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Functional and Radiological Outcome of Distal Tibia Fractures Treated With
Minimally Invasive Plate Osteosynthesis — A Retrospective Study

Abstract

Background:-Managing distal tibia fractures poses challenges for trauma surgeons due to
their unique architecture, characterized by limited soft tissue coverage and inadequate blood
flow. To evaluate the functional and radiological outcomes of distal tibial fractures treated

with minimally invasive plate osteosynthesis.

Methods:-Retrospective review of medical records were analysed for demographic details
and variables related to fracture and operative procedures. Post operative surgical site pain
was analysed by Visual Analogue Pain Score; and patient satisfaction at 1%, 3®and 6™ month
follow up utilizing the scale of American orthopaedic foot and ankle society score (AOFAS)

and Rasmussen radiological scoring system was done

Results:-The study comprised 13 males and 21 females. The average age of participants in
the study was 49.25 years. Most of the participants had accident in road traffic accident
followed by fall. The type of fracture weredistal(50%) as well as lateral(50%) tibial fracture.
There was significant difference in the VAS score(p<0,001), Aofas score (p=0.002) in 1,3 and
6 month follow up while Rasmussen score(p=0.637) didn’t showed any significant difference.

The average union time was 12 weeks.

Conclusion:-The research indicates that minimally invasive plate osteosynthesis. is an
effective surgical method for the management of distal tibial fractures, yielding positive
functional outcomes and a comparatively low rate of complications. Minimally invasive plate

osteosynthesis represents a significant approach in the management of these fractures.
Keywords:Tibial Fractures, Minimally Invasive Surgical Procedures, Plate Fixation

Fracture Healing, Orthopedic Procedures



25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

41

42

43

44

45

46

47

Introduction

Fractures of the tibial plafond account for approximately 10% of lower extremity fractures
and can result from both high-energy axial forces and low-energy trauma. These fractures are
often accompanied by severe closed soft tissue injuries or open wounds. [1] The term "Tibial
Pilon" refers to distal tibial fractures caused by the talus acting as a hammer and impacting

the tibia. [2]

Surgical management of extra-articular distal tibial fractures includes various techniques such
as intramedullary nail fixation, plate and screw fixation, and external fixation [3]. While
external fixation may be advantageous in select cases, intramedullary nails and plates are the
most commonly used options. Mid-shaft tibial fractures are generally managed successfully
with locked intramedullary nails [4]. However, distal metaphyseal fractures pose challenges,
including less stable fixation, screw or bolt breakage, malalignment, and the potential for nail

penetration into the ankle joint. [5]

For distal tibial plating, popular approaches include medial, anterolateral, posteromedial, and
posterolateral plating. [4] Open reduction and internal fixation (ORIF) is traditionally
employed for precise reduction of articular fragments, but it is associated with significant soft
tissue stripping and a high incidence of complications such as delayed union, non-union, and
infection. The minimally invasive plate osteosynthesis (MIPO) technique has emerged as an
alternative, enabling indirect reduction and stable fixation while minimizing soft tissue

disruption. [5]

The extensive dissection associated with ORIF, particularly the anterolateral approach, has
been linked to complications such as wound dehiscence, full-thickness necrosis, and

infections. The MIPO technique offers an alternative with a reduced risk of these soft tissue



48

49

50

51

52

53

54

55

56

57

58

59

60

61

62

63

64

65

66

67

68

69

complications. [6] However, studies comparing functional and radiological outcomes

between MIPO and other fixation methods are scarce.

There remains a controversy regarding the optimal surgical approach for distal tibial
fractures, with debates between open reduction and internal fixation with plates and screws,
closed reduction with intramedullary interlocking nailing (IMIL), external fixation, or
minimally invasive plate osteosynthesis. Although earlier studies have compared plating and
nailing, none have conclusively determined which method yields the best functional

outcomes.

This study aims to evaluate the functional and radiological outcomes of distal tibia [7-9]l
fractures treated with minimally invasive plate osteosynthesis (MIPO). The specific
objectives include assessing fracture union through the Rasmussen radiological scoring
system, monitoring the range of motion during follow-ups, and evaluating functional
outcomes using the Visual Analog Scale (VAS) score and the American Orthopedic Foot and

Ankle Society (AOFAS) score.

