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Anterior Minimally Invasive Plate Osteosynthesis Versus Open
Reduction Plate Osteosynthesis in Humeral Diaphyseal Fractures: A
Functional and Clinical Analysis

Anshul Raj, Ajit Singh1 , Sanjay Yadav', Ashish Ranjan', Mainak Roy’, Adity Prakash’

Learning Point of the Article:
Anterior less invasive plating using indirect reduction and careful avoidance of fracture site distraction accelerates bone healing, decreases
radial nerve injury when performed with judicious technique and early functional recovery while minimizing radial nerve risk in OTA/AO
12A-12B subset of fractures.

Introduction: The scope of this research was to examine the radiographic healing and functional results in OTA/AO type 12A and 12B humeral
diaphyseal fractures (HDFs) treated surgically either by anterior minimally invasive plate osteosynthesis (MIPO) or by open reduction plate
osteosynthesis (ORPO) along the posterior cortex of the humerus.

Materials and Methods: In this prospective cohort observational analysis, experienced orthopedic surgeons performed two different surgeries
in two non-randomly allocated groups of 30 patients each. Outcomes measured radiographic healing, defined as cortical bridging on orthogonal
radiographs, and shoulder and elbow functional scores at multiple intervals over 1 year using the University of California at Los Angeles
(UCLA), the mayo elbow performance index (MEPI), and the disabilities of the arm, shoulder and hand (DASH) scores comparing the
outcomes between both interventions using different statistical methods.

Results: The study found insignificant variations in the age, sex, or AO/ OTA fracture types between the groups. MIPO group had a significantly
shorter time to healing (13.1 + 3.1 weeks vs. 18.1 + 4.7 weeks; P = 0.03), a better functional result of the shoulder and elbow (UCLA: 34.2 2.7
vs.32.8 +3.1; P = 0.05; MEPI: 90.3 + 10.8 vs 88.7 + 9.8; P = 0.04), and a lower DASH score (15.8 + 3.1 vs. 17.9 + 5.8; P = 0.03) than ORPO.
Complicationsincluded two non-unionsin ORPO and one in MIPO; radial nerve palsy occurred in four cases treated with ORPO.

Conclusion: Anterior MIPO is a biologically favorable and skill-dependent approach for managing HDFs. While not simply a replacement for
ORPO, it affords earlier radiographic union, reduced surgical morbidity, enhanced recovery of shoulder and elbow function, fewer secondary
interventions, and allows safe avoidance of the radial and musculocutaneous nerves.

Keywords: Minimally invasive plate osteosynthesis, open reduction plate osteosynthesis, locking compression plate, Mayo elbow performance
index, OTA/AO.

Introduction alternative to open reduction plate osteosynthesis (ORPO) for
comminuted fractures [1, 2, 3], but its clinical indication for
simple diaphyseal fractures (AO/OTA 12-A and 12-B) is still
under investigation [4]. MIPO allows safe plate placement along

The incidence of humeral diaphyseal fractures (HDFs) varies
from 1% to 4% of all fractures [ 1,2,3,4]. Minimally invasive plate
osteosynthesis (MIPO) has gained popularity as a practical
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Figure 1: The distribution of OTA/AOQ Fracture Typesand modes of injury.
(A)Vertical bar chart displays the Classification of AO-OTA fractures
distribution.
the anterior, anterolateral, and medial surfaces of the humerus
as it preserves the fracture hematoma and allows for biologic
healing of the fracture, whereas ORPO happens through an
anterolateral or posterior exposure. Radial nerve (RN) injury is
a complication associated with ORPO, especially when the
anterolateral dissection occurs more distally over the mid-distal
shaft and in the spiral groove region on the posterior surface [4,
5]. Hence, an important clinical question arises: How safe and
efficacious is MIPO for the treatment of transverse, oblique,
spiral, and wedge-type HDFs in comparison to traditional open
reduction techniques?[1,2,3,4,5].
Recent randomized controlled trials and meta-analyses have
assessed the best fixation strategies for HDFs and have thus
assisted in evidence-based decision-making and optimization
of treatment outcomes [5, 6, 7]. While fracture union is well
documented for both interventions, functional restoration is
correspondingly crucial as it has a significant impact on the
quality of life [6,7,8,9]. By comparing these two treatment
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Flgure 2: Osseous union in Group A (MIPO)

