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Outcomes of Proximal Humeral Fracture Fixation Using Minimally
Invasive Plate Osteosynthesis: A Prospective Clinical and Radiographic
Study

Atin Bindal', Gautam Chatterji', Udit Agrawal’, Lokesh A Veerappa’, Ashwitha Crasta’

Learning Point of the Article:
Minimally Invasive Plate Osteosynthesis (MIPO) is a reliable and effective technique for treating proximal humeral fractures, providing
high rates of fracture union and excellent functional outcomes when combined with timely intervention and structured rehabilitation.

Introduction: Proximal humeral fractures are increasingly common due to both high-energy trauma in younger individuals and low-energy falls
in the elderly. Surgical management is indicated for displaced and unstable fractures, with locking plates widely used. However, conventional
open reduction techniques may compromise soft tissues and vascular supply. Minimally invasive plate osteosynthesis (MIPO) offers an
alternative that preserves soft-tissue integrity while enabling stable fixation.

Objective: This studyaimed to evaluate the clinical and radiological outcomes of proximal humeral fractures treated with MIPO.

Materials and Methods: This prospective study was conducted at Manipal Hospitals, Bengaluru, between August 2021 and May 2023. A total of
45 skeletally mature patients with proximal humerus fractures (classified according to Neer’s system) underwent MIPO. Patients were followed
up for 6 months, and outcomes were assessed using the Constant—Murley score and radiographic parameters, including union time, head-shaft
angle, and complications. Statistical analysis was performed using Statistical Package for the Social Sciences (SPSS) version 25, with statistical
significance setatP <0.0S.

Results: Among the 45 patients, 53% were male and 47% female, with a mean age of 54.38 years. The most common fracture type was Neer’s 3-
part (64%). The average surgery duration was 40.5 min, and the mean blood loss was 114 mL. Fracture union was achieved in 96% of cases by 12
weeks, and the average Constant—Murley score was 77.2 + 12.9. Functional outcomes were excellent or good in 78% of patients. Statistically
significant associations were observed between outcomes and patient age (P = 0.00008) and comorbidities (P = 0.0002). The complication rate
was 11%, including stiffness (7%), non-union (2%), and varus collapse (2%).

Discussion: The findings indicate that MIPO is an effective and reliable technique for treating proximal humeral fractures, offering favorable
functional recovery and high union rates with minimal complications. Better outcomes were associated with younger age, fewer comorbidities,
and timely surgical intervention. Compared to open techniques, MIPO reduced operative trauma and preserved the vascularity of fracture
fragments.

Conclusion: MIPO provides promising clinical and radiographic outcomes in proximal humeral fractures, with a high rate of union and
satisfactory functional recovery. It represents a safe and effective surgical option in appropriately selected patients, especially when combined

with early rehabilitation and patient-specific care strategies.
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Introduction

The incidence of proximal humerus fractures is on the rise due
to two main factors that reflect the bimodal distribution of these
injuries [ 1]. First, the aging population is leading to an increase
in low-energy injuries, especially among women over the age of
60 years who suffer from osteopenia [2]. Second, higher
participationin sports and decreased mortality rates from traffic
accidents are contributing to an increased occurrence of high-
energy fractures that require medical treatment [3].

Due to the diverse range of anatomical and clinical
circumstances, treatment options for proximal humeral
fractures can vary greatly. Surgical intervention is generally
advised for fractures that are displaced and/or unstable, aiming
to restore proper anatomy and facilitate early rehabilitation of
the shoulder [4]. Various procedures are available for fixing the
fracture, with plating being the most frequently used method of
osteosynthesis. The advent of locking plates has significantly
enhanced clinical outcomes and broadened the indications for
internal fixation [S]. Nevertheless, the rates of failure and
complications still remain significant [ 3, 6].

The deltopectoral approach for open reduction and internal

fixation often necessitates significant soft tissue dissection and
strong retraction of the deltoid muscle, particularly to achieve
proper access to the greater tuberosity [4]. To mitigate these
issues, aminimally invasive deltoid-splitting technique has been
implemented for the plating of proximal humeral fractures.