Materials and Methods

This retrospective study was conducted to evaluate the functional and radiological outcomes
of patients with distal tibial fractures treated with minimally invasive plate osteosynthesis
(MIPO). Data were retrieved from medical records of patients admitted to R.L. Jalappa
Hospital, Tamaka, Kolar, under the Department of Orthopaedics, from February 2023 to
January 2024. Patients with a minimum follow-up period of six months were included in the

analysis.

Study Design
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The study employed a retrospective observational design to analyze outcomes in patients
treated with MIPO during the study period. Data were systematically collected to assess

functional and radiological results.
Study Population

The study population comprised 34 patients, including 13 males and 21 females, who met the
specified inclusion and exclusion criteria. Patients were included if they were above 18 years
of age, had distal tibial fractures treated with minimally invasive plate osteosynthesis
(MIPO), and presented with either closed fractures or open fractures classified as Gustilo
Anderson Type | or Il. Exclusion criteria eliminated patients with Gustilo Anderson Type I
open fractures, pathological fractures, or fractures associated with neurovascular injury. This
carefully selected sample ensured a homogeneous population with comparable fracture types,
allowing for a focused evaluation of MIPO outcomes in managing both closed and mild open

fractures.
Sample Size Calculation

The sample size for the study was calculated based on previously reported mean American
Orthopaedic Foot and Ankle Society (AOFAS) scores at three months (74.46 + 8.278) and six
months (92.43 + 5.696) by Jerin Jeevo et al. [1].

Assuming alpha error of 0.05 (95% Confidence limit),
Power of 80% (Beta=0.84),

The minimum required sample size to determine the proportion with excellent functional

outcomes was calculated to be 34 subjects.

The sample size was derived from the following formula

D'Z(Zl_% _Zl—ﬂ )2

N=—az
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Z1-..» 15 1.96 at 95% Confidence level
Z;.3is 0.84 at 80% power

o= Standard deviation (8.278)

d= mean difference (4)
N=(8.278)%(1.96+0.84)?%/(4)?

N=34
Data Collection

The data collection process involved a detailed review of medical records to obtain
comprehensive clinical and surgical information for the study. Demographic parameters, such
as the age and gender of the patients, were documented to establish the composition of the
study population, which included 13 males and 21 females. This demographic profiling
provided insights into the gender distribution and age-related patterns of distal tibial fractures

treated with minimally invasive plate osteosynthesis (MIPO).

Fracture characteristics were thoroughly examined to understand the nature and complexity
of the injuries. Key aspects included whether the fractures were closed or open, the
mechanism of injury (such as road traffic accidents or falls), articular involvement (extent of
joint surface damage), and the presence of associated fibular fractures. These details were
critical in evaluating the severity of the fractures and tailoring the surgical approach. Soft
tissue involvement was assessed to categorize the extent of injury to the surrounding tissues,
which plays a crucial role in determining surgical feasibility and predicting postoperative

outcomes.

Surgical parameters were also meticulously recorded to evaluate the technical aspects and
immediate postoperative conditions. The length of the operative procedure was measured in

minutes to assess surgical efficiency. The volume of intraoperative blood loss was
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documented as an indicator of surgical trauma, while immediate postoperative surgical site
pain was quantified using the Visual Analog Scale (VAS). This combination of parameters
provided a clear picture of the perioperative challenges and the effectiveness of the surgical

technique.

Postoperative outcomes were tracked to measure recovery and overall patient satisfaction.
The length of hospital stay was recorded to assess the recovery timeline, and complications
such as infections, wound dehiscence, or hardware-related issues were documented to
evaluate safety. Patient satisfaction with the surgical outcomes was assessed through
standardized follow-up evaluations, providing qualitative insights into the success of the

intervention.

