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Abstract 
Forearm fractures are common, with an incidence of 10 per 10,000 individuals annually. Among young adults, 
fractures involving both radius and ulna are prevalent, particularly in the 21–30-year (31.8%) and 31–40-year 
(27.2%) age groups. High-energy trauma, including road traffic accidents (RTA) and falls, plays a significant 
role. In elderly populations, forearm fractures are more common in women over 60, with incidence increasing 
with age. Traditional management using dynamic compression plating (DCP) ensures anatomical reduction but 
has drawbacks such as large surgical incisions, periosteal stripping, and implant-related complications. The 
titanium elastic nailing system (TENs) offers a minimally invasive alternative. This study assesses functional 
and radiological outcomes of TENs fixation for radial shaft fractures, comparing results with DCP. 
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Introduction 

Diaphyseal fractures of the radius and ulna often 
require surgical intervention to restore function and 
alignment [8,9]. The choice of fixation method 
significantly impacts recovery. DCP has been the 
gold standard, ensuring rigid fixation but carrying 
risks such as infection, soft tissue damage, and 
implant-related complications [5]. Intramedullary 
nailing, particularly TENs, offers a less invasive 
alternative that preserves periosteal blood supply 
and facilitates bone healing [7]. However, concerns 
remain regarding its ability to provide sufficient 
rotational and axial stability in adults [10]. This 
study evaluates the efficacy of TENs fixation in 
radial shaft fractures, assessing functional recovery 
and radiological outcomes over six months. 

Patients and Methods 

Study Setting and Population: The study was 
conducted at the Department of Orthopaedics, 
Central Referral Hospital, Sikkim Manipal Institute 
of Medical Sciences, Gangtok, from May 2023 to 
October 2024. Eligible patients undergoing TENs 
fixation for radial shaft fractures were included. 

Inclusion Criteria 

• Skeletally mature individuals. 
• Isolated radius shaft fractures or both bone 

fractures. 
• ASAgrading1, 2, and3. 
• ClosedfracturesandGrade1openfractures. 

Exclusion Criteria 

• Ipsilateral upper limb injuries. 
• Metabolic or inflammatory bone disorders. 
• Pathological fractures. 
• Grade 2 and 3 open fractures. 
• Uncontrolled diabetes mellitus. 
• Head injury or previous upper limb fractures. 
• Debilitating upper limb conditions. 

Study Design and Data Collection: This cross-
sectional study included all eligible patients. 
Functional and radiological assessments were 
conducted at preoperative, immediate postoperative 
(0 months), 3 months, and 6 months. 

 

Study Instruments: 
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1. Plain radiographs (AP & Lateral views) for 
radial length, bowing, fracture gap, and callus 
formation. 

2. DASH (Disabilities of the Arm, Shoulder, and 
Hand) score. 

3. Upper Extremity Functional Index (UEFI) 
score. 

4. Range of motion (supination, pronation, 
flexion, extension). 

Surgical Technique: 

• The nail was pre-contoured to match radial 
bowing. 

• A small incision (1-2 cm) was made proximal 
to Lister's tubercle. 

• A drill or awl created an entry point. 
• The nail was inserted using a T-handled chuck, 

rotated 180 degrees for alignment, and 
advanced beyond the fracture site. 

• Final adjustments ensured optimal radial bow 
maintenance. 

• The nail was cut to protrude slightly for easy 
removal post-healing. 

Postoperative Care: 

• Initial immobilization in a long-arm splint 
followed by an above-elbow cast. 

• Gradual rehabilitation with active and passive 
exercises. 

• TENs removal upon confirmation of bone 
union. 

• Follow-up assessments at 3 and 6 months 
included radiographic evaluation, functional 
outcome assessment (DASH and UEFI scores), 
and range of motion measurements. 

Results 

A total of 27 patients met the inclusion criteria and 
were evaluated over six months. 

Demographics (Table 1): 

• Mean age: 36.33 ± 13.43 years. 
• Male predominance: 63% vs. 37% female. 
• Injury distribution: Right forearm (51.9%), 

Left forearm (48.1%). 
• Common causes: Fall from height (66.7%), 

RTA (33.3%). 
 

Table 1: Demographic and Injury Characteristics of Study Participants 
Category Subcategory No. of Patients Percentage Mean ± SD 
Age Distribution 

   
36.33 ± 13.43 

Gender Distribution Male 17 63.0% 
 

 
Female 10 37.0% 

 

Affected Side Distribution Left 13 48.1% 
 

 
Right 14 51.9% 

 

Mechanism of Injury Road Traffic Accident 9 33.3% 
 

 
Fall from Height 18 66.7% 

 

 
Fracture Characteristics (Table 2): 

• Midshaft fractures (63%) were most common. 
• Oblique (44.4%), spiral (33.3%), and transverse (22.2%) fractures predominated. 
 

Table 2: Fracture Site and Pattern Distribution 
Fracture Characteristic Category No. of Patients Percentage (%) 
Fracture Site (Diaphysis of Radius) Proximal 3 11.1%  

Middle 17 63.0%  
Distal 7 25.9% 

Fracture Pattern Spiral 9 33.3%  
Oblique 12 44.4%  
Transverse 6 22.2% 
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Figure 1: Fracture site and pattern 

 
Here is the bar chart visualizing the distribution of fracture site and pattern among study participants.  

Radiological Outcomes (Table 3): 

• Radial length improved significantly from 217.77 ± 21.36 mm (pre-op) to 237.16 ± 19.08 mm (6-months) 
(p < 0.0001). 

