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Abstract:  
Background: Diaphyseal long bone fractures pose significant challenges in orthopaedic trauma care. 
Submuscular plating, a minimally invasive technique, aims to preserve the biological environment while providing 
stable fixation. Despite increasing use, clinical and functional outcomes of this technique require comprehensive 
evaluation. 
Objective: To assess the functional outcome and complications associated with submuscular plating in patients 
with diaphyseal fractures of long bones. 
Methods: A prospective observational study was conducted at Department of Orthopaedics, Tertiary Care Centre, 
India, for two years. One hundred patients with diaphyseal fractures of long bones managed with submuscular 
plating were enrolled. Functional outcome was assessed using the Lower Extremity Functional Scale (LEFS) or 
Disabilities of the Arm, Shoulder and Hand (DASH) scores, based on fracture location, at baseline and at 1, 3, 
and 6 months follow-up. 
Results: Submuscular plating provided satisfactory functional outcomes with significant improvement in LEFS 
and DASH scores over time. Complications were minimal and manageable. Early mobilization was feasible 
without compromising fracture healing. 
Conclusion: Submuscular plating is an effective technique for diaphyseal long bone fractures, facilitating good 
functional recovery and minimizing soft tissue disruption. It is recommended as a preferred option in appropriate 
clinical scenarios. 
This is an Open Access article that uses a funding model which does not charge readers or their institutions for access and distributed under 
the terms of the Creative Commons Attribution License (http://creativecommons.org/licenses/by/4.0) and the Budapest Open Access Initiative 
(http://www.budapestopenaccessinitiative.org/read), which permit unrestricted use, distribution, and reproduction in any medium, provided 
original work is properly credited.

Introduction 

Diaphyseal fractures of long bones, including the 
femur, tibia, humerus, and radius/ulna, represent a 
common and significant subset of orthopaedic 
trauma cases worldwide. These fractures can result 
from high-energy trauma such as road traffic 
accidents or falls from height and often pose 
complex challenges related to fracture healing, soft 
tissue management, and restoration of limb function. 
Achieving optimal outcomes requires stable fixation 
while preserving the biology of the fracture 
environment to facilitate early mobilization and 
minimize complications [1,2]. 

Traditional open plating techniques, though 
providing rigid fixation, often involve extensive soft 
tissue dissection and periosteal stripping. Such 
invasiveness may compromise local blood supply, 
increase the risk of infection, and delay fracture 
healing. These limitations have led to the evolution 

of minimally invasive techniques, with submuscular 
plating emerging as a promising alternative [3]. 

Submuscular plating is a form of minimally invasive 
plate osteosynthesis (MIPO) in which the plate is 
inserted beneath the muscle sheath and fixed with 
screws through small incisions away from the 
fracture site. This technique preserves the periosteal 
blood supply, reduces soft tissue trauma, and 
maintains fracture hematoma, thereby promoting 
biological fracture healing. Additionally, 
submuscular plating enables stable fixation 
conducive to early weight-bearing and functional 
rehabilitation [4,5]. 

Although submuscular plating is gaining 
acceptance, especially for diaphyseal fractures, there 
is a need for comprehensive clinical studies 
evaluating its functional outcomes across different 
long bones and fracture patterns. Functional 
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recovery is a critical endpoint, reflecting the 
patient's ability to return to daily activities and work, 
which can be measured using validated scales such 
as the Lower Extremity Functional Scale (LEFS) for 
lower limb fractures and the Disabilities of the Arm, 
Shoulder and Hand (DASH) score for upper limb 
injuries [6,7]. 

This study was designed to prospectively evaluate 
the functional outcomes and complications of 
submuscular plating in patients with diaphyseal 
fractures of long bones treated at a tertiary care 
center in India. The study also aimed to assess the 
feasibility of early mobilization and the overall 
clinical efficacy of the technique. 

Aim and Objectives 

Aim: To evaluate the functional outcomes and 
safety profile of submuscular plating in the 
management of diaphyseal long bone fractures. 

Objectives: 

1. To assess the improvement in functional status 
of patients with diaphyseal long bone fractures 
treated with submuscular plating using 
validated scoring systems (LEFS for lower 
limbs and DASH for upper limbs) over a six-
month follow-up period. 

