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Abstract 
Rotationplasty is a surgical procedure primarily used in cases of osteosarcoma and proximal focal femoral deficiency, offering an alternative to above-knee amputation, particularly in paediatric patients. Despite its unconventional aesthetic outcome, this procedure provides superior functional mobility and psychological well-being compared to traditional amputations. Postoperative rehabilitation plays a crucial role in optimising recovery and reintegration into daily life. Physiotherapy interventions, including active, passive, and proprioceptive neuromuscular facilitation techniques, contribute to joint mobility, muscular strength, and overall functional restoration. Additionally, scar mobilisation through cupping therapy and instrument-assisted soft tissue mobilisation (IASTM) reduces adhesions and enhances tissue flexibility. The rehabilitation process is structured into four phases: acute, subacute, early chronic, and late chronic. The acute phase prioritises limb protection and joint positioning, while the subacute phase focuses on increasing joint range of motion, core strengthening, and cardiovascular endurance. In the chronic phase, rehabilitation aims to restore functional movement, balance, and gait, ultimately facilitating a return to daily and sports activities. Electrotherapy is generally contraindicated due to patient age and the presence of metallic implants. A comprehensive, individualised physiotherapy programme significantly enhances post-rotationplasty recovery, improving quality of life and promoting independence. This paper underscores the importance of tailored rehabilitation strategies in maximising functional outcomes and long-term mobility following rotationplasty.
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Introduction 
	Rotationplasty is performed in patients with osteosarcoma of the lower limb, a condition more frequently encountered in children and adolescents, as it predominantly affects these age groups.
	Osteosarcoma is one of the most common primary malignant bone tumours in children and adolescents, accounting for approximately 3% of all cancers within this demographic. Its peak incidence occurs between the ages of 13 and 16. Studies indicate that osteosarcoma is more prevalent in boys than in girls. The most frequent localisation is the metaphysis of long bones, such as the distal femur, proximal tibia, and humerus (Cosnarovici R. V., Cernea D. M., Coliță A., Dragomir M. D., 2021).
	Children and adolescents are better candidates for rotationplasty as their bones are still growing. The reattached foot continues to grow in proportion with their development, allowing for greater adaptability in various activities. The child is then fitted with a specialised prosthesis in which the foot is inserted into the tibial segment of the device, enabling the ankle joint to perform the flexion and extension movements typical of the knee (Cleveland Clinic, 2021).
	The advantages of rotationplasty include the absence of phantom limb syndrome, preservation of bone growth potential, good functional outcomes, and a lower risk of complications (Kowalczyk, K., Jarząb, S., 2021). Phantom limb pain is characteristic of traditional amputations and can significantly hinder patient functionality and full engagement in physiotherapy programmes. This phenomenon arises due to peripheral nerve damage. In rotationplasty, the sciatic nerve and its branches remain intact, preventing phantom limb sensation (Kowalczyk, K., Jarząb, S., 2021).
	Additionally, rotationplasty preserves the epiphyseal cartilage responsible for longitudinal bone growth. When performed in young individuals whose ossification is incomplete, the operated bones can continue to grow alongside the child's overall development. During surgical planning, lower limb measurements are taken to estimate future bone length and the patient’s adult height upon full ossification. This ensures that the level of the rotated ankle joint aligns with the knee joint of the unaffected limb, eliminating the need for further surgical interventions (Kowalczyk, K., Jarząb, S., 2021).
	Numerous studies indicate that patients who undergo rotationplasty achieve high functional outcomes and participate in various sports activities, including tennis, horse riding, judo, athletics, and roller skating. Their functional results surpass those of patients with traditional lower limb amputations (Kowalczyk, K., Jarząb, S., 2021).
	A study by Akahane, which followed 21 patients with an average of 13.5 years post-rotationplasty, found no evidence of joint osteoarthritis or degenerative changes (Campbell, S., Orlin, M., Palisano, R., 2014).
