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ABSTRACT 

Introduction: Ankle sprains are a common injury affecting millions of people worldwide. 

While many cases are mild, they can lead to chronic joint instability, functional limitations and 

an increased risk of recurrence. Sprains most commonly involve the lateral ligaments of the 

joint, particularly ATFL, and in more complex cases, may also affect other structures, resulting 

in the high treatment costs.  

Aim: The aim of this article is to present modern methods of diagnosis, treatment and 

rehabilitation of ankle sprains, including innovative therapies and technologies that support 

recovery.  

Methods: A search of PubMed, Web of Science and Google Scholar was conducted. Included 

were randomized controlled trials, systematic review and meta-analyses of ankle sprain 

treatment and rehabilitation strategies. 
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Results: An ankle sprain, if not treated properly, can lead to chronic instability, functional 

limitations and the risk of recurrence. Early diagnosis, intervention are crucial. Modern 

therapeutic methods such as micro-needle knives, electroacupuncture and rehabilitation robots 

offer promising treatment options. Integration of traditional methods with innovative 

technologies can speed up rehabilitation, improve joint stability and reduce the risk of 

recurrence.  

Conclusion:  An ankle sprain, despite its initially mild nature,can lead to long term functional 

consequences. Early diagnosis and appropriate therapeutic intervention are crucial to minimise 

the risk of chronic instability and other complications. Modern diagnostic technologies and 

biological therapies are promising treatment options, accelerating the rehabilitation process and 

improving functional outcomes. However, these innovative methods require further research 

and verification of the reliability of the results obtained, as they are still in the early stages of 

development.  

Keywords:  Ankle sprain, diagnosis, treatment, rehabilitation, joint instability 

 

 

 

 

 

INTRODUCTION 

An ankle sprain is one of the most common musculoskeletal injuries. Even seemingly minor 

trauma can result in long-term consequences, including chronic pain, impaired range of motion 

and an increased risk of recurrence, which collectively affect millions of individuals each year. 

Moreover, according to research, half of all ankle sprains treated in American hospitals are not 

related to sport, indicating that this problem affects a much broader group of patients [1]. 

Despite the high prevalence of these injuries, their long-term effects are often underestimated, 

with chronic ankle instability (CAI) being one of the most frequent complications. Even when 

the range of motion is preserved, ankle sprains can lead to impairments in proprioception and 

balance, which increases the risk of repeated traumas and functional limitations. These findings 

emphasize the need for further research and a more comprehensive approach to the treatment 

[2,3]. Simultaneously, as the complexity of the injury increases, the expenses incurred by both 

patients and the healthcare system also rise. The mentioned costs encompass direct factors such 

as hospitalization, diagnostics, surgical treatment, and rehabilitation, along with indirect costs 
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related to lost productivity and temporary work incapacity [4].  The aim of this study is to 

review contemporary issues related to the treatment and rehabilitation of ankle sprains. The 

article focuses on the modern diagnostic methods, effective therapeutic strategies and the 

prevention of recurrence of traumas. The discussed topics include injury classification, the 

consequences of sprains, innovative therapeutic approaches, the role of rehabilitation and the 

impact of chronic injuries on patients' quality of life. Another purpose of this paper is to provide 

a comprehensive overview of the current state of knowledge on the treatment of ankle sprains 

and to identify areas requiring further research in this field.   

 

METHODOLOGY 

 

The review aims to synthesize current research on the diagnosis, treatment and rehabilitation of 

ankle sprains, as well as their impact on long-term joint function and overall patient health. A 

literature  search was conducted in the PubMed, Web of Science, and Google Scholar databases. 

The keywords used were: ankle sprain, diagnosis, rehabilitation, joint stability, treatment 

methods, biological therapies, modern rehabilitation technologies, and ankle pain. A total of 69 

relevant publications were identified. The structure of the review allowed for the selection and 

synthesis of the results of the available studies. As a narrative review, the study does not include 

a formal assessment of methodological quality or meta-analysis. However, methodological 

diversity and significance of the analyzed materials were taken into account when interpreting 

the results.   