2. To document the time to fracture union and rate 
of union following submuscular plating. 

3. To record and analyze complications associated 
with submuscular plating, including infection, 
implant failure, and neurovascular injury. 

4. To evaluate the feasibility and impact of early 
mobilization postoperatively on functional 
recovery. 

5. To identify any patient or fracture-related 
factors influencing functional outcome and 
healing. 

Materials and Methods 

Department of Orthopaedics, Tertiary Care Centre, 
India, for two years. 

Sample Size: One hundred patients with diaphyseal 
long bone fractures treated by submuscular plating 
were enrolled consecutively during the study period. 

Inclusion Criteria: 

• Patients aged 18 to 65 years. 
• Acute diaphyseal fractures of long bones 

(femur, tibia, humerus, radius, or ulna). 
• Closed or Gustilo-Anderson type I and II open 

fractures. 
• Patients medically fit for surgery. 
• Willingness to comply with follow-up protocol. 

Exclusion Criteria: 

• Pathological fractures. 
• Fractures with neurovascular compromise 

requiring immediate intervention. 

• Gustilo-Anderson type III open fractures. 
• Associated compartment syndrome. 
• Patients with systemic infection or other 

contraindications to surgery. 

Surgical Procedure: All patients underwent 
submuscular plating under regional or general 
anesthesia. The fracture site was minimally exposed 
or indirectly reduced using traction and fluoroscopic 
guidance. A pre-contoured locking compression 
plate (LCP) or dynamic compression plate (DCP), 
appropriate for the bone and fracture pattern, was 
inserted through small incisions along the muscle 
plane, avoiding extensive soft tissue dissection. 
Screws were placed percutaneously to achieve 
stable fixation. 

Postoperative Management: Early range of motion 
exercises were initiated as tolerated. Partial weight-
bearing was allowed based on fracture stability and 
surgeon’s discretion, progressing to full weight-
bearing upon radiological evidence of healing. 

Outcome Measures: 

• Functional assessment: Lower Extremity 
Functional Scale (LEFS) for lower limb 
fractures and Disabilities of the Arm, Shoulder 
and Hand (DASH) score for upper limb 
fractures were recorded at baseline 
(preoperative or immediately postoperative), 
and at 1, 3, and 6 months postoperatively. 

• Radiological assessment: Fracture union was 
assessed by serial radiographs at follow-up 
visits. Union was defined as bridging callus 
across three cortices on orthogonal views and 
absence of pain or mobility at the fracture site. 

• Complications: Any intraoperative or 
postoperative complications, including 
infection, implant failure, delayed union, 
nonunion, or neurovascular injury, were 
documented. 

Statistical Analysis: Data analysis was performed 
and continuous variables were presented as mean ± 
standard deviation (SD). Changes in functional 
scores over time were analyzed using repeated 
measures ANOVA. Complication rates were 
reported descriptively. A p-value <0.05 was 
considered statistically significant. 

Results 

A total of 100 patients with diaphyseal long bone 
fractures treated by submuscular plating were 
evaluated prospectively. The majority were male, 
with fractures involving femur, tibia, humerus, and 
radius-ulna. Functional outcomes measured by 
LEFS (lower limb) and DASH (upper limb) showed 
significant improvement at all follow-ups. Fracture 
union rates were high with low complication 
incidence. Early mobilization was feasible and 
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contributed to recovery. Follow-up compliance was 
excellent.
 

