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Abstract.  Tibiofibular fractures are often complex and involve both bone and soft tissue
structures, making accurate diagnosis essential for appropriate surgical planning and better
recovery outcomes. This paper explores current diagnostic techniques of complex
tibiofibular fractures, particularly focusing on the application and advancement of CT and
MRI imaging. The results of this paper show that conventional X-rays have significant
shortcomings in terms of diagnostic sensitivity and accuracy. Multidetector computed
tomography (MDCT) with three-dimensional (3D) reconstruction significantly improves
fracture classification and spatial visualization, whereas magnetic resonance imaging (MRI)
enhances soft-tissue and ligament assessment, further illustrating the importance of
multimodal diagnostic planning for complex tibiofibular fractures. In addition, artificial
intelligence-based image interpretation and CT-MRI fusion techniques show potential for
improving diagnostic accuracy, speeding up processing, and evaluating outcomes. By
evaluating the advantages and limitations of current techniques, this paper aims to provide a
foundation for future developments in the precise and efficient diagnosis of complex
tibiofibular fractures.
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1. Introduction

Complex tibiofibular fractures are among the most troubling orthopedic injuries to diagnose and
manage in sports medicine, especially when involving open fracture, comminuted fracture, or intra-
articular extension. Accurate and precise imaging is crucial throughout the whole process of
treatment, from initial diagnosis and surgical planning to postoperative examination and
rehabilitation. Although traditional X-ray imaging, which is widely available in hospitals, is
effective and efficient, it often fails to display details like fracture lines or ligament structures. Thus,
occult fractures and soft tissue damage may not be discovered by X-ray images. In response,
computed tomography (CT) and magnetic resonance imaging (MRI) have emerged as essential
diagnostic tools in diagnosing and managing these complex injuries.

CT has become the primary tool for analyzing bone structure, providing high-resolution images
that improve doctors’ understanding of fractures and aid in 3D reconstruction. CT imaging is very
important for preoperative planning, as it can display the exact location of small bone fragments,



Proceedings	of	ICBioMed	2025	Symposium:	AI	for	Healthcare:	Advanced	Medical	Data	Analytics	and	Smart	Rehabilitation
DOI:	10.54254/2753-8818/2025.AU26554

89

and doctors can also use CT to better align the fracture site, resulting in faster healing after
treatment. MRI also plays a crucial role as it provides a visual representation of ligaments, soft
tissues, and cartilages, which is particularly important in detecting occult fractures, evaluating
postoperative healing, and observing the recovery of soft tissues and ligaments after surgery. The
combination of CT and MRI greatly improves the accuracy of diagnosis. According to a research
paper of CT-MRI combining diagnosis on hip injuries, CT and MRI techniques had 65.5% and
74.1% positive rates, respectively, while the positive rate of combining diagnosis of these two was
91.4%, which is huge progress compared to individuals [1]. Such a combination of diagnosing
techniques is called multimodal diagnosis.

A perfect instance proving the advantages of multimodal diagnosis is the 2014 injury of NBA all-
star player Paul George. Paul George suffered a complex tibiofibular fracture in a scrimmage for the
USA team. His improper landing posture resulted in an open fracture of his right lower leg,
accompanied by serious muscle and ligament tears. Doctors developed a surgical and rehabilitation
plan for him based on CT and MRI scans. George has had a successful elite-level return-to-play
supported by the powerful medical technology and his own efforts [2]. This illustrates how essential
multimodal diagnosis is when facing complex tibiofibular fractures.

However, CT and MRI are often used alone due to resource limitations and time constraints.
Emerging technologies, such as CT-MRI fusion and AI-auxiliary recognition, promise a prospect of
diagnostic technology in the future. Inspired by Paul George’s case, this paper analyzes various
diagnostic tools, and it aims to support developing more effective and more accurate techniques that
optimize the treatment process from injury diagnosis through to rehabilitation, and ultimately
enhance performance for patients recovering from complex tibiofibular fractures, especially for
athletes.