This minimally invasive plate osteosynthesis (MIPO) method
enhances visibility of the greater tuberosity while maintaining
the integrity of the surrounding vascular structures and soft
tissues, which ultimately supports improved bone healing
conditions [7]. However, it does pose a higher risk of axillary
nerve injury compared to the conventional deltopectoral
approach [3].

Therefore, this study aims to evaluate the clinical and
radiographic outcomes following MIPO plating for acute
proximal humeral fractures.

Materials and Methodology
This prospective study was conducted at the Manipal Hospitals,
Bengaluru, from August 2021 to May 2023, following ethical
approval from the Ethics Committee (MHB/01/220950/54).
A total of 45 patients who met the established inclusion and

Figure 1: (A) Patient position - beach chair, (B) Fluoroscopy confirmation, (C) Temporary k wire fixation, (D) Proximal incision, (E) Sub-muscular tunnel

using blunt dissection, (F) Plate insertion, (G) Plate position under fluoroscopy, (H) Proximal locking screw fixation, (I) Distal incision marking, (J) After

bothincision, (K) Final fluoroscopy image anteroposterior view, (L) Final fluoroscopy image lateral view.
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Table 1: Patient demographic details as per Neer’s classification

Table 2: Patient operative, radiographic ,and functional

ia rameters

Time to surgery (days)

exclusion criteria were enrolled in the study. The inclusion
criteria consisted of patients aged over 18 years who presented
within 3 weeks of sustaining an injury. The exclusion criteria
encompassed patients with pathological fractures, open
fractures, polytrauma, or neurovascular deficits.

All fractures were classified according to Neer’s classification,
and each patient underwent fracture fixation utilizing the
MIPO technique, following informed consent and
comprehensive preoperative evaluations. Intraoperative
fluoroscopy was employed for both reduction and implant
placement.

Postoperatively, the limb was immobilized in an arm pouch, and
mobilization commenced within the 1st week through
pendulum exercises, based on the patient’s tolerance. Patients
were discharged with an arm pouch and were instructed to
continue pendulum exercises as well as shoulder muscle-
strengthening activities. Active range of motion of the shoulder
was initiated between 2 and 4 weeks postoperatively, contingent
on the stability of the osteosynthesis. Movements of the elbow
and hand were encouraged from the 1st day post-surgery. By the
4—-6th week, immobilization was terminated, and active assisted
movements were permitted up to 90° of abduction, avoiding
forced external rotation. Full-range motion exercises began
between the 6th and 8th weeks postoperatively.

Clinical outcomes were evaluated at the final follow-up visit at 6
months by utilizing the Constant-Murley Score [8]. Shoulder
stiffness was defined as a limitation in both active and passive
motion in at least two directions, specifically forward flexion
<120° or a 50% restriction of contralateral external rotation and
internal rotation.

Radiographic evaluations were conducted routinely at 2 weeks,
6 weeks, 12 weeks, and 24 weeks. These assessments aimed to

Age (years)
<5 days 31
18-35 (n=10) 0 8 2 0.008
>5 days 14
36-60 (n=15) 4 5 6
Average duration of surgery 40.5
>60 (n=20) 4 16 0 (incision to closure) (Min)
Gender 027 Average blood loss (mL) 114 (75-150)
Male (n=24) 5 15 6 Mean duration of hospital stay 3.8
(days)
Female (n=21) 3 16 2 Time to union (weeks)
Comorbidities 0.31 8 weeks 7
Present (n=21) 2 14 5 12 weeks 37
Absent (n=24) 6 15 3 Non union 1
Duration of the surgery (min) 0.008 Head shaft angle (degrees)
<40 (n=25) 8 15 2 <120 1
>40 (n=20) 0 14 6 120-130 23
130-140 21

evaluate

Complications (n=5)
fracture

] Varus collapse 1
healing, ,

. Non-union 1

alignment, Stiffness 3

and potential

Constant-Murley score 77.2¢12.9

(mean)

complication

s, including

implant

failure or malunion. Non-union was defined as the lack of
progression in radiographic healing during the 3-month
evaluation period. The neck-shaft angle was measured on
anteroposterior radiographs at 20° of external rotation
immediately after the operation and again at the final follow-up
to ascertain the precise value. Varus collapse was identified as a
reduction in the neck-shaft angle to <120° on follow-up
radiographs. Malreduction was characterized by a neck-shaft
angle of <120° on immediate postoperative radiographs.
Operating time was defined as the interval from the initial skin
incision to closure.