Figure 1: (B) Pie Chartindicates the distribution of the modes of injury.

modalities, this study sought to critically appraise the outcomes
of MIPO and ORPO on fracture union time and scoring
according to standardized scoring systems such as the
University of California, Los Angeles (UCLA) score; Mayo
Elbow Performance Index (MEPI); and disabilities of the arm,
shoulder, and hand (DASH) scores. These indices integrate
patient-reported outcomes with clinically derived
measurements[1,2,3,4,6,8,9].

Materials and Methods

The Department of Orthopedics conducted this study from
March 2022 to March 2024. The Institutional Review Board
approval was granted for this research (approval no. -
Dean/2023/EC/6104), and written consent from all the
participants was taken before the intervention.

Studypopulation

(A)Intraoperative fluoroscopic orthogonal images demonstrating acceptable Figure 2: (B) The fracture was observed to have healed at 11 weeks post-
length and alignment of the fracture, with a narrow locking compression plate surgery (indicated by the label early callus'), with the 4 cortices touching on

spanning the anterior cortex of the right humerus.

both AP andlateralimages. The orientationisindicated by 'R’ (right).
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closed HDFs (AO/OTA 12A and B) <3 weeks old.
The exclusion criteria were adults with open
HDFs, closed HDFs (AO/OTA 12C), fractures >3
weeks of age, pathological fractures, prior humeral
surgery, fracture extension to the metaphysis, and
RN injury to maintain uniformity [1,6].

Treatment modalities

Surgical techniques

MIPO (GroupA)

Preoperatively, the operating surgeon
predetermined the length of the narrow locking

compression plate (LCP) fluoroscopically. Usinga
pair of incisions, one proximal in the deltopectoral

Figure 3: Osseous healing in the ORPO Group: An AP and1atera1rad10graph1c1mages ofdirect jnterval and one distal incision 1 inch above the

fixation (via a dynamic compression plate) along the posterior cortex of the right humerus,

withoutany discernible fractureline, at 14 weeks post-surgery.

This analysis included 60 patients with HDFs at a single tertiary
care academic hospital between 2022 and 2024, non-randomly
allocated to either Group A (MIPO, n = 30) or Group B
(ORPO,n=30)[1,4,6].

Study design

This single-center, prospective, non-randomized, comparative,
observational analysis aimed to evaluate the radiographic
healing and functional results of anterior MIPO versus ORPO
along the posterior cortex of the humerus.

Participants

The eligible subjects comprised adults aged 18-65 years with
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Figure 4: Association between union time and functionalscores.

(A)Correlation matrix identifies relationships among different variables of
functional scores: Positive correlations are indicative of higher functional
scores, and negative correlations represent lower functional scores for better

recovery.

olecranon fossa of approximately 3 cm each, along
periosteal elevator creates a submuscular,
extraperiosteal tunnel, allowing the plate to be positioned on
the humerus [1, S]. Using indirect reduction under
fluoroscopic guidance, special attention was paid to ensure that
proper length, alignment, and no distraction at the fracture site
were visible. The musculocutaneous nerves were carefully
protected with medially retracting biceps brachii to expose the
brachialis [9], and a couple of screws were placed on each end
through the LCP and anterior cortex of the bone. Hence, the
RN did not enter the path and was unnecessary to expose during
the surgery[9,10,11].

ORPO (GroupB)
With the arm aligned over the side post and the elbow

5 Regression Analysis
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Figure 4: (B) Regression coefficients between multiple predictors (Union
Time, UCLA, MEP], and DASH scores) revealed thathigher UCLA and MEPI
scores and lower union time and lower DASH scores are positive determinants
ofrecovery.