Functional and radiological outcomes were the core focus of the study. Functional recovery
was measured using the American Orthopaedic Foot and Ankle Society (AOFAS) score, a
validated tool for assessing pain, mobility, and alignment in foot and ankle conditions [10].
Radiological outcomes were evaluated through the Rasmussen radiological scoring system,
which objectively measures fracture union, alignment, and joint congruence. These outcomes
were documented at 1, 3, and 6 months postoperatively to monitor the trajectory of recovery

and healing.

Outcome Measures

Fracture union was the primary radiological outcome, assessed using the Rasmussen
radiological scoring system. This system evaluates key parameters such as alignment, joint
congruence, and the progression of bone healing, providing a standardized method for
monitoring the success of fracture fixation. Regular radiographic assessments during follow-
ups ensured that the progression of fracture union was thoroughly tracked and documented

[11].
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Functional outcomes were evaluated using both the AOFAS score and the VAS for pain. The
AOFAS score provided a comprehensive measure of pain levels, functional limitations, and
alignment, while the VAS offered a simple yet effective method for quantifying postoperative
pain levels. These outcomes were monitored at three critical time points—1, 3, and 6

months—to capture both immediate and long-term recovery trends.

Range of motion (ROM) was assessed during follow-up visits to determine the restoration of
joint mobility. This parameter was critical in understanding the functional recovery of the
ankle joint, as stiffness or restricted motion could significantly impact the overall quality of
life for the patients. ROM assessments were performed systematically to identify any delays

or limitations in mobility recovery.

Complications were another important outcome measure. Postoperative complications, such
as infections, hardware-related issues (e.g., screw loosening or breakage), malunion, and non-
union, were carefully documented. These complications provided insights into the safety and
reliability of MIPO as a surgical technique for distal tibial fractures. The identification and
analysis of complications were essential for determining areas of improvement and refining

the surgical approach for future cases.

Statistical Analysis

Statistical analysis was performed using Microsoft Excel for data entry and SPSS software
(version 25) for processing. Continuous variables, including AOFAS scores, were
summarized as mean, standard deviation (SD), median, minimum, and maximum values.
Categorical variables, such as fracture types and complications, were presented as
frequencies and percentages. Functional outcomes over time were compared using paired t-
tests for normally distributed data, specifically analyzing AOFAS scores at three and six

months postoperatively, while the Wilcoxon signed-rank test was applied for non-parametric
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data. A p-value of less than 0.05 was considered statistically significant, ensuring robust

evaluation of the results.

Ethical Considerations

The study was conducted in compliance with institutional ethical guidelines. Given the
retrospective nature of the study, informed consent for data collection was waived, and all

patient data were anonymized to ensure confidentiality.

Results

Demographic and Participant Details (Table 1)

The study population consisted of 34 participants, with a majority being females (61.8%)
compared to males (38.2%). The average age of the participants was 49.25 years, indicating
that middle-aged individuals were the predominant group affected by distal tibial fractures.
The distribution of gender and age reflects the typical demographics of patients presenting
with these types of fractures, aligning with known risk factors such as bone fragility and

accident prevalence in this age group.

Table 1: Demographic and Participant Details

Parameter Details
Total Participants 34
Male Participants 13
Female Participants 21
Average Age (years) 49.25
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Functional and Radiological Scores Over Time (Table 2)

The VAS scores showed a significant reduction from 7.2 at 1 month to 4.5 at 3 months and
1.8 at 6 months, with a p-value < 0.001. This indicates a substantial decrease in pain levels as
the recovery progressed, demonstrating the effectiveness of MIPO in achieving pain relief
postoperatively. The AOFAS scores exhibited a significant improvement from 62.3 at 1 month
to 80.4 at 3 months and 92.1 at 6 months, with a p-value of 0.002. These results highlight the
progressive functional recovery, showcasing the ability of MIPO to restore mobility and

functionality in patients over time.

In contrast, the Rasmussen radiological scores remained relatively stable, with minor
variations from 14.8 at 1 month to 14.6 at 3 months and 14.7 at 6 months. The p-value of
0.637 indicates no statistically significant change in radiological outcomes during the follow-
up periods. This consistency suggests that the fracture alignment and bone healing achieved

through MIPO were well-maintained throughout the recovery phase.