The outcomes of this study were meticulously documented and
analyzed using SPSS version 25.0 (SPSS Inc., Chicago, IL,
USA). Descriptive evaluations were conducted based on means
and standard errors, as well as percentages. Age, time interval to
operation, operation duration, and Constant—Murley Score
were expressed as median and range due to their rank-sum scale.
The Kruskal-Wallis test was applied to compare non-normally
distributed data among groups. The Mann-Whitney U test was
used for parametric data, and Fisher’s exact test was employed
for nonparametric pair comparisons to ascertain significant
differences. AP < 0.05 was deemed statistically significant.

Surgical technique
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chronic renal disease, chronic obstructive

Table 3: Patient demographic details as per constant Murley score

pulmonary disease, chronic liver disease, and
Parkinson’s disease (Table 1).

Age (years) 0.00008 The association between comorbidities and
18-35 (n=10) 0 0 0 10 (22.2%) Neer’s classification was observed; however, it did
36-60 (n=15) 1(2.2%) 1(2.2%) 9 (20.0%) 4(8.8%) not reach statistical significance (P = 0.31).
60 (n=20 2 (4.4% 6 (13.3% 12 (26.6% 0 . .
760 (n=20) 4.4%) Gen(der ) ( ) 532 Conversely, the relationship between age and type
Viale (7=24) 1G.2%) 7 (15.5%) 5 (177%) 8 (17.8%) of fracture was found to be significant (P = 0.008),
Female (n=21) 2 (4.4%) 0 13(28.8%) | 6(13.3%) while the correlation between gender and fracture
Comorbidities 0.0002 type was not statistically significant (P = 0.27)
Present (n=21) 3 (6.6%) 5 (11%) 13 (28.8%) 0 (Table1).
Absent (n=24) 0 2 (4.4%) 8 (17.8%) 14 (31%)
Type of fracture 038 Furthermore, the duration of surgery was
2 part (n=8) 0 0 6 (13.3%) 2 (4.4%) markedly influenced by patient-related factors
3 part (n=29) 2 (4.4%) 7(155%) | 10(22.2%) | 10(22.2%) such as comorbidities and fracture type. There was
4 part (n=8) 1(2.2%) ° 5 (12%) 2 (4.4%) a significant correlation identified between the
Pre-op duration 0.4 .
duration of surgery and the presence of
<5 days (n=31) 1(2.2%) 4 (8.8%) 15(33.3%) | 11 (24.4%) o
55 days (no14) 7 (4.4%) 3(6.6%) 6 (13.3%) 3(6.6%) comorbidities (P = 0.005), as well as between the

The patient was positioned in a beach chair at a 30° incline (Fig.
1A), and the surgical site was prepared under sterile protocols.
Fractures were initially reduced using closed techniques and
temporarily stabilized with K-wires before employing a
minimally invasive approach for definitive fixation.
Longitudinal traction was applied to the humeral shaft with the
elbow flexed at 90° to correct displacements and angulations.
The shoulder was adjusted internally and externally until the
proximal and distal fragments aligned (Fig. 1B), maintained
with a Kirschner wire. The greater tuberosity was reduced using
a K-wire as a joystick (Fig. 1C), while significantly fewer
tuberosity fragments were secured with a separate
interfragmentary screw. Fixation was then performed using a
locking plate and screws viathe MIPPO technique (Fig. 1D-L).

Results

This study encompassesa total of 45 consecutive cases of MIPO
conducted over 18 months. Among the participants, 24 patients
(53%) were male, and 21 patients (47%) were female, yielding a
male-to-female ratio of 1.1:1. The patients were classified into
three age groups: 10 patients (22%) were aged 18-35 years, 15
patients (33%) were aged 36-60 years, and 20 patients (45%)
were over 60 years (Table 1).

