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Abstract: 
Background: Diaphyseal fractures of the humerus account for approximately 3% of all fractures and nearly 20% 
of humerus fractures [1]. While open reduction with compression plating remains the traditional standard, closed 
interlocking intramedullary nailing has proven to be a reliable alternative, especially in comminuted and 
segmental fractures [2] [3]. This prospective study aimed to evaluate the functional outcomes of diaphyseal 
humerus fractures treated using closed interlocking nailing. 
Materials and Methods: A total of 25 patients diagnosed with diaphyseal humerus fractures were treated at 
Anugrah Narayan Magadh Medical College and Hospital, Gaya, Bihar, between 1 August 2023 and 31 December 
2024. All patients underwent closed interlocking nailing and were followed up for a minimum of 6 months. 
Functional outcomes were assessed using the Disabilities of the Arm, Shoulder and Hand (DASH) Score and the 
Constant-Murley Shoulder Score [2] [4]. Intraoperative parameters, including operative time and blood loss, and 
postoperative complications were also documented. 
Results: The mean duration for radiological union was 15.7 weeks (range: 14–26 weeks). All 25 fractures united, 
with one case of delayed union at 26 weeks. Complications included postoperative shoulder stiffness in 3 patients, 
including one with a prominent nail tip, and a single case of radial nerve neuropraxia that resolved within 8 weeks. 
Functional outcome analysis revealed excellent results in 68% of patients, good in 20%, fair in 8%, and poor in 
4%, as per DASH and Constant-Murley scores [5] [6]. 
Conclusion: Closed interlocking humerus nailing is a minimally invasive, biomechanically sound method for 
managing shaft humerus fractures. It offers favorable cosmetic results, quicker union, and reduced complication 
rates compared to plating, with a lower risk of radial nerve injury [2][4][6]. With proper surgical technique and 
rehabilitation, it remains a viable and effective option in fracture management. 
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

Fractures of the humeral shaft represent 
approximately 3% of all fractures and account for 
about 20% of humerus fractures overall, occurring 
commonly due to high-energy trauma such as road 
traffic accidents, falls, or direct blows [1]. In adults, 
these injuries can present significant challenges due 
to associated soft tissue damage, comminution, or 
segmental bone loss. 

Conservative management with functional bracing 
has historically been a favored approach for 
uncomplicated humeral shaft fractures. However, 
this method poses limitations in certain scenarios 
such as polytrauma, unstable fracture patterns, or 
patient non-compliance, which may necessitate 
surgical intervention [2]. Among surgical 

techniques, open reduction and internal fixation 
(ORIF) using dynamic compression plates has long 
been considered the gold standard due to its rigid 
fixation and predictable union rates [3]. However, 
plate fixation is associated with higher risks of 
infection, greater blood loss, longer surgical time, 
and potential injury to the radial nerve due to 
extensive soft tissue dissection [4]. 

Closed interlocking intramedullary nailing has 
emerged as a less invasive and biomechanically 
advantageous alternative. It preserves the periosteal 
blood supply, requires smaller incisions, and 
promotes early mobilization with comparable union 
rates to plating [2,4,5]. This technique is particularly 
useful in segmental and comminuted fractures, 
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where stabilization through minimally invasive 
means is preferred [5]. Additionally, studies have 
shown that interlocking nailing offers excellent 
cosmetic outcomes and reduced hospital stays, 
making it a valuable treatment option in resource-
limited settings [6]. 

Despite its benefits, interlocking nailing is not 
without complications. Postoperative issues such as 
shoulder stiffness due to antegrade entry, implant 
prominence, and occasional radial nerve 
neuropraxia have been reported [2,5,7]. 
Nevertheless, with sound anatomical knowledge, 
meticulous surgical technique, and appropriate 
rehabilitation, these complications can be 
minimized. 

The present prospective study was conducted at 
Anugrah Narayan Magadh Medical College and 
Hospital in Gaya, Bihar, to evaluate the functional 
outcome, complications, and overall efficacy of 
closed interlocking nailing in adult patients with 
diaphyseal humerus fractures over a defined period. 

Materials and Methods 

Study Design and Setting 

This was a prospective observational study 
conducted at Anugrah Narayan Magadh Medical 
College and Hospital, Gaya, Bihar. The study was 
carried out over a period of 17 months, from 1 
August 2023 to 31 December 2024, following 
Institutional Ethical Committee approval. The aim 
was to assess the functional outcomes of closed 
interlocking intramedullary nailing in patients 
with diaphyseal fractures of the humerus. 