Table 2: Functional and Radiological Scores Over Time

Follow-Up Period | VAS Score | AOFAS Score | Rasmussen Score
(Months) (Mean) (Mean) (Mean)

1 7.2 62.3 14.8

3 45 80.4 14.6

6 1.8 92.1 14.7

Statistical Significance of Outcomes (Table 3)




198 The statistical analysis showed a significant decrease in pain levels (VAS scores) and
199  significant improvements in functional outcomes (AOFAS scores) over the follow-up
200 periods. The lack of significant changes in the Rasmussen scores reflects the stability of
201 radiological outcomes, indicating that initial surgical alignment was effective and maintained

202  throughout the recovery process.

203 Table 3: Statistical Significance of Outcomes
Parameter p-value Interpretation
VAS Score <0.001 | Significant decrease over time

AOFAS Score 0.002 Significant improvement

Rasmussen Score | 0.637 No significant difference

204

205  Fracture Union Time (Figure 1)

206  The average union time of 12 weeks aligns with standard expectations for bone healing in
207  tibial fractures managed with minimally invasive techniques. This finding underscores the
208  effectiveness of MIPO in promoting timely and successful fracture healing while minimizing

209  soft tissue disruption.
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Figure 1: Fracture Union Time
Discussion

Distal tibial fractures pose significant challenges in orthopedic surgery due to their complex
anatomical structure, proximity to the ankle joint, and the potential for soft tissue
complications. The choice of treatment modality is critical for achieving optimal functional
and radiological outcomes [4]. This study evaluated the effectiveness of minimally invasive
plate osteosynthesis (MIPO) in managing distal tibial fractures, focusing on pain reduction,
functional recovery, and fracture healing. The results demonstrated significant improvements
in pain and functional scores, stable radiological outcomes, and timely fracture union,

supporting the efficacy of MIPO in this context.
Pain Reduction and Functional Recovery

The study observed a significant reduction in pain levels, as indicated by the decline in VAS
scores from 7.2 at 1 month to 1.8 at 6 months. Pain relief is a critical component of fracture
management, directly influencing patient satisfaction and rehabilitation outcomes. Previous

studies have highlighted the advantages of MIPO in reducing postoperative pain due to its
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minimal disruption of periosteal blood supply and soft tissue integrity [12,13]. The
technique’s preservation of the biological environment around the fracture site likely

contributed to the observed pain reduction in this study.

Functional recovery, measured using the AOFAS score, showed a significant improvement
from 62.3 at 1 month to 92.1 at 6 months. These results align with findings from similar
studies, which reported superior functional outcomes with MIPO compared to traditional
open reduction and internal fixation (ORIF) [12,14]. The indirect reduction method employed
in MIPO minimizes soft tissue damage and preserves vascularity, facilitating early
mobilization and functional restoration. Moreover, the stable fixation provided by MIPO
allows for weight-bearing activities sooner than other techniques, enhancing overall recovery

[13].

AOFAS Scores at Three Months

The mean AOFAS score at three months in this study (62.3) was lower compared to other
studies, such as Illur et al. [15] (74.39) and Guo et al. [16] (83.90), and significantly lower
than Collinge et al. [17], which reported a score of 85.00. This discrepancy could be
attributed to differences in patient demographics, fracture severity, or rehabilitation protocols.
Notably, Jeevo et al. [1] reported a similar mean score of 74.46, indicating that outcomes in
this study might reflect variations in sample characteristics, such as the proportion of

complex or severe fractures.

AOFAS Scores at Six Months

By six months, the mean AOFAS score in this study improved to 92.1, which closely aligns
with the findings of Jeevoet al.[1] (92.43) and Paluvadi et al. [18] (95.06). Ahmad et al. [19]
and Guo et al. [16] reported scores of 88.80 and 83.90, respectively, which were lower than

this study. Kariya et al. [20] reported the lowest score of 79.80. The comparable results at six
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months suggest that the MIPO technique employed in this study facilitated functional

recovery similar to or better than other surgical approaches reported in the literature.

