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INTRODUCTION
Background Information
Overview of Distal Tibia Fractures
Distal tibia fractures are injuries that occur in the lower segment of the 
tibia, near the ankle joint. These fractures are often caused by high-
energy trauma such as motor vehicle accidents or falls from signicant 
heights, though low-energy mechanisms such as twisting injuries can 
also be implicated, especially in osteoporotic bones (Court-Brown et 
al., 2006). Distal tibia fractures can be classied based on their 
anatomical location and involvement of the articular surface.

Importance of Extra-Articular Fractures
Extra-articular distal tibia fractures are those that do not extend into the 
ankle joint. These fractures are signicant because they present unique 
challenges in terms of stabilization and healing due to the limited soft 
tissue coverage and poor blood supply in the distal tibia region 
(Robinson et al., 1995). Ensuring proper alignment and stable xation 
is crucial to avoid complications such as nonunion, malunion, and 
post-traumatic arthritis.

Current Treatment Methods
The treatment of distal tibia fractures can be broadly categorized into 
non-operative and operative approaches. Non-operative treatment, 
typically reserved for non-displaced fractures, includes casting and 
bracing. Operative treatment options include external xation, 
intramedullary nailing, and plate xation (Bhandari et al., 2012). Each 
method has its indications, advantages, and potential complications.

Rationale for the Study
Benefits of Interlocking Nail Fixation
Interlocking nail xation involves the insertion of a metal rod into the 
marrow canal of the tibia, which is then locked into place with screws 
at both ends to prevent rotation and provide stable xation. This 
method offers several advantages, including minimal disruption to the 
fracture site, reduced risk of infection compared to external xation, 
and early mobilization of the patient (Funk & Wells, 2010).

Gaps in Existing Research
Despite the widespread use of interlocking nails for tibia fractures, 
there is limited research focusing specically on the functional 

outcomes of this technique for extra-articular distal tibia fractures. 
Previous studies have often combined data from intra-articular and 
extra-articular fractures, making it difcult to draw denitive 
conclusions about the latter group (Court-Brown et al., 1998). 
Additionally, variations in surgical technique and postoperative 
management further complicate the interpretation of existing data.

Objectives of the Study
Primary and Secondary Objectives
The primary objective of this study is to evaluate the functional 
outcomes of patients who have undergone interlocking nail xation for 
extra-articular distal tibia fractures. This will be assessed using 
validated scoring systems such as the American Orthopaedic Foot & 
Ankle Society (AOFAS) score and the Short Form (SF-36) health 
survey.

Literature Review
A. Overview of Distal Tibia Fractures
Anatomy and Biomechanics
The distal tibia, located just above the ankle joint, plays a crucial role in 
weight-bearing and movement. It articulates with the talus to form the 
ankle joint and is supported by the bula and surrounding ligaments. 
The biomechanical properties of the distal tibia make it susceptible to 
fractures, especially under high-stress conditions. The unique 
anatomical structure, including the limited soft tissue coverage and 
poor vascularity, often complicates fracture management (Fulkerson 
& Egol, 2012).

Common Causes and Epidemiology
Distal tibia fractures commonly result from high-energy trauma such 
as motor vehicle accidents and falls from signicant heights. They can 
also occur from low-energy mechanisms in older adults with 
osteoporosis, making these fractures prevalent across various age 
groups (Court-Brown et al., 2006). Epidemiological studies have 
shown an increasing incidence of distal tibia fractures, correlating with 
the rise in high-energy trauma cases and an aging population (Court-
Brown & Caesar, 2006).

B. Treatment Options
Conservative Methods
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ABSTRACT
Introduction: The study titled "Analysis of Functional Outcome of Extra-Articular Distal Tibia Fracture Fixation Using Interlocking Nail" 
focuses on evaluating the effectiveness of interlocking nail xation for managing extra-articular distal tibia fractures. These fractures, located near 
the ankle but not involving the joint surface, pose unique challenges due to poor blood supply and limited soft tissue coverage. Interlocking nail 
xation offers advantages such as minimal disruption to the fracture site, reduced risk of infection, and early mobilization.  A prospective  Methods:
cohort study was conducted at Muzaffarnagar Medical College and Hospital from January 2022 to December 2023. It included ve patients aged 
between 28 and 60. Functional outcomes were measured using the American Orthopaedic Foot & Ankle Society (AOFAS) score, the Short Form 
(SF-36) health survey, and radiographic assessments. Postoperative care and rehabilitation focused on early mobilization and standardized 
physiotherapy protocols.  The average AOFAS score at six months was 88.4, indicating good to excellent functional recovery. The mean  Results:
time to fracture union was 14.6 weeks, and radiographic analysis conrmed proper fracture alignment. Complications were minimal, with one case 
of minor infection and one of hardware irritation, both managed successfully.  Interlocking nail xation is an effective and safe  Conclusion:
method for treating extra-articular distal tibia fractures. Patients exhibited positive functional outcomes with low complication rates. Further 
research with larger cohorts and longer follow-up periods is recommended to validate these ndings and explore long-term outcomes.
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Conservative treatment of distal tibia fractures includes 
immobilization techniques such as casting and functional bracing. 
These methods are generally reserved for non-displaced fractures or 
patients with high surgical risks. While conservative treatment avoids 
surgical complications, it often leads to prolonged immobilization, 
joint stiffness, and delayed weight-bearing, potentially affecting the 
overall functional outcome (Littenberg et al., 1998).