2. Clinical diagnostic challenges and needs of tibiofibular fractures

2.1. Classification of tibiofibular fractures

Tibiofibular fractures include a variety of injury patterns and clinical conditions. Effective diagnosis
and management depend not only on examining the presence of a fracture, but also on classifying its
type, evaluating its severity, and detecting soft tissue damage. A comprehensive classification
system consists of multiple dimensions: whether to pierce the skin or not, soft tissue involvement,
fracture morphology, and joint stability.

Tibiofibular fractures can be classified in terms of whether to pierce the skin or not, which is also
known as an open/closed fracture. Open fractures are more severe, as the infection risk increases and
complications are more likely to appear, while closed fractures are easier to heal. This perspective
helps clinicians decide whether or not to take a surgery and inject antibiotics. Additionally,
tibiofibular fractures are also described by their morphology, including transverse, angled, spiral,
comminuted (broken into small fragments), or avulsion fractures. This type of classification can
explain the injury mechanism of patients and determine the form of fixation imposed on the bone.
Furthermore, tibiofibular fractures can be sorted based on their location, including fractures in the
proximal 1/3, middle 1/3, and distal 1/3 of the tibia. In this classification method, different types of
fractures can inform doctors of postoperative complications, such as osteofascial compartment
syndrome. All fracture types in various classification methods may occur in tibiofibular fractures,
which is why they are called complex tibiofibular fractures.
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2.2. Requirements of imaging techniques and defects of traditional X-ray imaging

Clinicians hope to observe not only the details of the fractures and fracture lines for treatment
planning, but also the presence of soft tissue and ligament damage or intra-articular extension, for
assessing the condition of the injured. Misdiagnosis may cause improper treatment, persistent pain,
or long-term effects.

Although X-ray imaging remains the main diagnostic technique due to its efficiency and
availability, it has inevitable limitations. Standard 2D radiographs might fail to capture the details of
tibiofibular fractures, such as slight displacement, soft tissue damage, or ligament involvement. A
study on spiral tibial shaft fractures that may involve posterior malleolus (PM) injury shows the
shortcomings of X-ray. In this study, 50 patients with tibial fractures took both X-ray and CT
imaging, among whom 25 were determined to have additional PM fractures by CT. However, the
detection rate of PM fracture was only 36.5% on average through a single 2D X-ray imaging
technique. The more worrying thing is that in a group of clinicians who were not aware of the high
incidence rate of PM fractures, only 17% of the injuries were identified by them. Even if another
group of doctors were reminded to be careful with PM injuries, the detection rate improved to only
56%, and there were still nearly half of the injuries missed. In table 1, “PM fractures diagnosed”
refers to the 25 patients who were determined to have a PM fracture in the CT imaging. “False
positives” refers to the 25 patients who were not detected to have a PM fracture. The p-values are all
lower than the significance level. The result clearly demonstrates that X-ray imaging lacks the
sensitivity required for accurate diagnosis of spiral tibiofibular fractures [3].

Table 1. PM fractures diagnosed by traditional X-ray [3]

Group 1(Not aware of high PM fracture
incidence)

Group 2(Aware of high PM fracture
incidence)

PM fractures
diagnosed 4.25±3.77/25 14±0/25

False positives 0.5±0.5/25 2.5±1, 29/25
Sensitivity for X-ray 0.17 0.56
Specificity for X-ray 0.98 0.90
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Figure 1. The comparison between X-ray images and CT images of the posterior malleolus fracture
[3]

The comparison between X-ray images and CT images is shown from top to bottom in Figure 1.
The image results indicate that, due to the fact that X-rays are 2D images, PM structure is obstructed
by other bones and ligaments, making it difficult to distinguish whether there is a fracture. However,
the presence of fracture lines can be seen in CT images. Another research study enrolled 67 patients
who had an ankle joint problem. They did both X-ray and CT in three views and clinicians needed to
assess whether there was a fracture without observing the CT images. Their findings, compared with
CT findings, had an about 40% misdiagnosis rate. Thus, the researchers suggested that X-ray has a
much lower accuracy for complex ankle injuries [4]. The ankle joint is located at the end of the tibia
and is connected to the tibial condyle, so the study of ankle fractures applies to tibiofibular fractures.