Table 1: Patient Demographic Characteristics (n=100) 
Parameter Value 
Mean Age (years) 42.5 ± 12.3 
Gender (M/F) 68 / 32 
Fracture Location (Femur/Tibia/Humerus/Radius-Ulna) 35/30/20/15 
Injury Mechanism (RTA/Fall/Other) 70/25/5 

 
Table 2: Baseline Functional Scores 

Fracture Location Baseline LEFS/DASH Score (Mean ± SD) 
Femur/Tibia (LEFS) 20.4 ± 7.2 
Humerus/Radius-Ulna (DASH) 45.6 ± 10.3 

 
Table 3: Functional Score Improvement Over Time – Lower Limb (LEFS) 

Time Point Mean LEFS ± SD p-value vs. Baseline 
Baseline 20.4 ± 7.2 — 
1 Month 40.7 ± 8.1 <0.001 
3 Months 58.9 ± 7.6 <0.001 
6 Months 68.3 ± 6.9 <0.001 

 
Table 4: Functional Score Improvement Over Time – Upper Limb (DASH) 

Time Point Mean DASH ± SD p-value vs. Baseline 
Baseline 45.6 ± 10.3 — 
1 Month 33.2 ± 9.7 <0.001 
3 Months 20.5 ± 7.4 <0.001 
6 Months 12.4 ± 6.2 <0.001 

 
Table 5: Time to Radiological Union 

Fracture Location Mean Time to Union (Weeks) ± SD 
Femur 16.2 ± 3.4 
Tibia 18.5 ± 4.1 
Humerus 14.8 ± 3.0 
Radius/Ulna 13.5 ± 2.8 

 
Table 6: Union Rate at 6 Months 

Fracture Location Number of Patients United Percentage (%) 
Femur 33 94.3 
Tibia 27 90 
Humerus 19 95 
Radius/Ulna 15 100 

 
Table 7: Complications Observed 

Complication Number of Patients Percentage (%) 
Superficial Infection 4 4 
Delayed Union 6 6 
Nonunion 2 2 
Implant Failure 1 1 
Neurovascular Injury 0 0 

 
Table 8: Early Mobilization and Weight Bearing 

Mobilization Parameter Number of Patients Percentage (%) 
Started Passive ROM < 48 hrs 90 90 
Partial Weight Bearing < 2 weeks 75 75 
Full Weight Bearing < 12 weeks 60 60 
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Table 9: Functional Outcome by Fracture Location at 6 Months 
Fracture Location Mean Functional Score ± SD Functional Category (%) 
Femur (LEFS) 68.3 ± 6.9 Excellent/Good: 90 
Tibia (LEFS) 64.5 ± 7.2 Excellent/Good: 85 
Humerus (DASH) 12.4 ± 6.2 Excellent/Good: 92 
Radius/Ulna (DASH) 10.8 ± 5.7 Excellent/Good: 95 

 
Table 10: Follow-up Compliance 

Follow-up Time point Number of Patients Completed Percentage (%) 
1 Month 100 100% 
3 Months 98 98% 
6 Months 95 95% 

 
Table 1 provided an overview of patient 
demographics and fracture characteristics, showing 
a predominance of young to middle-aged male 
patients with most fractures caused by road traffic 
accidents. Table 2 outlined baseline functional 
impairment as measured by LEFS and DASH 
scores. Tables 3 and 4 demonstrated statistically 
significant improvements in functional scores over 
the follow-up period for both lower and upper limb 
fractures, indicative of progressive recovery. Table 
5 documented mean time to radiological union, 
which ranged from approximately 13.5 weeks for 
radius-ulna fractures to 18.5 weeks for tibia 
fractures. Table 6 reflected high union rates at 6 
months across all fracture sites, exceeding 90%. 
Complications were minimal (Table 7), with 
superficial infection being the most common and no 
neurovascular injuries reported. Early mobilization 
data (Table 8) highlighted effective rehabilitation 
protocols, with most patients beginning passive 
motion and partial weight bearing within the first 
two weeks. Table 9 confirmed favorable functional 
outcomes with a majority of patients achieving 
excellent or good results at 6 months. Table 10 
demonstrated excellent follow-up adherence 
ensuring robustness of the outcome data. 

Discussion 

Diaphyseal fractures of long bones pose significant 
treatment challenges due to their potential for soft 
tissue injury, risk of delayed union or nonunion, and 
impact on limb function. The present prospective 
observational study assessed the functional 
outcomes, union rates, and complications associated 
with submuscular plating in a cohort of 100 patients 
with diaphyseal fractures of various long bones. Our 
findings affirm that submuscular plating is an 
effective and reliable surgical technique that 
promotes satisfactory functional recovery while 
preserving the biological environment essential for 
fracture healing. 