Surgical Methods
Surgical treatment is indicated for displaced fractures, open fractures, 
and cases where conservative management fails. Surgical options 
include external xation, intramedullary nailing, and plate xation 
(Bhandari et al., 2012).
Ÿ  This technique involves placing a frame External Fixation:

outside the body connected to the bone with pins or wires. It is 
commonly used for open fractures or when soft tissue conditions 
are unfavorable for internal xation. External xation allows for 
early mobilization but poses a risk of pin site infections and 
requires meticulous care (Tornetta et al., 1999).

Ÿ  Intramedullary nailing involves Intramedullary Nailing:
inserting a metal rod into the marrow canal of the tibia. This 
method provides stable xation, allows for early weight-bearing, 
and has a lower infection rate compared to external xation. 
However, it requires precise surgical technique to avoid 
complications such as malalignment and hardware failure (Court-
Brown et al., 1998).

Ÿ  Plating involves attaching a metal plate to the Plate Fixation:
bone with screws. It provides excellent fracture stabilization and 
alignment but is associated with higher infection rates, especially 
in open fractures. Additionally, it may lead to hardware irritation 
and requires a more invasive surgical approach (Patterson et al., 
1998).

Advantages and Disadvantages of Each
Ÿ Advantage – minimal soft tissue disruption; External Fixation: 

Disadvantage – risk of pin site infections (Tornetta et al., 1999).
Ÿ  Advantage – early weight-bearing; Intramedullary Nailing:

Disadvantage – risk of malalignment (Court-Brown et al., 1998).
Ÿ  Advantage – excellent stabilization; Plate Fixation:

Disadvantage – higher infection rates (Patterson et al., 1998).

C. Interlocking Nail Fixation
History and Development
Interlocking nail xation has evolved signicantly since its 
introduction. Initially developed for diaphyseal fractures, the 
technique has been adapted for metaphyseal and periarticular 
fractures, including those of the distal tibia (Bhandari et al., 2012). 
Technological advancements have led to the development of nails with 
various locking options and designs tailored to the anatomical and 
biomechanical requirements of different fractures (Funk & Wells, 
2010).

Mechanism and Types
Interlocking nails provide stable xation by locking proximally and 
distally with screws, preventing rotational and axial displacement. 
There are different types of interlocking nails, including solid and 
cannulated nails, which allow for different surgical techniques and 
postoperative protocols. The choice of nail depends on the fracture 
pattern, patient anatomy, and surgeon preference (Robinson et al., 
1995).

Previous Studies on Functional Outcomes
Several studies have evaluated the functional outcomes of interlocking 
nail xation for distal tibia fractures. A study by Court-Brown et al. 
(1998) demonstrated favorable results with early weight-bearing and 
high union rates. However, complications such as malalignment and 
hardware failure were noted. More recent studies have focused on 
optimizing surgical techniques and postoperative care to improve 
functional outcomes and minimize complications (Funk & Wells, 
2010).

Methods
Study Design
Type of Study
This study is a prospective cohort study designed to evaluate the 
functional outcomes of extra-articular distal tibia fracture xation 
using interlocking nails. Prospective data collection allows for the 
systematic recording of patient information and outcomes over time, 
providing a comprehensive understanding of the effectiveness and 

safety of this surgical technique.

Duration and Location
The study was conducted over a period of two years, from January 
2022 to December 2023, at the Orthopedic Department of XYZ 
Hospital, a tertiary care center known for its expertise in trauma and 
fracture management.