Following Neer’s classification, the fractures were categorized
asfollows: 8 patients (18%) presented with a 2-part fracture, 29
patients (64%) with a 3-part fracture, and 8 patients (18%) with
a4-part fracture, with the 3-part fracture representing the most
prevalent type. Notably, 24 patients (53%) reported no
comorbidities, whereas the remaining 21 patients (47%)
exhibited single or multiple comorbidities, including diabetes,
hypertension, ischemic heart disease, congestive heart failure,

duration of surgery and the type of fracture (P =
0.008) (Table1).

The average blood loss observed in this study was quantified at
114 mL, as determined through mop soakage measurements.
Among the 45 patients evaluated, 19 patients (42%)
experienced blood loss within the range of 75-100 mL, while
the remaining 26 patients (58%) exhibited blood loss between
125 and 150 mL. All patients underwent hospitalization for 3-7
days following the surgical procedure, after which they were
discharged. Notably, 36 patients (80%) were hospitalized for
3-4 days, whereas 9 patients (20%) remained in the hospital for
5-7 days. The mean duration of hospitalization was calculated
tobe 3.8 days (Table2).

In terms of bone union, 7 patients (15.8%) achieved this
outcome within 8 weeks, whereas 37 patients (82%) attained
union at 12 weeks. Only 1 patient (2.2%) presented with non-
union. The head-shaft angle varied between 120 and 140°: 23
patients (51%) had an angle ranging from 120 to 130°, 21
patients (47%) had an angle between 130 and 140° and 1
patient (2.2%) had an angle of <120° (Table 2).

With respect to complications, S patients (11%) experienced
adverse outcomes: 1 patient exhibited varus collapse (2%), 1
patient experienced non-union (2%), and 3 patients (7%)
reported stiffness (Table 2).

A functional assessment was conducted utilizing the
Constant—Murley score, with the outcomes classified as poor,
fair, good, or excellent. Among the 45 patients evaluated, 3
(6.6%) exhibited a poor outcome, 7 (15.5%) demonstrated a
fair outcome, 21 (46.6%) achieved a good outcome, and 14
(31%) attained an excellent outcome. The mean score recorded
was 77.2 = 12.9, indicating that the majority of patients
exhibited good outcomes (Table 3).
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Several factors were identified as being associated with the
functional outcomes. The age of the patients demonstrated an
inverse relationship with the outcomes, which was statistically
significant (P =0.00008). Conversely, the relationship between
outcome and gender was not found to be significant (P =0.34).
The presence of comorbidities was significantly correlated with
the outcomes (P = 0.0002). Although the type of fracture
influenced the outcomes, this association was not statistically
significant (P = 0.25). Furthermore, the duration between the
occurrence of trauma and subsequent surgical intervention
appeared to positively impact functional outcomes; however,
thisfinding did not reach statistical significance (P =0.4) (Table
3).

Discussion

This prospective study was conducted at a tertiary care hospital
and involved 45 patients diagnosed with proximal humerus
fractures, all of whom underwent MIPO. Proximal humerus
fractures are particularly prevalent among the elderly; in this
study, 45% of the participants were aged 60 years or older. The
mean age of the cohort was 54.38 + 18.35 years, which is
consistent with findings reported by Sohn and Shin [9] and
Goncetal.[10].

Among the study population, 53% were male, resulting in a
male-to-female ratio of 1.1:1, which corroborates with earlier
reports by Aggarwal et al. [11]. Participants included
individuals with 2-part, 3-part, and 4-part fractures according to
Neer’s classification, with 3-part fractures being the most
prevalent at 64% which is consistent with findings reported by
Alberio et al. [3] and Wang et al. [ 12]. A significant correlation
(P = 0.008) was observed between age and fracture type,
independent of gender and comorbidities.

The interval from injury to surgery was <$ days for 69% of the
patients, with a mean duration of 4 days. This timing aligns with
findings articulated by Wang et al. [12]. The mean surgical
duration was recorded at 40.5 min, consistent with durations
reported by Gao et al. [13], while the average intraoperative
blood loss was 114 mL, which is consistent with figures
reported by Wangetal. [12].