 

LITERATURE REVIEW 

 

Anatomical Structure, Mechanisms and Classification of Ankle Sprains 

 

Ankle sprains are among the most common musculoskeletal harms. Their correct classification 

is crucial for accurate diagnosis, prognosis and optimal therapeutic strategy. Therefore, this 

chapter discusses the mechanisms of injury, the anatomical structures involved and the degree 

of soft tissue damage. The ankle joint is one of the most injury-prone joints in the body, 

particularly as a result of sprains, which can damage its stabilising structures. A crucial element 

responsible for maintaining the stability of the ankle joint is the ligament complex, which 

controls its mobility in various planes [5,6]. This structure includes the anterior talofibular 

ligament (ATFL), the calcaneofibular ligament (CFL) and the posterior talofibular ligament 
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(PTFL), which are the most commonly damaged during lateral sprains resulting from 

movements of the foot in the coronal and transverse planes [7]. The ATFL ligament is most 

often damaged during foot inversion combined with plantar flexion, while the CFL is damaged 

during excessive inversion, especially with dorsiflexion. Plantarflexion reduces the bone 

stability of the ankle joint, as the narrower part of the talus is then located in the acetabulum, 

which increases the joint's susceptibility to lateral forces [8].  

PTFL injury is rare and usually accompanies severe, complete lateral sprains or fractures 

causing joint instability [9].  

 

The next important complex is the tibiofibular syndesmosis complex , which consists of: the 

anterior inferior tibiofibular ligament (ATIFL), the posterior inferior tibiofibular ligament 

(PTIFL), the transverse ligament (TL) and the interosseous ligament (IO) [10]. High ankle 

sprains, though less common, account for 1-11% of all sprains and can lead to a significant joint 

instability and lower limb biomechanical dysfunction. The syndesmosis plays a crucial role in 

stabilizing the talocrural joint, maintaining the integrity of the joint mortise and the proper 

alignment of the talus under load [11]. At the same time, the medial side also ensures ankle 

joint stability, with the deltoid ligament being its key element. It is responsible for stabilisation 

in the superficial and deep layers, acting as an important joint stabiliser. Medial injuries occur 

in approximately 5% of isolated ankle sprains, but accompany as many as 40% of ankle 

fractures, which emphasises their clinical significance.  

 

The cause of an ankle sprain may depend on many factors, and ligament damage can range 

from microscopic stretching to complete rupture. In order to determine the severity of the injury, 

predict the prognosis and select the appropriate treatment method, a classification system is 

used that distinguishes between three degrees.  

I (mild)- microscopic ligament strain, slight pain, minimal swelling, no instability and ability 

to bear weight on the limb. 

II (moderate)- partial ligament tear, moderate pain and swelling, slight instability and difficulty 

bearing weight on the foot.  

III (severe) - complete ligament rupture (most often ATFL and CTL), severe pain, significant 

swelling, marked instability, often to bear weight on the limb and coexisting syndesmosis 

damage or minor avulsion fractures [13].  
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The Cascade of Pathophysiological Changes After Ankle Sprain 

The swelling and restricted range of motion dominate in the initial phase of an ankle sprains. 

These factors are typically assessed by medical personnel subjectively. Physical examination 

remains one of the most reliable diagnostic methods, demonstrating a sensitivity of 96% and a 

specificity of 84%. Samer Mabrouk and co-workers introduced an innovative mobile diagnostic 

system that employs bioimpedance and motion sensors for the non-invasive monitoring of 

swelling and the condition of the ankle joint tissues following injury [14]. 

This system shows great potential for precise tracking of tissue regeneration processes and 

supporting decisions regarding treatment and rehabilitation. In addition, haematoma and pain 

often occur  after ankle sprains. Interestingly, if these symptoms persist for more than two 

weeks, the risk of chronic complaints increases, which can last up to nine months after the injury 

[15]. Even minor injuries can trigger a cascade of biochemical changes within the joint, 

initiating a domino effect, as described by M.Dalmau-Pastor and co-workers. Microfractures of 

the cartilage on the dome of the talus occur frequently during inward inversion of the foot, 

disrupting the function of the ligaments and muscles, which subsequently leads to chronic 

instability and further injuries [16]. The peroneal tendons, which stabilize the rearfoot, can also 

be torn and eversion activated. These injuries often heal slowly and are often underdiagnosed, 

emphasizing the importance of thorough and appropriate rehabilitation [17]. 

 

All injuries associated with actual ligament laxity or excessive joint mobility, which can be 

confirmed through imaging or physical tests, are classified as mechanical ankle instability. 