Journal of Orthopaedic Case Reports | Volume 16 | Issue 2 | February 2026 | Page 316-322




RajA, etal

www.jocr.co.in

Figure 5: Nonunion requiring secondary surgical interventions.

Figure S: (B) AP and lateral radiographic views after using a 9-hole DCP in the

(A) Anteroposterior and Lateral radiographic images of the right humerus righthumerusalso demonstrated no signs of osseous healing, and a gap was still
taken 6 months after 10-Hole LCP Fixation exhibiting biomechanical failure, evidentatsixmonths.
marked by evident distraction, inadequate bridging of the fracture and lack of 9-hole DCP in the right humerus also demonstrated no signs of osseous

callus formation (R=right).

supported, the surgeon utilised a dorsal triceps-splitting
approach and carefully identified the radial nerve(RN) near the
aponeurosis of the lateral and medial heads of the triceps by
locating and tracing the lower lateral cutaneous nerve, first
identified on the lateral humeral cortex. RN, crossing medially
to laterally, is dissected and retracted to allow for direct
visualisation of the fracture. Localised periosteal stripping at the
opposing cortical edges, followed by direct stabilisation of bony
fragments and osteosynthesis usinga DCP, with supplementary
lag screws anchorage for oblique or wedge-type fragments
where appropriate. While sliding the dynamic compression
plate (DCP) over the dorsal shaft, the scrub team ensures that
neurovascular structures are cautiously protected during
drilling through the bone [ 1,4,5,7,8,10].

healing, and a gap wasstill evident at sixmonths.

radiologist assessed the fracture union radiographically by using
predefined criteria (cortical bridging and callus formation) and
upper limb functional outcome using UCLA, MEPI, and
DASH scores, respectively, reviewed at 6-week post-treatment,
followed by assessments at 3 months, 6 months, and 1 year [ 1,2,
10,12,13,14,15].

Sources

The UCLA and MEPI are publicly available [12, 13].
Permission for academic and non-commercial use of the DASH

was granted by the copyrightholder [15].

Table 1: Participants’ demographics
Rehabilitation protocol Age group Gender Group A Group B P-value
Post-operative rehabilitation protocols (Years) (MIPO) (%) (ORPO) (%)
varied between groups. The MIPO group 18-30 Male 6 (10.0) 8 (13.3) 1
initiated passive overhead movements Female 0 (0.0) 3(5.0) 0.637
and range of motion (ROM) exercises Male 11 (18.3) 7 (11.7) 0.737
within 48 h of surgery (post-operative 30-45 Female 4 (6.7) 4 (6.7) 1
pain score of 4-6 on the Visual Analog Male 4(6.7) 3 (5.0) 1
Scale [VAS]), while ORPO commenced 45-60 Female 5 (8.3) 4(6.7) 1
similar exercises after 1 week. Weight Male 0 (0.0) 1(1.7) 1
training exercises began after post- 60-65 Female 0 (0.0) 0 (0.0) NA
radiologic confirmation of fracture MeantS D 3941232 36.42+12.61
consolidation[1,2,9]. Tobacco

intake (%) 7 (11.7) 8 (13.3)

Follow-up and outcome measures MIPO: Minimallyinvasive plate osteosynthesis, ORPO: Open
The orthopedic surgeons and a reduction plate osteosynthesis, SD: Standard deviation
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periods

Outcome
measure

Group 6 Weeks

3 Months

Table 2: Functionaloutcomes (UCLA, MEPI, DASH) at different follow-up

6 Months 12 Months P-value

Radiological outcomes

The mean time taken for union was 13.3 £
3.1 weeks (95% confidence interval [CI]:
10.9-20) in Group A and 18.1 + 4.7 weeks
in Group B (95% CI: 12.1-24), which