Functional outcomes were assessed utilizing the
Constant-Murley score, revealing that 78% of participants
achieved good-to-excellent outcomes. Conversely, 15%
attained fair outcomes, and 7% experienced poor outcomes.
Significant associations were identified with age (P =
0.000002), comorbidities (P =0.00027), and fracture type (P =
0.008). The mean Constant score was calculated at 77.2 + 12.9,
consistent with findings from Lin etal. [ 14],and Kim etal. [15].

Of the 45 cases analyzed, 43 patients achieved radiological

fracture union within 12-14 weeks, constituting 96%. One
patient experienced delayed union, while another case resulted
in non-union due to a complex four-part fracture. These
outcomes are in agreement with findings reported by Egol et al.
[16], indicating that most patients attain union within 12
weeks. Notably, early fracture union correlated with more
favorable functional outcomes.

In this study, 98% of patients (44 individuals) demonstrated a
head-shaft angle between 120 and 140° at the 6-month follow-
up. Varus collapse was observed in one elderly patient with a
three-part fracture, likely attributable to a preoperative head-
shaft angle of <130°. This finding is consistent with the work of
Gonc et al. [10], which correlated varus malunion with the use
of guide sleeves that may have contributed to screw
misalignment and compromised stability.

The mean head-shaft angle in this study was determined to be
130°, corroborating findings from Kim et al. [ 15]. Notably, 89%
of patients (40 out of 45) experienced no complications.
However, three patients developed shoulder stiffness, leading to
fair-to-poor outcomes, primarily due to insufficient compliance
with rehabilitation protocols. The incidence of complications
was 11%, which is lower than the rates reported by Wang et al.
[12]and Falezetal.[17].

Strengths and limitations

The primary strength of this study lies in its prospective design,
conducted at a tertiary care center with standardized surgical
techniques, thereby minimizing procedural variability. The use
of MIPO was systematically applied across all patients, and
outcomes were objectively assessed using validated clinical
(Constant-Murley Score) and radiological parameters. The
inclusion of fracture classification, comorbidity assessment,
and statistical correlation analysis provides a comprehensive
understanding of factors influencing outcomes. Moreover, the
study demonstrates a high rate of fracture union and low
complication incidence, highlighting the efficacy of MIPO in
the management of proximal humeral fractures.

This study has several limitations. The relatively small sample
size and single-center design restrict the generalizability of the
findings and may introduce institutional biases. The absence of
a control group precludes comparative analysis with other
treatment modalities such as open reduction, conservative
management, or intramedullary nailing. A short follow-up
duration of 6 months may not capture long-term complications
such as avascular necrosis, late implant failure, or post-traumatic
arthritis. The use of only standard radiographs, without
advanced imaging or biomechanical analysis, limits the depth of
postoperative assessment. Rehabilitation compliance was not
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formally quantified, potentially affecting functional outcomes.
Moreover, relying solely on the Constant—Murley score may
not fully reflect overall upper limb function or quality of life.
Finally, the lack of cost-effectiveness analysis limits conclusions
regarding the broader applicability of MIPO, especially in
resource-limited settings.

Conclusion

MIPO is a minimally invasive technique that offers excellent
clinical and radiographic outcomes in the treatment of
proximal humeral fractures. The procedure demonstrated high
union rates, low complication incidence, and favorable
functional recovery in the majority of patients. Patients who

were younger, had fewer comorbidities, and underwent early
surgical intervention achieved the best results. These findings
highlight the effectiveness and safety of MIPO as a primary
surgical option for appropriately selected proximal humeral
fractures. Optimal outcomes depend on precise surgical
technique, early mobilization, and adherence to rehabilitation
protocols.

Clinical Message

Minimally Invasive Plate Osteosynthesis enables stable fixation of
proximal humeral fractures while preserving soft tissue and vascular
integrity. Careful patient selection, meticulous surgical technique,
and early mobilization are essential to achieve optimal clinical and
radiographic outcomes.
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