month 6th Month

9th Month P-value (3rd vs. 6th) P-value (6th vs. 9th)

Excellent 0 (0.00%) 0 (0.00%) 42 (47.73%) 0.0005 0.0005
Satisfactory 6 (6.82%) 64 (72.73%) 34 (38.64%)
Unsatisfactory 67 (76.14%) 20 (22.73%) 8(9.09%)
Failure 15 (17.05%) 4 (4.55%) 4 (4.55%)
Table 3: Postoperative Complications Observed
Complication Patients (n) Percentage (%)
Surgical Site Infection 12 13.60%
Avascular Necrosis 5 5.70%
Screw Back Out 2.30%
Stiffness of Shoulder 6 6.80%
95 Improvement in Mean NEER Scores Over Time 260 Proportion of Patients with Good Radiological Outcomes
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DISCUSSION

The management of proximal humerus fractures has undergone significant evolution over the years, transitioning from conservative
methods and K-wire fixation to more advanced techniques such as open reduction and internal fixation with locking plates and prosthetic
replacements. Among these, the PHILOS plate has emerged as a widely adopted fixation method due to its ability to provide angular
stability, promote primary fracture healing, and allow for early mobilization, which are critical factors in achieving functional recovery
(15-17). In the present study, the majority of patients were relatively young adults, with a mean age in the late 30s, and road traffic
accidents were identified as the leading cause of injury. This finding differs from several studies conducted in Western populations,
where proximal humerus fractures are more common in elderly patients with osteoporosis. The predominance of young males and high-
energy trauma in this series highlights the burden of motor vehicle accidents in developing countries and its impact on fracture
epidemiology. The right shoulder was more frequently involved, and one- and two-part fractures were the most prevalent patterns, which
is consistent with reports in similar regional studies (16). Functional outcomes demonstrated steady improvement over time, with 86.36%
of patients achieving excellent or satisfactory results at nine months of follow-up. These findings are in line with earlier clinical
investigations that reported favorable outcomes with PHILOS fixation, where most patients regained satisfactory shoulder function and
independence within the first postoperative year (17,18). Radiological outcomes mirrored the functional improvements, with more than
85% of patients achieving good fracture healing by the ninth month, indicating effective restoration of anatomic alignment and stability.

Despite these encouraging results, complications were not negligible. Surgical site infection was observed in approximately 13.6% of
patients, a rate that is higher than reported in many international series. Other complications such as avascular necrosis (5.7%), screw
back-out (2.3%), and postoperative stiffness (6.8%) were documented, which are comparable to previously published complication rates.
Literature reviews and multicenter analyses have described screw penetration or cut-out rates ranging from 7% to 13% and avascular
necrosis rates that vary widely, from as low as 0% to as high as 68% depending on fracture complexity and surgical technique (19-21).
These findings emphasize the inherent risks associated with surgical fixation of proximal humerus fractures, particularly in cases
involving medial hinge disruption or dorsomedial comminution (20,22). A notable strength of this study was its prospective design and
standardized surgical technique, performed by experienced surgeons, which contributed to consistency in operative management.
Additionally, structured follow-up at three, six, and nine months allowed for the assessment of both short- and mid-term functional and
radiological outcomes. The findings provide further evidence supporting the use of PHILOS plates as a reliable fixation method for
displaced proximal humerus fractures.

However, certain limitations must be acknowledged. The relatively small sample size of 88 patients and the single-center setting limit
the generalizability of the results. The follow-up duration of nine months, while adequate for initial healing and functional assessment,
does not fully capture long-term outcomes such as late-onset avascular necrosis or implant-related complications, which may develop
years after surgery. Furthermore, subgroup analyses according to fracture type, mechanism of injury, or patient comorbidities were not
performed, which could have provided additional insights into predictors of functional success or failure. The absence of a comparative
group managed with alternative fixation methods or conservative treatment also restricts the ability to evaluate the relative advantages
of PHILOS fixation. Overall, the results reaffirm the effectiveness of PHILOS plates in restoring function and achieving reliable fracture
healing in proximal humerus fractures, particularly in younger patients with high-energy injuries. Nevertheless, the occurrence of
complications underscores the need for meticulous surgical technique, vigilant postoperative monitoring, and structured rehabilitation
protocols. Future research should focus on long-term multicenter studies with larger cohorts, stratified analyses by fracture type and
patient profile, and direct comparisons with other fixation techniques or prosthetic replacements. Such studies would provide a more
comprehensive understanding of the durability, safety, and overall clinical value of PHILOS fixation in different patient populations.

CONCLUSION

The findings of this study demonstrate that the PHILOS plate is an effective option for the surgical management of proximal humerus
fractures, providing reliable stability, encouraging fracture healing, and supporting the restoration of functional outcomes. While its use
offers significant benefits in terms of mobility and independence, the potential for complications highlights the importance of careful
surgical execution, comprehensive postoperative care, and individualized treatment planning. Overall, the PHILOS plate represents a
valuable tool in modern orthopedic practice, with the capacity to improve quality of life and functional recovery when applied with
precision and patient-centered consideration.
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