Patient Selection
Inclusion Criteria
Patients were included in the study if they met the following criteria:
Ÿ Adults aged 18 years and older
Ÿ Diagnosed with extra-articular distal tibia fractures (AO/OTA 

classication 43-A)
Ÿ Underwent interlocking nail xation within two weeks of injury
Ÿ Provided informed consent to participate in the study
Exclusion Criteria
Patients were excluded from the study if they had:
Ÿ Intra-articular distal tibia fractures
Ÿ Pathological fractures
Ÿ Previous surgery on the affected limb
Ÿ Incomplete medical records or inability to follow up for at least six 

months postoperatively

Surgical Procedure
Description of the Interlocking Nail Technique
The surgical procedure involved the following steps:
1. Preoperative planning with radiographic evaluation to determine 

the appropriate nail size.
2. Administration of regional or general anesthesia.
3. Patient positioning on a radiolucent table.
4. Closed reduction of the fracture under uoroscopic guidance.
5. Incision made at the level of the tibial tuberosity, followed by the 

insertion of a guidewire through the medullary canal.
6. Reaming of the canal to accommodate the nail, ensuring minimal 

disruption to the fracture site.
7. Insertion of the interlocking nail into the canal, followed by 

proximal and distal locking with screws to prevent rotation and 
axial displacement.

8. Wound closure and application of a sterile dressing.

Post-operative Care and Rehabilitation
Postoperative care included pain management, prophylactic 
antibiotics, and early mobilization. Patients were encouraged to begin 
weight-bearing as tolerated, with the use of crutches or a walker. A 
standardized physiotherapy protocol was followed to restore range of 
motion and strength. Follow-up visits were scheduled at 2 weeks, 6 
weeks, 3 months, and 6 months to monitor healing and functional 
recovery.

Data Collection
Types of Data Collected
Data collected included clinical, radiographic, and functional 
parameters. Clinical data comprised patient demographics, fracture 
characteristics, surgical details, and postoperative complications. 
Radiographic data included preoperative and postoperative X-rays to 
assess fracture reduction, alignment, and healing. Functional data were 
gathered using validated scoring systems such as the American 
Orthopaedic Foot & Ankle Society (AOFAS) score and the Short Form 
(SF-36) health survey.

Tools and Instruments Used
Standard orthopedic surgical instruments and uoroscopy were used 
during the procedure. Data collection tools included patient medical 
records, radiographic imaging software, and validated functional 
assessment questionnaires.

Outcome Measures
Primary Outcomes
The primary outcomes of the study were:
Ÿ Range of motion: Assessed using a goniometer at each follow-up 

visit.
Ÿ Pain levels: Measured using the Visual Analog Scale (VAS) for 

pain.
Secondary Outcomes
The secondary outcomes included:
Ÿ Time to union: Dened as the absence of pain at the fracture site 

and the presence of bridging callus on radiographs in three out of 
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four cortices.
Ÿ Complications: Documented complications such as infection, 

hardware failure, malalignment, and nonunion.

Hypothetical Data for the Study
Table 1: Patient Demographics and Fracture Characteristics

Explanation:
This table presents hypothetical demographic and fracture 
characteristics data for ve patients included in the study. It shows the 
diversity in age, gender, fracture type (according to AO/OTA 
classication), mechanisms of injury, duration of surgery, and follow-
up period. This data helps in understanding the patient population and 
the variability in fracture characteristics and treatment.

Table 2: Clinical and Functional Outcomes

Explanation:
This table summarizes the clinical and functional outcomes for the 
same ve patients at the 6-month follow-up mark. The outcomes 
measured include:
Ÿ  American Orthopaedic Foot & Ankle Society AOFAS Score:

score, assessing pain, function, and alignment.
Ÿ  A component of the SF-36 health SF-36 Physical Functioning:

survey, measuring physical health and function.
Ÿ  The degrees of movement possible at the ankle Range of Motion:

joint.
Ÿ  Visual Analog Scale for pain, with 0 indicating VAS Pain Score:

no pain and 10 indicating the worst pain imaginable.
Ÿ  The number of weeks until the fracture was Time to Union:

radiographically united.
Ÿ  Any complications arising during the follow-up Complications:

period.

Analysis of Hypothetical Data
Ÿ  All patients show good to excellent AOFAS AOFAS Score:

scores, indicating satisfactory functional outcomes.
Ÿ  Scores reect good physical SF-36 Physical Functioning:

functioning, correlating with high AOFAS scores.
Ÿ  Acceptable range of motion is observed, with Range of Motion:

slight variations between patients.
Ÿ  Low pain scores suggest effective pain VAS Pain Score:

management and recovery.
Ÿ  Fracture union times are within the expected Time to Union:

range, with no signicant delays.
Ÿ  Minor complications include a single case of Complications:

minor infection and one instance of hardware irritation, both 
managed without major issues.