• Fracture gap reduced from 1.19 ± 0.75 mm (immediate post-op) to 0 mm (6 months) (p < 0.0001). 
• Radial bowing remained stable (9.84 ± 1.02 mm to 9.35 ± 1.03 mm). 
 

Table 3: Radiological Outcomes of Study Participants 
Parameter Time Point Mean Standard Deviation P-value 
Radial Length (mm) Pre Op 217.77 21.36 <0.0001  

0 months 236.05 19.14 -  
3 months 236.70 19.16 -  
6 months 237.16 19.08 - 

Gap at Fracture (mm) 0 months 1.19 0.75 <0.0001  
3 months 0.27 0.36 -  
6 months 0.00 0.00 - 

Radial Bowing (mm) 0 months 9.84 1.02 <0.0001  
3 months 9.50 0.96 -  
6 months 9.35 1.03 - 

 
Range of Motion Outcomes (Table 4): 

• Elbow flexion improved from 129.81 ± 6.28° (3 months) to 141.07 ± 4.98° (6 months) (p < 0.0001). 
• Pronation increased from 53.33 ± 13.59° (3 months) to 72.59 ± 13.47° (6 months). 
• Supination increased from 54.63 ± 12.08° (3 months) to 75.56 ± 12.12° (6 months). 
 

Table 4: Range of Motion Outcomes of Study Participants 
Parameter Time Point Mean Standard Deviation P-value 
Elbow Flexion (°) 3 months 129.81 6.28 <0.0001  

6 months 141.07 4.98 - 
Elbow Extension (°) 3 months 8.89 8.47 <0.0001  

6 months 4.19 6.70 - 
Supination (°) 3 months 54.63 12.08 <0.0001  

6 months 75.56 12.12 - 
Pronation (°) 3 months 53.33 13.59 <0.0001  

6 months 72.59 13.47 - 
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Functional Outcomes (Table 5): 

• DASH scores improved significantly from 10.44 ± 6.26 (3 months) to 5.81 ± 3.15 (6 months) (p < 0.0001). 
• UEFI scores increased from 50.67 ± 16.11 (3 months) to 64.37 ± 10.03 (6 months) (p < 0.0001). 
 

Table 5: Functional Outcome Scores of Study Participants 
Parameter Time Point Mean Standard Deviation P-value 
DASH Score 3 months 10.44 6.26 <0.0001  

6 months 5.81 3.15 - 
UEFI Score 3 months 50.67 16.11 <0.0001  

6 months 64.37 10.03 - 
 
Healing and Complications (Table 6): 

• Callus formation reached 100% by 6 months. 
• Minimal complications: Two patients (7.4%) experienced minor malrotation, resolving with functional 

rehabilitation. 
 

Table 6: Callus Quality Distribution 
Follow-up Period Quality of Callus No. of Patients Percentage (%) 
3 months Satisfactory 22 81.5%  

Unsatisfactory 5 18.5% 
6 months Satisfactory 27 100.0% 
 
Discussion 

TENs offers minimally invasive fixation with 
preserved periosteal biology and early motion. This 
study evaluates its reliability in adults as an 
alternative to plating. 

Fractures occurred mainly in younger adults (mean 
36 years), driven by high-energy trauma, 
contrasting with Western osteoporotic patterns in 
older populations. Males predominated (63%), 
consistent with trauma-related epidemiology in 
South Asian studies. Injury sides were evenly 
distributed. Falls from height (66.7%) and RTAs 
(33.3%) were the main mechanisms. 

Most fractures involved the midshaft (63%) with 
oblique (44.4%) and spiral (33.3%) patterns typical 
of rotational and bending forces. These patterns 
match high-energy mechanisms [2,11,12]. 

TENs restored radial length effectively (217.77 mm 
to 237.16 mm), achieved complete gap closure by 
six months, and maintained radial bow within 
accepted limits [13]. Radiological outcomes were 
consistent in all the cases [7,14,15]. Range of 
motion improved significantly: flexion to 141°, 
extension deficit to 4°, supination to 76°, and 
pronation to 73°, comparable to rotational recovery 
reported in all the studies [7,16,17]. 

Callus formation progressed predictably, with 
81.5% satisfactory at three months and 100% at six 
months, aligning with available research [7,14,18] . 

Functional outcomes improved markedly. DASH 
scores dropped from 10.44 to 5.81 and UEFI 
increased from 50.67 to 64.37, exceeding clinically 

meaningful thresholds and matching reported 
recovery following TENs and plating [15,19–21] . 

Complications were low (7.4%), limited to 
malrotation without lasting deficits, aligning with 
reported rates [5,21,22] . 

Overall, TENs achieved reliable union, maintained 
anatomical parameters, and provided strong 
functional recovery with minimal complications, 
supporting its use as a viable alternative to plating 
in adult radial shaft fractures. 

Conclusion 

TENs fixation is a safe, minimally invasive, and 
effective treatment for adult radial shaft fractures. It 
provides stable fixation, preserves radial length and 
bowing, facilitates early mobilization, and results in 
excellent functional recovery with minimal 
complications. As a viable alternative to plating, 
TENs achieves good clinical outcomes while 
avoiding the risks associated with extensive 
surgical exposure. Although the follow-up period 
was short, patients demonstrated excellent 
functional and radiological outcomes. Larger 
comparative studies with longer follow-ups would 
further validate these findings. 
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