UCLA A 25.242.6 | 28.6£2.2 |30.1143.7| 34.242.7 0.05
score B 24822 | 277419 12922129] 328431 show§ a significant statistical variation (P=
0.03, independent t-test). Both approaches
MEPI A 70.3£7.7 | 80.42+£8.09 | 85.66+8.1 |90.33£10.8| 0.04 helped in healing the bone, with Group A
score B 68.6£7.1 | 78.8£7.2 | 83.7£7.9 | 88.7£9.8 having a quicker union (Figs. 2A, 2B and 3)
DASH | A | 457+10 | 35247.7 | 25.9+6.1 | 15.843.11 | 0.03 | [1,2,4,7,15].
score B 47.11£12 | 37.7£9 27+6.8 17.945.8

UCLA: University of California at Los Angeles, MEPI: Mayo elbow
performance index, DASH: Disabilities of the arm, shoulder, and hand

Functional outcomes

The UCLA scores were higher for Group A

Statistical method and studyvariables

Data were collected at each follow-up visit and entered into a
secure database. Statistical evaluation was done with IBM
Statistical Package for the Social Sciences Software (version
26.0) for intergroup comparisons. Unpaired t-tests were used to
compare continuous variables between groups, while
categorical variables were analyzed using the chi-square test.
Comparison of changes at the follow-up within each group was
assessed by repeated-measures analysis of variance (RM-
ANOVA) and linear mixed-effects models. Correlation analysis
between union time and functional outcomes was achieved
using Spearman’s rank correlation coefficient and multiple
linear regression while adjusting for confounding factors.

Results

Participants’ mean age (years) in the MIPO group was 39 +
12.32 compared with 36.42 + 12.61 in the ORPO group. The
distribution of both groups showed a predominance of the male
gender with 40 males and 20 females in both groups. Both
groups showed a nearly equal prevalence of tobacco use (Table
1).

Distribution of the OTA/AO classifications was comparable
between the groups, with insignificant statistical variation. The
common type of fracture was 12A3 in 22 patients (36.7%) and
12A2in 18 patients (30.0%). The remaining comprised 12B1 in
7 patients (11.7%), 12A1 in S patients (8.3%), and 12B2 and
12B3in 4 patients (6.7%).

Most of the injuries sustained in road traffic accidents (36
patients, 60.0%), followed by falls (17 patients, 28.3%), and
sports/direct impact injuries (7 patients, 11.7%), were
identified as the mechanisms of injury. AO/OTA fracture
patterns are displayed in a bar chart, and the modes of injury are
depictedina pie chart (Fig. 1A and 1B).

in all aspects: Patient satisfaction, pain,
ROM, and strength. Mean scores were 34.2
+2.7 for Group A and 32.8 + 3.1 for Group B (P =0.05) [9, 12].
The total MEPI score was significantly higher in Group A
(90.33 + 10.8) than in Group B (88.7 + 9.8) (P = 0.04) for
elbow function over the specified periods, highlighting a
positive recovery trend [9,10,13]. Finally, DASH scores
significantly decreased over time in both groups (P = 0.03)
(15.8 + 3.11) in comparison with Group B (17.9 * 5.8),
indicating better upper limb function and less disability post-
treatment (Table2) [1,2,3,6,7,8,9, 10, 14]. A correlation matrix
illustrated the interrelationships among functional scores and
time to union, while regression analysis assessed their
independent association with clinical recovery (Figs. 4A and
4B).

Complications

The overall complication rate was 15% (nine patients), and 5%
(three patients) required secondary surgery. Nonunion
occurred in one patient (AO/OTA 12 A3) in the MIPO group
and two patients (AO/OTA 12A3 and 12B3) in the ORPO
group who underwent secondary surgical intervention (Figs.
SA and 5B). Other complications in the post-operative period
included distraction in 3.33% (2 patients in Group A) and RN
palsy in 6.67% (4 patients in Group B). Hematoma, infection,
delayed union, malalignment, irritation due to implants, or
screw pullout did not occur.