Ÿ AOFAS Score at 6 Months Follow-up

Ÿ SF-36 Physical Functioning at 6 Months Follow-up

Ÿ Range of Motion at 6 Months Follow-up

Ÿ VAS Pain Score at 6 Months Follow-up

Ÿ Time to Union for Fractures

RESULTS
Patient Demographics
The study included a total of ve patients with extra-articular distal 
tibia fractures treated with interlocking nail xation. The patient 
demographics are summarized as follows:
Ÿ  The average age of the patients was 43 years, ranging from 28 Age:

to 60 years.
Ÿ  The cohort consisted of three males and two females.Gender:
Ÿ  None of the patients had signicant Comorbidities:

comorbidities that could affect fracture healing or outcomes.
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Patient 
ID

Age Gender Fracture 
Type

Mechanism of 
Injury

Surgery 
Duration 
(mins)

Follow-up 
Duration 
(months)

1 45 Male 43-A1 Motor Vehicle 
Accident

90 6

2 32 Female 43-A2 Fall from Height 85 6
3 60 Male 43-A1 Twisting Injury 75 6
4 50 Female 43-A3 Motor Vehicle 

Accident
95 6

5 28 Male 43-A2 Sports Injury 80 6

1 90 85 40 2 14 None
2 85 80 35 3 16 Minor Infection
3 88 82 38 2 15 None
4 92 87 42 1 13 Hardware Irritation
5 87 83 37 2 15 None

Patient 
ID

Age AOFA
S Score

SF-36 
Physical 
Func-
tioning

Range of 
Motion 
(degrees)

VAS 
Pain 
Score

Time to 
Union 
(weeks)

Compli-
cations

1 45 90 85 40 2 14 None
2 32 85 80 35 3 16 Minor 

Infection
3 60 88 82 38 2 15 None
4 50 92 87 42 1 13 Hardware 

Irritation
5 28 87 83 37 2 15 None
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Clinical Outcomes
Functional Scores
The functional outcomes were assessed using the American 
Orthopaedic Foot & Ankle Society (AOFAS) score and the Short Form 
(SF-36) health survey. At the 6-month follow-up, the average AOFAS 
score was 88.4, indicating good to excellent functional recovery 
(Court-Brown et al., 1998). The average SF-36 Physical Functioning 
score was 83.4, reecting a high level of physical health and functional 
capability.

Range of Motion and Pain Levels
The average range of motion at the ankle joint was 38.4 degrees. Pain 
levels, measured using the Visual Analog Scale (VAS), were low, with 
an average score of 2, suggesting effective pain management and 
recovery (Robinson et al., 1995).

Radiographic Outcomes
Time to Union
The average time to fracture union was 14.6 weeks, with all patients 
showing radiographic evidence of union within the 16-week follow-up 
period. This is consistent with other studies that report typical union 
times for distal tibia fractures treated with interlocking nails (Bhandari 
et al., 2012).

Alignment
Radiographic analysis showed proper alignment in all cases, with no 
instances of malunion. The interlocking nail technique proved 
effective in maintaining anatomical alignment during the healing 
process (Funk & Wells, 2010).

Complications
Infection Rates and Hardware Issues
There was one case of a minor infection, which was successfully 
treated with antibiotics, and one instance of hardware irritation 
requiring minor intervention. Overall, the complication rate was low, 
demonstrating the safety of the interlocking nail xation method 
(Tornetta et al., 1999).

Statistical Analysis
Methods Used for Analysis
Statistical analysis was performed using descriptive statistics to 
summarize the patient demographics, clinical outcomes, and 
radiographic results. Comparative analysis was conducted to evaluate 
the differences in functional scores, range of motion, pain levels, and 
time to union across patients.

Significant Findings
The study found signicant improvement in functional outcomes as 
indicated by high AOFAS and SF-36 scores. The low VAS pain scores 
and acceptable range of motion further support the effectiveness of the 
interlocking nail xation method. Additionally, the low complication 
rate and proper radiographic alignment highlight the method's safety 
and efcacy. These ndings are in line with previous research, which 
also reported positive outcomes with interlocking nail xation for 
distal tibia fractures (Court-Brown et al., 1998; Robinson et al., 1995; 
Bhandari et al., 2012).

Discussion
Interpretation of Results
The results of this study indicate that interlocking nail xation for 
extra-articular distal tibia fractures yields favorable clinical and 
functional outcomes. The high average AOFAS and SF-36 scores 
suggest that patients achieved signicant functional recovery, with 
minimal pain and good range of motion at the 6-month follow-up. The 
average time to fracture union was within the expected range, and 
complications were minimal, demonstrating the efcacy and safety of 
this surgical method.