The relatively lower scores at three months compared to other studies may indicate a delayed
functional recovery in the early postoperative phase. This could be influenced by stricter
rehabilitation protocols, patient adherence, or a higher prevalence of severe fracture types.
However, the near-comparable scores at six months suggest that patients in this study
achieved significant functional improvements over time, consistent with studies employing

MIPO or similar minimally invasive technigues.

The significant improvement from three to six months in this study reflects the effectiveness
of MIPO in providing stable fixation and allowing for gradual recovery of mobility and pain-
free function. The comparable six-month scores with studies like Paluvadi et al. [18] and
Jeevo et al. [1] highlight the technique’s capability to achieve long-term functional outcomes

comparable to other well-established methods.

These findings emphasize the importance of time in functional recovery following distal
tibial fractures treated with MIPO. While early postoperative outcomes may vary due to
patient or procedural factors, the technique's long-term effectiveness is well-supported. The
consistency of six-month scores with other high-quality studies suggests that MIPO is a

reliable option for achieving favorable functional recovery in distal tibial fractures.

Radiological Outcomes and Fracture Healing

The Rasmussen radiological scores remained consistent across the follow-up periods, with no
significant changes observed. This stability underscores the ability of MIPO to achieve and
maintain proper fracture alignment and joint congruence. Radiological outcomes are a crucial
determinant of long-term functionality, as malalignment or joint incongruity can lead to post-

traumatic arthritis and compromised mobility. The study’s findings are consistent with prior
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research demonstrating the efficacy of MIPO in achieving satisfactory radiological results

[21].

The average fracture union time of 12 weeks observed in this study is comparable to that
reported in the literature for similar fractures managed with MIPO [22]. The biological
advantage of preserving periosteal circulation and minimizing soft tissue trauma likely
accelerated the healing process. Studies have emphasized the role of biological preservation
in promoting osteogenesis and reducing the risk of delayed union or non-union [23].
Additionally, the use of locking plates in MIPO provides angular stability, which is
particularly beneficial in fractures near the metaphysis, where conventional screws may fail

[24].

Clinical Implications

The significant improvements in pain and functional outcomes observed in this study have
important clinical implications. Effective pain management is crucial for early rehabilitation,
which in turn facilitates functional recovery. The results suggest that MIPO enables patients
to achieve early mobilization and regain functional independence, reducing the overall

burden of prolonged immobility.

The stability of radiological outcomes further emphasizes the reliability of MIPO in
maintaining fracture alignment and promoting healing. This is particularly important in distal
tibial fractures, where malalignment can have long-term consequences on joint function and
patient quality of life. The study’s findings support the use of MIPO as a first-line treatment
for these fractures, particularly in patients with minimal soft tissue damage or those at high

risk of wound complications.

Limitations and Future Directions
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While the study provides valuable insights into the effectiveness of MIPQO, it is not without
limitations. The retrospective design limits the ability to control for confounding variables,
such as variations in surgical technique or postoperative rehabilitation protocols.
Additionally, the sample size of 34 patients, while adequate for statistical analysis, may not
fully represent the diversity of fracture patterns and patient characteristics encountered in

clinical practice.

Future studies should consider a prospective design with larger sample sizes and longer
follow-up periods to validate these findings. Comparative studies involving other treatment
modalities, such as ORIF and IMN, would provide a more comprehensive understanding of
the relative advantages and disadvantages of each technique. Additionally, investigating
patient-reported outcomes, such as quality of life and satisfaction, would offer a holistic

perspective on the impact of MIPO on patient recovery.

Conclusion

This study demonstrated the efficacy of MIPO in managing distal tibial fractures, with
significant improvements in pain relief and functional recovery, stable radiological outcomes,
and timely fracture union. The technique’s ability to preserve the biological environment
around the fracture site while providing stable fixation underscores its advantages over
traditional methods. MIPO is particularly suited for distal tibial fractures, where maintaining
alignment and minimizing soft tissue trauma are critical. Future research should focus on
long-term outcomes and comparative studies to further establish the role of MIPO in the

management of tibial fractures.
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