2.3. Analysis and suggestion based on the case of Paul George

The injury to Paul George, which is a severe tibiofibular open fracture on his right lower leg,
demonstrates the importance of a comprehensive and accurate diagnosis. Although specific images
were not published, the complexity and severity of the injury, indicated by obvious bone
deformation of his shank, likely require CT imaging for bone 3D reconstruction and MRI imaging
for ligament and soft tissue evaluation. A single traditional X-ray image cannot provide enough
information and conditions for doctors to make treatment plans and rehabilitation protocols. After
such a devastating injury, Paul George could still get to a highly competitive level. This case proves
that multimodal imaging weighs a lot in diagnosis, treatment, and readiness of return-to-play of
athletes. In conclusion, tibiofibular fractures require precise classification, accurate diagnosis, and
exact assessment of outcomes. The limitations of X-ray, especially in detecting complex or hidden
injuries, emphasize the need for more advanced techniques like CT and MRI. The case of Paul
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George reinforces this need, exemplifying how multimodal imaging supports successful recovery
from serious orthopedic trauma.

3. Clinical value of CT technique

3.1. Accuracy of multidetector CT in the diagnosis of tibiofibular fracture

Nowadays, the CT technique has become a popular and advanced field of research. With the
progress of technology, many different types of CT have been developed, which are classified by the
locations that need to be scanned and by different scan methods (e.g., dual-energy CT, multidetector
CT, cone-beam CT, etc.). For complex tibiofibular fractures, multidetector CT (MDCT) is the most
commonly used. Unlike previous CT systems, MDCT can obtain precise and thin slices that are less
than 1mm. This helps achieve rapid scan of volume, isotropic resolution, and multiplanar reformats.
Clinicians could analyze the bone structure from the view of sagittal, transverse, and coronal planes.

A study done with 20 patients who had pelvic fractures shows that MDCT has a 100% accuracy
in the diagnosis of pelvic fracture (See table 2). This research used a 16-layer scanner and 1mm slice
thickness to take 3D and multi-planar reconstruction. What should be noticed is that in the figure
(See Figure 2) below, the image on the left is a pelvic bone under X-ray, while the image on the right
is a photo of a pelvic bone taken by MDCT. Posterior acetabular wall fracture was not detected by
traditional X-ray at all. Instead, MDCT could clearly display that some small fragments were not
being at their position [5].

Table 2. Validity of MDCT in detecting pelvic fracture [5]

Diagnostic Parameter Value (%)

Sensitivity 100.0
Specificity 100.0

Positive Predictive Value (PPV) 100.0
Negative Predictive Value (NPV) 100.0

Accuracy 100.0

Figure 2. The comparison between X-ray images and MDCT images of the pelvic fracture [5]

3.2. Application of 3D reconstruction

3D reconstruction is the process that converts several 2D image slices into a 3D anatomical model.
It plays a crucial role in diagnosis, surgical planning, and operations. The 3D model can be
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displayed in various brightness, transparency, color, and frame, and it is able to be rotated, cut, and
measured from any angle. A recent study used MDCT and CBCT of 24 dry skulls to test the
accuracy and reliability of 3D reconstruction. The researchers used calipers measuring the size of
the skulls 21 times directly, and these data would be compared with the ones generated by the 3D
reconstruction model. As a result, there was no statistical significance between the value of direct
measurements and 3D model measurements, showing an outstanding accuracy. Table 3 below
provides data proving that MDCT makes accurate and precise anatomical measurements, which
supports the application of 3D reconstruction models in clinical settings. Here, only abbreviations of
locations are presented for a more direct and easier understanding. No statistically significant
differences were found between direct and MDCT-based measurements for all anatomical landmarks
(P-value > 0.05). Pelvic fractures are often complex, including tear fractures and open fractures,
which are very similar to tibiofibular fractures. Therefore, even though this study mainly focused on
the skull, the findings strongly agree in adopting MDCT 3D reconstruction to solve tibiofibular
fractures, for a better treatment plan and assessment [6].