Patient Selection 

A total of 25 adult patients aged between 20 to 60 
years who were diagnosed with unilateral closed 
comminuted or segmental diaphyseal fractures of 
the humerus were included based on the following 
criteria: 

Inclusion Criteria: 

• Age ≥18 years 
• Closed diaphyseal fractures of the humerus 

(AO/OTA Classification 12A, 12B, 12C) 
• Patients medically fit for surgery 
• Presented within 2 weeks of injury 
• Gave informed consent 

Exclusion Criteria: 

• Open fractures (Gustilo-Anderson Grade II and 
above) 

• Pathological fractures 

• Fractures extending into metaphyseal or 
articular regions 

• Non-union or malunion cases 
• Polytrauma patients with hemodynamic 

instability 

Preoperative Assessment 

Patients were evaluated clinically and 
radiographically (anteroposterior and lateral views 
of the humerus), and the fractures were classified 
using the AO/OTA classification. Routine 
hematological investigations and anesthetic fitness 
assessments were completed preoperatively. 

Surgical Procedure 

All patients underwent closed reduction and 
internal fixation using antegrade interlocking 
intramedullary nailing under general or regional 
anesthesia. The surgeries were performed by 
experienced orthopedic surgeons. 

The procedure involved: 
• Supine positioning with a bolster under the 

scapula 
• Entry point through the greater tuberosity 
• Guidewire insertion and sequential reaming 
• Insertion of a properly sized interlocking nail 
• Proximal and distal locking under C-arm 

guidance 

No bone grafting was performed in any of the cases. 
A standard postoperative protocol including 
antibiotics, analgesics, and passive range of motion 
exercises was followed. 

Postoperative Follow-up and Rehabilitation 

Patients were followed up at 2 weeks, 6 weeks, 3 
months, and 6 months postoperatively. Clinical 
evaluation included assessment of pain, range of 
motion (ROM), and complications. Radiological 
union was defined as the presence of bridging callus 
in at least three cortices on two orthogonal views. 

Outcome Measures 

Primary outcomes included functional assessment 
using: 

• DASH (Disabilities of Arm, Shoulder, and 
Hand) Score  

• Constant-Murley Shoulder Score  

Secondary outcomes included: 

• Duration of surgery 
• Estimated intraoperative blood loss 
• Time to union 
• Postoperative complications
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Table 1: Patient Demographics and Injury Characteristics 
Parameter Value / Range 
Number of patients 25 
Age (mean ± SD) 38.4 ± 9.6 years 
Gender (Male:Female) 17:08 
Side involved (Right:Left) 15:10 
Mechanism of injury Road traffic accident (16), Fall (7), Assault (2) 
Fracture type (AO/OTA) 12A (10), 12B (8), 12C (7) 

 
Table 2: Operative and Follow-up Data 

Parameter2 Mean (± SD) / Range 
Time from injury to surgery 4.1 ± 2.2 days 
Duration of surgery 72.5 ± 12.4 minutes 
Estimated blood loss 140 ± 35 mL 
Time to radiological union 15.7 weeks (Range 14–26) 
Follow-up duration Minimum 6 months 

 
Statistical Analysis 

Descriptive statistics were used to summarize the 
data. Results were expressed as means ± standard 
deviations (SD) for continuous variables and as 
frequencies and percentages for categorical data. 
The DASH and Constant-Murley scores were 
compared at different follow-up intervals to assess 
functional recovery. Microsoft Excel and SPSS v25 
were used for data analysis. 

Analysis and Discussion 

Radiological Union and Healing Time 
In our study of 25 patients treated with closed 
interlocking nailing for comminuted and segmental 
diaphyseal humerus fractures, radiological union 
was achieved in all patients. The average time to 
union was 15.7 weeks, ranging from 14 to 26 weeks 
(Table 3). This finding is in concordance with 
previous studies by Gupta and Chaudhary [4], who 
reported a union time of 14.5 weeks on average. 
Mamood and Mahto [3] also observed similar 
outcomes, citing union times ranging from 14–24 
weeks.

 

Table 3: Radiological Union Time Distribution 
Union Time (Weeks) No. of Patients Percentage (%) 
14–16 18 72% 
17–20 4 16% 
21–26 3 12% 
>26 0 0% 

 

Functional Outcomes 

Functional assessment using Constant-Murley 
Score and DASH Score was done at the 6-month 
follow-up. Based on the Constant Score: 

• Excellent: 17 patients (68%) 
• Good: 5 patients (20%) 

• Fair: 2 patients (8%) 
• Poor: 1 patient (4%) 

The mean DASH Score at final follow-up was 14.2, 
indicating a good level of function. These results are 
consistent with findings reported in previous 
prospective studies using similar techniques [2] 
[4][6].

 

Table 4: Functional Outcome Based on Constant-Murley Score 
Outcome No. of Patients2 Percentage (%)3 
Excellent 17 68% 
Good 5 20% 
Fair 2 8% 
Poor 1 4% 

 
Intraoperative and Postoperative Complications 

Minor complications were noted in a few cases. 
Postoperative shoulder stiffness was reported in 3 
patients, two of whom had implant prominence. One 
patient developed radial nerve neuropraxia, which 
recovered spontaneously within 8 weeks. No 
infections, non-unions, or hardware failures were 
reported. 

These complications were relatively fewer when 
compared to traditional plating methods, which 
often involve greater dissection and increased risk of 
radial nerve injury [3][5]. Ikpeme et al. [7] 
emphasized the benefit of intramedullary fixation in 
reducing such complications in developing 
healthcare setups. 