However, attention should also be given to functional ankle instability (FAI), which is 

characterized by a subjective feeling of foot “wobbling” and deficits in neuromuscular control, 

despite the preserved integrity of the anatomical structures. FAI is particularly evident when 

walking on uneven terrain, running, or performing lateral movements and is associated with 

compensatory changes in the mechanics of the foot, hips and pelvis, as well as a significant 

slowing of gait and more cautious movement. This complication suggests that effective 

rehabilitation should address not only the ankle joint but also the entire movement patterns of 

the  lower limb [18,19]. Functional ankle instability (FAI) results from several coexisting 

deficits: proprioception disorders [2], impaired ability to assess the position of the foot in space 

due to damaged joint and ligament receptors, neuromuscular control deficits [20], including 

slowed stabilisation reactions and weakness of the peroneal muscles and limited dynamic 

stabilisation, which makes it difficult to maintain balance when changing direction or running, 

increasing the risk of recurrent injuries [21]. 
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Chronic complications of ankle sprains include both recurrent injuries and long-term joint 

dysfunction. Recurrent sprains are a consequence of functional and/or mechanical instability, 

often leading to the development of chronic ankle instability (CAI) [22]. Patients with chronic 

injuries also experience ankle degeneration (post-traumatic osteoarthritis),which can occur 

years later, especially as a result of repeated injuries or untreated sprains [23]. Long-term effects 

also include chronic pain in the lateral part of the joint, limited range of motion and overload 

of adjacent joints, such as the knee or hip, resulting from altered gaii biomechanics. This is why 

hip strengthening exercises can improve balance and function in patients with chronic ankle 

instability, counteracting the effects of altered gain biomechanics [24,25].  

 

Diagnostic  

 

 Physical diagnosis plays a fundamental role in the early assessment of ankle ligament injuries, 

enabling rapid identification of the injury before imaging tests are performed. Basic tests 

include palpation of the ligaments, anterior drawer test, assessment of joint mobility, tenderness 

and weight-bearing capacity [26]. None of the tests simultaneously achieve high sensitivity and 

specificity (>90%). Palpation of the anterior talofibular ligament demonstrates high sensitivity 

(95–100%), while the anterior drawer test has low sensitivity (54%) and high specificity (87%). 

Palpation of the calcaneofibular ligament shows variable sensitivity (49–100%) and low 

specificity (26–79%) [27]. The accuracy of physical examinations increases when they are 

performed several days after the injury (approximately 5 days) and in combination with a 

thorough clinical interview. The simplicity and availability of the tests mean that they can be 

used in hospital, outpatient and sports settings, making them a key tool in the early diagnosis 

of ankle sprains [26].  

 

Following palpation, the next diagnostic step is imaging, with X-ray (radiography) remaining 

the first-line diagnostic tool. The Ottawa Ankle Rules (OAR) are particularly useful in 

determining whether an X-ray is necessary to rule out fractures. These rules are based on criteria 

such as tenderness over specific bone points (e.g., 6 cm from the distal fibula, along the tibia, 

the navicular bone or the base of the fifth metatarsal), inability to bear weight on the affected 

limb (e.g., taking four steps) and other symptoms suggesting a fracture. The OAR has proven 

effective not only in adults but also in the pediatric population, reducing unnecessary 

radiographic orders, thereby minimizing radiation exposure and healthcare costs [28,29].  
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X-rays remain the primary tool for diagnosing fractures, but advanced imaging methods such 

as magnetic resonance imaging (MRI), computed tomography (CT) and ultrasonography are 

gaining importance in the assessment of soft tissue injuries of the ankle joint. 

MRI is considered as the ‘gold standard’ in the diagnosis of ligament, cartilage and other soft 

tissue injuries, offering high sensitivity in detecting injuries, although due to its cost and time-

consuming nature, it is mainly used in more complex cases [30]. MRI, especially in its three-

dimensional (3D) and contrast-enhanced (MR Arthrography) versions, is becoming an 

increasingly advanced diagnostic method, enabling more precise assessment of micro-damage 

to ligaments and changes in joint cartilage structures [31]. Computed tomography, including 

cone beam computed tomography (CBCT), is an effective tool for assessing fractures, offering 

the advantage of reduced radiation exposure compared to traditional tomography [32]. The 

combination of computed tomography (CT) with single photon emission computed tomography 

(SPECT/CT) allows for the simultaneous assessment of anatomical structures and tissue 

function. SPECT/CT can complement traditional imaging, especially when CT or MRI do not 

provide sufficient information about inflammatory processes or changes in bone metabolism 

[34].  

 

Ultrasonography, due to its speed, availability and low cost, is used in the diagnosis of ligament 

damage and can be useful in assessing whether patients require further diagnosis and, for 

example CT or MRI [35, 36, 37].  In addition, dynamic ultrasound examination, which involves 

assessing the joint during movement, can help detect damage that is not visible in standard static 

examinations [38]. Although USG is effective in diagnosing ligament damage, it has limited 

ability to assess deeper tissues such as cartilage or bone. For this reason, it is often used in 

combination with other imaging methods to obtain a more complete picture of structural 

damage to the ankle joint. Ultrasound is also helpful in monitoring the progress of treatment 

and rehabilitation [39]. Artificial intelligence (AI), including deep learning technologies, is 

becoming increasingly important in the diagnosis of ankle injuries, especially in the context of 

medical image analysis.  