Table 3. The comparison of direct measurement and 3D model measurement by MDCT [6]

Landmark Direct Measurement (mm) MDCT 3D Reconstruction Measurement (mm) p-value

Ba-Na 99.07±4.59 99.17±4.63 0.938
Ba-ANS 90.17±4.79 90.07±4.99 0.943

Na-A 56.37±2.98 56.50±2.93 0.879
Na-Me 120.19±5.50 120.21±5.37 0.991

Go-Co (Lt) 55.71±4.49 55.63±4.55 0.952

3.3. Analysis and suggestion on the application of CT technique in tibiofibular fractures

Computed Tomography (CT) has become the cornerstone of assessing and treating complex
tibiofibular fractures, and has significant advantages. MDCT, which is one of the common types of
CT, enables clinicians to visualize indistinct fracture lines, evaluate articular surface involvement,
and determine the spatial orientation of bone fragments via its ability to print high-resolution and
multi-planar images. Besides basic CT technique, 3D reconstruction is also a powerful tool for
doctors to make surgical plans. Instead of a plain image from a certain angle, 3D models created by
CT offer doctors a complete anatomical structure, with a study exemplified by this case study. In
2015, Dodd et al. used 3D reconstruction for a tibial plateau fracture’s preoperative planning, which
is also a kind of tibiofibular fracture. 3D reconstruction improved surgeons’ spatial perception and
confidence [7]. CT also benefits professional athletes. Paul George’s successful surgery was to some
extent achieved through precise and advanced CT technology. MDCT and 3D reconstruction are
strongly recommended in complex tibiofibular fractures, especially open fractures and comminuted
fractures. The use of CT in these settings improves both diagnostic accuracy and efficiency,
contributing to better outcomes for patients.

4. Clinical value of MRI technique

4.1. Function of MRI

Magnetic resonance imaging (MRI) plays an important supplementary role in the process of treating
a patient with a complex tibiofibular fracture. It is the best choice for assessing ligament, soft tissue,
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and cartilage damage, which might be overlooked or underestimated under CT/X-ray. In addition,
MRI is often used to exclude the possibility of other diseases and identify some missed and
misdiagnosed cases. A study on finding the superiority of MRI for evaluation of sacral insufficiency
fracture (SIF) used MRI, CT, and X-ray, respectively, to detect 77 patients. SIF is an occult fracture
that is not easy to discover. Once again, it should be noted that the MRI scanning of the spine is
essentially consistent with the scanning of the lower leg, so the interpretation of this study still has
profound significance for tibiofibular fractures. What this research found is that MRI had a 100%
sensitivity in this injury, while this value for CT and X-ray was 94.2% and 28.5%, worse than MRI.
Table 4 illustrates the data in this study. In conclusion, MRI is a superior diagnostic tool for occult
fracture [8].

Table 4. SIF diagnosis sensitivity of three techniques [8]

Technique Sensitivity p-value

X-ray 28.5% P<0.01 vs. CT & MRI
CT 94.2% P<0.01 vs. X-ray; p<0.05 vs. MRI

MRI 100% P<0.05 vs. CT

4.2. Analysis and suggestion on the application of MRI technique in tibiofibular fractures

Although MRI is not a primary tool for diagnosis, it is considered as an effective supplement to the
CT imaging for its various advantages mentioned above. Particularly, it is adopted to address joint
instability or postoperative complications such as joint effusion. Gorelik et al. did research to
support the long-term utility of MRI. In the systematic review of postoperative MRI surveillance of
musculoskeletal injuries, MRI was proven to effectively detect early soft tissues’ pathological
changes, emphasizing its advantages in monitoring healing and identifying subclinical abnormalities
[9]. This finding could be transferred to orthopedic traumas (complex tibiofibular fractures), where
MRI helps with discovering ligament scarring and slow recovery of soft tissues, etc. The open
fracture of Paul George must be accompanied by soft tissues as well, and MRI could be used
selectively in such cases with suspected soft tissue damage and postoperative complications during
rehabilitation.