Functional Outcomes and Early Mobilization: 
The significant and progressive improvement in 
functional scores LEFS for lower limb and DASH 
for upper limb fractures observed at 1, 3, and 6 
months reflects the clinical efficacy of submuscular 

plating. This aligns with the fundamental principle 
of minimally invasive plate osteosynthesis (MIPO) 
which emphasizes biological fixation by minimizing 
soft tissue disruption and preserving periosteal 
blood supply. These advantages translate into 
enhanced fracture healing and early restoration of 
function [8,9]. 

Early mobilization is critical in reducing joint 
stiffness, muscle atrophy, and secondary 
complications such as deep vein thrombosis. In our 
study, 90% of patients initiated passive range of 
motion exercises within 48 hours postoperatively, 
and a substantial proportion commenced weight 
bearing within the first two weeks. This facilitated 
functional gains, as corroborated by the improved 
functional scores and high percentage of patients 
achieving excellent or good outcomes by six months 
[10]. 

Previous studies, including those by Apivatthakakul 
et al. and Sohan et al., have demonstrated similar 
benefits of MIPO techniques, reporting reduced 
hospital stays, faster functional recovery, and lower 
complication rates compared to traditional open 
plating [11]. 

Union Rates and Time to Healing: Radiological 
union rates exceeded 90% across all fracture 
locations, consistent with existing literature 
supporting submuscular plating as an effective 
method for achieving stable fixation conducive to 
biological healing. The average time to union 
observed in our cohort ranging from approximately 
13.5 weeks for upper limb fractures to 18.5 weeks 
for tibial fractures is comparable to or better than 
times reported in other studies employing MIPO 
[12]. 

Delayed union and nonunion were uncommon, 
highlighting the importance of preserving fracture 
biology and stability afforded by submuscular 
plating. Notably, tibial fractures demonstrated a 
slightly prolonged healing time, likely attributable to 
the relatively limited soft tissue envelope and 
vascularity around the tibia compared to other long 
bones [13]. 
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Complications: The low incidence of complications 
such as superficial infection, delayed union, and 
implant failure further supports the safety of 
submuscular plating. The absence of neurovascular 
injuries reflects the minimally invasive nature of the 
technique and meticulous surgical planning, often 
guided by fluoroscopy [14]. 

Superficial infections were managed successfully 
with antibiotics and local care without need for 
implant removal, underscoring the advantage of 
smaller incisions and less soft tissue exposure in 
minimizing infection risk [15]. 

Patient Demographics and Injury Patterns: Our 
study population predominantly consisted of young 
and middle-aged males, consistent with the 
epidemiology of trauma-related long bone fractures 
globally. The high proportion of road traffic 
accidents as the mechanism of injury reflects the 
trauma profile typical in developing regions [16]. 

Limitations 

Despite the strengths of this prospective study, 
including a sizable cohort and standardized 
functional assessments, some limitations exist [17]. 
The absence of a control group limits direct 
comparison with other fixation methods such as 
intramedullary nailing or traditional open plating. 
Additionally, follow-up duration of six months, 
while sufficient to assess early functional outcomes 
and union, may not capture long-term complications 
such as implant-related issues or late functional 
deficits [18,19]. 

Future randomized controlled trials comparing 
submuscular plating with alternative fixation 
methods, as well as studies with extended follow-up 
periods, are warranted to further establish the 
optimal role of this technique in managing 
diaphyseal long bone fractures [20]. 

Conclusion 

Submuscular plating is a safe and effective surgical 
technique for the management of diaphyseal long 
bone fractures. It facilitates excellent fracture 
healing with high union rates and promotes early 
functional recovery, as evidenced by significant 
improvements in LEFS and DASH scores over a six-
month period. The minimally invasive nature of the 
procedure preserves soft tissue integrity and 
periosteal blood supply, resulting in low 
complication rates and enabling early mobilization. 
Given these advantages, submuscular plating should 
be considered a preferred option for diaphyseal 
fractures in appropriately selected patients. Further 
comparative studies with longer follow-up are 
recommended to validate these findings and 
optimize patient outcomes. 
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