 

Thanks to automatic image segmentation, AI enables rapid and accurate detection of ligament 

damage, fractures and degenerative changes, significantly reducing diagnosis time and 

increasing the accuracy of results. Although image quality remains a challenge, the growing 

number of public databases is conducive to the development of this technology. The integration 
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of AI with modern biomechanical systems that enable real-time motion monitoring opens up 

new possibilities for the prediction, prevention and treatment of ankle injuries, as well as 

allowing for more personalized healthcare [40,41,42].  

 

Treatment  

 

The main goal of early treatment after an ankle sprain is to reduce pain and swelling of soft 

tissues. In clinical practise, the RICE protocol (rest, ice, compression and elevation) is often 

used in the acute phase of injury, especially in the first 48-72h hours after injury, but the 

available scientific data do not provide clear evidence confirming the effectiveness of this 

method as a standalone intervention [43,44]. Non-steroidal anti-inflammatory drugs (NSAIDs) 

are commonly used to treat ankle sprains because they effectively relieve pain and swelling 

[45]. In the acute phase, their short-term use is justified as it helps to alleviate symptoms, 

speeding up rehabilitation and improving patient comfort [46]. In cases where NSAIDs are 

contraindicated, paracetamol or opioids are used as alternatives, which relieve pain but do not 

have an anti-inflammatory effect [47]. 

 

Functional treatment involves stabilising the ankle joint while maintaining controlled 

movement, which promotes a faster return to activity and reduces swelling, whereas 

immobilisation completely restricts movement, providing full protection for the ligaments but 

potentially leading to joint stiffness [48]. Although clinical studies suggest the superiority of 

functional treatment in terms of faster return to activity and less need for rehabilitation, a meta-

analysis conducted by Vichez-Cavazos and colleagues found no significant differences between 

functional treatment and immobilisation in terms of pain and joint function. The choice of 

method should therefore be tailored to the individual, taking into account patient comfort, the 

risk of complications and the extent of the injury [49].  

 

Surgery is recommended when, after 3-6 months of conservative treatment, the symptoms of 

chronic lateral ankle instability (CLAI) persist and imaging tests confirm changes in the joint. 

Surgery should also be considered in cases of concomitant osteochondral damage to the talus 

requiring repair of cartilage and bone tissue and damage to the ATFL and CFL ligaments 

requiring reconstruction to restore joint stability [50]. Depending on the extent of the damage, 

various surgical techniques are used to treat ankle instability. Standard anatomical repair 

according to Broström involves attaching the ATFL and CFL ligaments to the fibula, which 
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ensures long-term joint stability. Modifications to this procedure, such as the Gould and 

Karlsson techniques, further strengthen the ligaments, improving the durability of the repair. In 

cases of more severe damage, reconstruction using autologous or allogeneic grafts are 

performed, restoring the anatomical structure of the joint. Non-anatomical reconstructions, e.g. 

using the peroneus brevis tendon, are less commonly used due to the limitation of range of 

motion. Alternatively, arthroscopic ligament repair is a minimally invasive method, reducing 

the risk of complications and shortening recovery time [51,52,53].  

 

Biological therapies for treating ankle sprains, such as platelet- rich plasma (PRP) stem cells, 

hyaluronic acid and physiotherapy techniques, are gaining importance in clinical practice [54]. 

PRP accelerates the healing of ligaments and soft tissues, reducing pain and inflammation [55]. 

Stem cells support the regeneration of damaged tissues, improving joint stability. Hyaluronic 

acid improves joint lubrication, supporting cartilage regeneration and reducing pain [56]. 

Physiotherapy therapies, such as shock wave and ultrasound, accelerate repair processes [57,58]. 

Gene therapy, although still in the research phase, promises further possibilities for stimulating 

ligament and cartilage regeneration [59].  

 

Rehabilitation 

 

Rehabilitation after an ankle sprain aims to restore proper joint function and improve the 

patient’s quality of life. Rehabilitation programmes include activities designed to increase joint 

mobility, strengthen muscles and reduce the risk of recurrence of injury [60]. However, the 

results of therapy can be ambiguous for several reasons. The observation period plays an 

important role- in the short term, patients may feel improvement without specialist 

rehabilitation, while the benefits of exercise only become apparent after several months. In 

addition, the diversity of injuries, the lack of standardized rehabilitation programmes and the 

subjective feelings of patients influence the interpretation of results, and methodological errors 

in studies can lead to contradictory conclusions [61].  Despite these limitations, rehabilitation 

remains a key element in returning to full fitness and preventing further injuries,  as confirmed 

by numerous scientific reports [62]. Proprioceptive training is particularly important, as it 

improves the body’s ability to detect changes in joint position and muscle tension in space. 