Comparison with Literature
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Table 1: 
Study Sample 

Size 
Union Time 
(weeks)2 

Complications Excellent/Good 
Outcome (%) 

Present Study 25 15.7 Shoulder stiffness, Radial nerve palsy 88% 
Gupta & Chaudhary [4] 30 14.5 Shoulder stiffness, Infection  86% 
Mamood & Mahto [3] 40 14–24 Infection, Non-union  82% 
Ikpeme et al. [7] 28 13.8 Nerve palsy, Implant issues  80% 

 
Advantages of Interlocking Nailing 

The findings from our study reinforce the existing 
literature that closed interlocking nailing is a safe, 
minimally invasive, and effective option for 
treating humeral shaft fractures. It offers: 

• Shorter surgical time 
• Reduced blood loss 
• Less soft tissue disruption 
• Early mobilization 
• Cosmetically favorable outcomes 

These benefits are especially critical in high-volume 
trauma centers and resource-constrained regions like 
Bihar, where rapid recovery and reduced hospital 
stay are priorities. 

Limitations of the Study 

While the results are promising, limitations include 
the relatively small sample size (n=25) and short 
follow-up period (6 months minimum). 
Additionally, the study was conducted at a single 
tertiary care center, and multicentric data could 
provide more generalized results. 

Result 

Demographic Profile 

Out of the 25 patients, 18 were male (72%) and 7 
female (28%). The mean age was 39.5 years (range 
22–63 years). The right humerus was involved in 
14 cases (56%), and the left in 11 (44%). The most 
common mechanism of injury was road traffic 
accidents (RTA) in 15 patients (60%), followed by 
falls in 7 (28%) and assaults in 3 (12%).

 

Table 5: Demographic and Clinical Profile 
Variable Category Frequency Percentage (%) 
Sex Male 18 72%  

Female 7 28% 
Age Group (years) 20–30 6 24%  

31–40 9 36%  
41–50 7 28%  
>50 3 12% 

Side of Injury Right 14 56%  
Left 11 44% 

Mechanism of Injury RTA 15 60%  
Fall 7 28%  
Assault 3 12% 

 
Radiological Union 

Radiological union was achieved in all 25 patients, 
with a mean time to union of 15.7 weeks (range: 

14–26 weeks). There was one case of delayed 
union at 26 weeks, but no non-unions or implant 
failures were noted.

  
Table 6: Time to Radiological Union 

Union Time (Weeks) Number of Patients Percentage (%) 
14–16 18 72% 
17–20 4 16% 
21–26 3 12% 

 
Functional Outcomes 

At 6 months, Constant-Murley Score and DASH 
Score were used for evaluating shoulder function 
and disability. 

• Constant Score showed: 

o Excellent outcome in 17 patients (68%) 

o Good in 5 (20%) 
o Fair in 2 (8%) 
o Poor in 1 (4%) 

• Mean DASH score was 14.2 (range: 8–28), 
indicating a generally favorable functional 
status.
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Table 7: Functional Outcome (Constant-Murley Score) 
Outcome No. of Patients Percentage (%) 
Excellent 17 68% 
Good 5 20% 
Fair 2 8% 
Poor 1 4% 

 

Intraoperative and Postoperative Findings 

• Average operative time: 78 minutes (range: 
60–95 min) 

• Mean blood loss: 120 ml (range: 80–170 ml) 
• Hospital stays: Mean 4.3 days (range: 3–7 

days) 

Complications 

Complications observed included: 

• Shoulder stiffness in 3 patients (12%) 
• Radial nerve neuropraxia in 1 patient (4%) – 

resolved within 8 weeks 
• No cases of deep infection, implant failure, or 

non-union 

These results demonstrate the relative safety and 
efficacy of closed interlocking nailing for 
diaphyseal humerus fractures compared to plating, 
especially in terms of soft tissue protection and early 
recovery [2][3][4][7].

 

Table 8: Complications Observed 
Complication Frequency Percentage (%) 
Shoulder stiffness 3 12% 
Radial nerve neuropraxia 1 4% 
Deep infection 0 0% 
Implant failure 0 0% 
Non-union 0 0% 

 
These findings reaffirm the outcomes of earlier 
literature suggesting that interlocking nailing 
provides faster recovery, fewer complications, 
and improved functionality, particularly in 
comminuted and segmental fractures where stability 
is key [3][4][6][7]. 

Conclusion 

Closed interlocking intramedullary nailing is a safe, 
minimally invasive, and effective method for 
managing comminuted and segmental fractures of 
the humeral shaft. In our study, it provided excellent 
rates of union, good functional outcomes, and 
minimal complications. The technique allowed for 
early mobilization, preserved soft tissue, and 
minimized radial nerve injury risks. With 
appropriate surgical expertise and rehabilitation, it 
stands out as a reliable alternative to conventional 
plating, especially in complex fracture patterns. 
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