5. Prospect of AI and multimodal diagnostic technology

With continued advancements in Radiography, the diagnosis of fractures, especially complex
tibiofibular fractures and such difficult bone fractures, is developing towards greater precision and
accuracy, higher efficiency, and better integration. Traditional X-ray, CT, and MRI all have their
benefits, but emerging innovations advocate combining their advantages at the same time
minimizing their disadvantages. Aayushi et al. reviewed 25 AI models that were used to classify and
detect fractures. Among them, convolutional neural networks (CNN) performed with an accuracy
ranging from 89% to 97%. Additionally, in some studies, AI even outperformed rookie doctors, and
it matched the performance of experienced clinicians. The average dealing time was less than 10
seconds per case, which does provide a lot of help in urgent trauma conditions. A deep learning
model has been trained for more than 10,000 images. Its sensitivity could reach 96.2%, and 93.4%
for specificity. For complex tibiofibular fractures, an AI model can do AO/OTA classifications,
reducing decision-making time [10]. Another area of progress is CT-MRI fusion technology, which
is a type of multimodal technique. It combines bone images with high resolution (CT) and vision of
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soft tissues (MRI) in a single workflow. In the clinical research of femoral neck injury patients, CT-
MRI fusion technique enabled better localization of bone fragments and a complete visualization of
surrounding tissues, far superior to using either of the two alone. The researchers noted that CT-MRI
fusion imaging reduced diagnostic ambiguity and improved overall accuracy in clinical settings [1].
It is also valid in complex tibiofibular fractures, as bone fragments and ligament injuries often co-
exist in such conditions. A combination of artificial intelligence and multimodal imaging has further
potential. Future systems may integrate data from CT and MRI into AI models, and automated 3D
construction and mock operations will presumably be invented to improve assessment of risk and
outcomes. All these emerging technologies will have significant breakthroughs in efficiency, speed,
accuracy, precision, and safety, which will have a profound impact on future medicine and might
even cause a medical revolution.

6. Conclusion

This paper has evaluated the diagnostic tools that are currently used in managing tibiofibular
fractures, focusing on the role of traditional X-ray, multidetector CT, 3D reconstruction, and MRI.
According to the research, traditional radiography has defects to some extent, while it is money and
time-saving. MDCT, especially when paired with 3D reconstruction, enhances the accuracy of
fracture classification and perfects the treatment planning by providing a detailed vision of bone
fragment displacement, fracture lines, and articular surface involvement. MRI, which helps with
diagnosis, offers high sensitivity in evaluating ligament, cartilage, and soft tissue damage. These
technologies complement each other and provide excellent advice for preoperative diagnosis,
treatment planning, and postoperative rehabilitation assessment of patients, which will help athletes
get a satisfying outcome and maintain a good condition when they return to the play. The results
suggest that CT and MRI techniques can reduce missed diagnoses and misdiagnoses, enhance
surgical precision, and shorten recovery time. In addition, the paper highlights the significance of
multimodal imaging through the example (Paul George’s case) of professional sports injury
management, where accuracy and rehabilitation timelines are critical due to the complexity and
severity of the injuries. Besides, emerging technologies such as AI-auxiliary interpretation of images
and CT-MRI fusion offer further hope. AI detection has also demonstrated accuracy comparable to
experienced doctors in identifying fracture types and processing images in a very short time.
Moreover, CT-MRI fusion has shown potential in combining bone and soft tissue insights into a
single diagnostic workflow, improving comprehensiveness and efficiency. Looking into the future,
diagnostic imaging in orthopedic injuries is moving toward greater intelligence, integration, and
personalization. These technologies are expected to play a role for clinicians not only in identifying
injuries, but also in simulating operative approaches, predicting complications, and making
rehabilitation plans. The combination of AI and multimodal imaging shows the future direction of
orthopedic diagnostics. Continued research, interdisciplinary collaboration, and persistent
experiments will be crucial to put innovation into practice, which will definitely promote the
development of medical imaging.
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