These types of exercises increase ankle stability, improve movement control and reduce the risk 

of recurrent sprains [63].  

 



11 

Virtual reality (VR)- based rehabilitation programmes show promising potential in the 

treatment of ankle injuries, offering a safe and effective approach. Nevertheless, there is a need 

for studies of higher methodological quality, as most of the available evidence is of low or 

moderate quality, which limits the certainty of the results and their application in clinical 

practice [64,65]. Ankle rehabilitation using robots, including Parallel Ankle Rehabilitation 

Robots (PARR) systems, is becoming an increasingly important therapeutic tool. Advanced 

technologies enable precise reproduction of ankle movements, supporting the rehabilitation 

process by improving proprioception, muscle strength and range of motion. Despite promising 

results obtained in studies on prototypes of these devices, further clinical research and 

optimisation of design and control strategies are necessary to fully exploit their potential in 

clinical practice [66].  

 

Microneedle knife therapy (MNK) is an effective alternative or supplement to traditional 

physiotherapy in the treatment of acute ankle sprains. Compared to acupuncture, MNK offers 

faster and more effective release of tension in the superficial fascia, which translates into faster 

pain relief and improved joint function immediately after treatment. Although both methods 

produce similar results in the long term, MNK is more effective in the immediate post-injury 

phase, making it a valuable tool to support rehabilitation [67].  

Acupuncture, and especially acupressure, is also an effective method of  accelerating 

rehabilitation, reducing swelling, relieving pain and improving range of motion, which has a 

positive impact on patients’ quality of life and supports the recovery process [68]. 

Electroacupuncture, which combines traditional acupuncture with the application of electrical 

current, is currently being developed as a treatment for acute ankle sprains. Research on this 

method focussed on comparing its effectiveness with placebo acupuncture and standard method 

such as rest and ice packs. Preliminary results indicate that electroacupuncture may reduce pain 

and swelling and support the restoration of foot function, making it a promising therapeutic tool 

in the rehabilitation of ankle sprains [69]  

 

Discussion  

 

In summary, ankle sprains are injuries that can have serious, long-term consequences for the 

patient’s health, especially when not treated properly. Although most sprains are treated 

conservatively and effectively, it is crucial to provide patients with a comprehensive diagnosis, 

an individually tailored treatment plan and appropriate rehabilitation to minimise the risk of 
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recurrence and long-term complications. Rehabilitation should include not only improving 

ankle function, but also comprehensive work on the entire biomechanics of the lower limb to 

restore the patient’s full mobility.  

 

At the same time, the development of new diagnostic technologies and therapies, such as 

biological therapies and artificial intelligence-assisted methods, offers hope for more precise 

and effective treatment. Groundbreaking approaches to prevention, such as proprioception 

training and the use of rehabilitation robots, can help reduce the number of injury recurrences 

and improve patients’ quality of life.  Despite significant advances in the treatment of ankle 

sprains, many questions remain unanswered, particularly in the context of chronic instability 

and the long-term effects of injuries. Therefore, it is necessary to continue research in these key 

areas to gain a better understanding of the effectiveness of therapies and to develop increasingly 

personalised approaches to treatment.  

 

Finally, this article emphasises the importance  of understanding the full nature of ankle sprains- 

not just an injury, but as a problem that, if not treated properly, can lead to chronic discomfort 

and significant limitations in the patient’s functioning. I encourage further research to help 

optimize methods of diagnosis, treatment and rehabilitation, as well as to raise awareness 

among patients and health professionals.  

 

Conclusion  

Ankle sprains can lead to long-term issues like instability and functional limitations if not 

properly treated. Early diagnosis and modern therapies offer promising outcomes. 

Rehabilitation focused on proprioception is key to recovery and preventing recurrence. Ongoing 

research is needed to refine these approaches and better understand the long-term effects of 

ankle sprain. Comprehensive care is essential for optimal recovery and minimizing future risks.  

 

AI 

In the study, AI was used to improve the language of the manuscript, ensuring consistency and 

compliance with scientific standards. After using this tool, the authors reviewed and edited the 

content as necessary, taking full responsibility for the substantive content of the publication. 
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