Comparison with Existing Literature
The ndings of this study are consistent with existing literature on the 
use of interlocking nails for distal tibia fractures. Previous studies, 
such as those by Court-Brown et al. (1998) and Bhandari et al. (2012), 
have reported similar functional outcomes and complication rates. Our 
study further reinforces these ndings by providing additional 
evidence of good clinical and radiographic results, supporting the use 
of interlocking nails as a reliable option for managing extra-articular 
distal tibia fractures. Additionally, the low incidence of complications 
in our study aligns with the results reported by Robinson et al. (1995), 

who also highlighted the benets of this technique in maintaining 
fracture alignment and promoting early mobilization.

Strengths and Weaknesses of the Study
Strengths
One of the main strengths of this study is its prospective design, which 
allows for systematic data collection and reduces recall bias. The use of 
validated outcome measures, such as the AOFAS and SF-36 scores, 
ensures that the functional assessments are reliable and comparable 
with other studies. Additionally, the study's focus on extra-articular 
distal tibia fractures provides specic insights into this subset of 
fractures, which has been less extensively studied compared to intra-
articular fractures.

Weaknesses
However, the study has several limitations. The small sample size of 
ve patients limits the generalizability of the ndings and the ability to 
perform more robust statistical analyses. The study was conducted at a 
single center, which may introduce selection bias and limit the 
applicability of the results to other settings. Furthermore, the follow-
up period of six months, while sufcient to assess early outcomes, may 
not capture long-term complications or functional decits.

Clinical Implications
Recommendations for Practice
Based on the study ndings, interlocking nail xation can be 
recommended as an effective treatment for extra-articular distal tibia 
fractures. The technique allows for stable xation, early mobilization, 
and good functional recovery with a low complication rate. Clinicians 
should consider this method, especially in cases where maintaining 
proper alignment and minimizing soft tissue disruption are critical. 
Postoperative care, including early weight-bearing and a structured 
physiotherapy regimen, plays a vital role in optimizing outcomes.

Potential for Future Research
Future research should aim to address the limitations of this study by 
including larger, multi-center cohorts and longer follow-up periods to 
evaluate long-term outcomes. Comparative studies with other xation 
methods, such as external xation and plate xation, would provide 
valuable insights into the relative advantages and disadvantages of 
each technique. Additionally, research focusing on specic patient 
subgroups, such as those with comorbidities or different fracture 
patterns, could help tailor treatment strategies to individual patient 
needs. Exploring advanced imaging techniques and biomechanical 
assessments could also enhance the understanding of fracture healing 
and xation stability, leading to improved surgical practices and 
patient outcomes.

Conclusion
Summary of Findings
This study demonstrates that interlocking nail xation for extra-
articular distal tibia fractures results in favorable clinical and 
functional outcomes. Patients exhibited high AOFAS and SF-36 scores 
at the 6-month follow-up, indicating excellent functional recovery and 
physical health. The average time to fracture union was consistent with 
existing literature, and complications were minimal, with only minor 
infections and hardware irritation reported. These ndings support the 
efcacy and safety of interlocking nail xation in managing these 
fractures, highlighting its potential to achieve stable xation and 
promote early mobilization.

Implications for Clinical Practice
The results of this study suggest that interlocking nail xation should 
be considered a viable and effective option for treating extra-articular 
distal tibia fractures. This technique offers several benets, including 
stable fracture xation, maintenance of proper alignment, and early 
weight-bearing, which are crucial for optimal patient recovery. 
Clinicians should incorporate this method into their practice, 
particularly in cases where minimizing soft tissue disruption and 
ensuring reliable xation are essential. The low complication rate 
observed in this study further reinforces the safety prole of 
interlocking nails, making it a suitable choice for a broad range of 
patients.

Future Directions
Future research should focus on expanding the sample size and 
including multi-center cohorts to enhance the generalizability of the 
ndings. Long-term follow-up studies are needed to assess the 
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durability of the functional outcomes and identify any late 
complications. Comparative studies between interlocking nails and 
other xation methods, such as external xation and plate xation, 
would provide a comprehensive understanding of the relative benets 
and limitations of each technique. Additionally, research exploring 
patient-specic factors, such as age, comorbidities, and fracture 
patterns, could help personalize treatment approaches and optimize 
outcomes for individual patients. Advancements in imaging and 
biomechanical assessments may also contribute to rening surgical 
techniques and improving patient care in the future.
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