Discussion

Available evidence suggests that the use of MIPO and ORPO is
an effective surgical treatment for HDFs and seems to be
superior to intramedullary nailing and functional bracing in
terms of functional results and union rate [ 1,2, 3,4, 6,7]. These
results concur with those of previous studies on less invasive
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fixation of HDFs [3,6,7]. This anterior MIPO approach has
biological and soft-tissue advantages over ORPO by limiting
surgical exposure and thus preserving periosteal perfusion and
the native fracture hematoma while avoiding devitalization of
fracture fragments [1,5,10]. Along periosteal elevator facilitates
the surgeon to accommodate plate passage in the submuscular,
extra-periosteal tunnel, and mobilize any interposed soft tissues
[1,2,11]. Even so, the RN remains particularly vulnerable,
especially because the screws are oriented anteriorly to
posteriorly in the region of the deltoid insertion and mid-
diaphysis of the humerus. The incorporation of longer anterior
plates in this series diminishes the likelihood of RN injury and
enhances the stability of this construct, while two proximal and
two distal bicortical screws enhance stability under physiologic
loading conditions with a more uniform stress distribution
[1,9,10]. Distally, medial displacement of the biceps brachii
provides a safe interval that minimizes the risk of
musculocutaneous nerve injury [9,11]. MIPO maximizes
intraoperative radiation exposure due to manual maintenance
of reduction and alignment without distraction using
fluoroscopy [1,2,4,5,9]. Intraoperative distraction in these
cases necessitates immediate screw revision. The added
perioperative benefits of MIPO include less intraoperative
blood loss, shorter hospital stay, and favorable cosmetic results
[2,3,4,5,6,10].

ORPO has the advantage of direct visualization, accurate and
stable reduction, and less fluoroscopic exposure and is more
familiar and widely accepted. The flat, broad posterior surface
of the humerus is an advantage in mid-distal HDFs due to ease
in contouring plates and screw purchase is uniform for the
length of the shaft and favorable for compression plating,
whereas plate positioning and fixation are more problematic on
a rounded, convex anterolateral surface [4,5,8]. Furthermore,
exposure of the RN during deep dissection of the mid-distal
diaphysis increases the risk of injury owing to limited nerve
mobility.

One patient in Group A had a distraction requiring autologous
bone marrow injection, which achieved union [2,8]. Revision
surgery for non-union in one patient from Group A and two
from Group B involved implant removal and revision plating on
the posterior surface using autologous iliac crest grafting [10].

Four cases of RN palsy in the ORPO: Two recovered partially,
while the remaining two regained their nerve function in 8
months[$,6,8].

Rehabilitation began when post-operative pain was sufficiently
reduced, as reflected by the VAS scores, to allow early ROM in
both groups [9]. One of the strengths of this study is the use of
standardized functional assessment tools such as the UCLA,
MEPI, and DASH scores, which are useful in clinical settings
[12,13,14,15].

Limitations

The limitations of this study are that it is a single-center, non-
randomized study with a short duration of follow-up and non-
probability sampling, which may constrain generalizability and
raise potential selection and performance biases.

Implications for practice and future directions

Larger multicenter randomized controlled trials with longer
follow-up to conclude the findings and evaluate patient-
reported long-term therapeutic effects of MIPO in AO/OTA
12Aand 12BHDFs.

Conclusion

MIPO, especially through an anterior approach, results in better
shoulder and elbow functions than direct plate osteosynthesis
along the posterior cortex of the humerus. Radiographic
healing was faster with MIPO. Operation demands special
technical skills to overcome distractions during surgery.
Injecting bone marrow enhances the healing process in
distraction. Anterior MIPO carries a lower risk to the radial and
musculocutaneous nerves for all HDFs to be treated without
compromise.

Clinical Message

MIPO provides faster radiographic union and better early functional
recovery in OTA/AO 12A and 12B humeral shaft fractures than
open posterior plating. Moreover, it reduces the risk of injury to the
RN by respecting soft-tissue biology and preserving the fracture
hematoma. The union occurs with both approaches, but MIPO has
better patient-reported functional (PROM) recoveryat 1 year.
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