	The primary disadvantages of rotationplasty include the limb’s unusual appearance, compensatory spinal deformities, and the risk of foot derotation. The greatest barrier to acceptance of this technique appears to be a lack of awareness (Krajbich J. I., Pinzur M., Potter B., Stevens P., 2016).
	One of the most frequent spinal compensatory deformities following rotationplasty is scoliosis. This results from the volumetric discrepancy between the two lower limbs and the initial adaptation period of walking with a prosthesis.
	When the procedure is performed in very young children (aged 3–4 years), foot derotation may occur, necessitating a corrective rerotation surgery. This derotation results from the spiral traction exerted by proximal and distal muscles on the osteotomy site. Concerns have also been raised regarding the long-term consequences of altered weight distribution on the ankle joint (Campbell, S., Orlin, M., Palisano, R., 2014).

Rotationplasty: Outcomes and Discussion
	Rotationplasty, or the Van Nes rotation, converts an above-knee amputation into a below-knee amputation. This procedure involves the removal of the distal femur and proximal tibia while preserving the neurovascular bundle. The tibia and foot are rotated externally by 180° and then reattached to the femur. This rotation allows the ankle joint to function as a knee joint. Over time, the range of motion and muscular strength of the ankle increase, while the toes undergo atrophy. The presence of a "knee joint" provides strength, stability, and gait control (Lin & Patel, 2013; Cañadell & San-Julian, 2009).
	In performing rotationplasty, it is crucial to ensure that the osteotomy is executed perpendicularly to the bone at the distal femur and proximal tibia (Ozger et al., 2022). This involves excising the distal third of the femur, encompassing the inferior and central portions of the femoral shaft, along with the entire distal epiphysis. The latter consists of the following anatomical structures: the medial and lateral femoral condyles, the medial and lateral epicondyles, and the intercondylar fossa (Ozger et al., 2022).
	Regarding the tibia, the osteotomy is performed at the proximal metaphysis, removing structures such as the medial and lateral condyles, the intercondylar eminence, and the tibial tuberosity. In certain cases, a longer segment of the tibia may be excised if the patient is near skeletal maturity and exhibits limited growth potential in the unaffected contralateral femur (Ozger et al., 2022).
	Furthermore, the patella is excised, while the proximal fibula does not require osteotomy unless a more extensive proximal tibial resection is performed, in which case proximal fibular osteotomy is recommended, particularly in very young children (Ozger et al., 2022).
	Tibiofemoral osteosynthesis is achieved using internal fixation devices such as an intramedullary rod or a plate secured with screws, with an average healing time of two months in children and three to four months in adults (Lin & Patel, 2013; Cañadell & San-Julian, 2009; Kowalczyk & Jarząb, 2021). The rotationplasty procedure entails the excision of the knee joint and its replacement with the talocrural (ankle) joint.
	All anatomical structures of the knee joint are removed during rotationplasty due to the localisation of osteosarcoma in this region and the resultant pathological involvement of the knee structures. Conversely, the hip (coxofemoral) joint and the ankle (talocrural) joint remain intact. The talocrural joint, a weight-bearing joint composed of the articulating surfaces of the talus and the distal epiphyses of the tibia and fibula, assumes a pivotal role postoperatively as it functions as the new knee (d'Hooghe & Kerkhoffs, 2014). Following rotationplasty, the ankle joint and its associated anatomical structures remain unaffected, playing a central role in postoperative function.
	The key muscles requiring resection and reattachment during the procedure include those of the thigh and calf. Intraoperatively, once all muscles of the affected lower limb have been severed, femur and tibia fixation is achieved using an osteosynthesis plate. Subsequently, the great saphenous vein is ligated, and the rectus femoris, vastus intermedius, and vastus medialis muscles are attached to the gastrocnemius, soleus, and toe flexor muscles. The biceps femoris and semimembranosus muscles are attached to the tibialis anterior muscle, while the semitendinosus muscle is connected to the extensor hallucis longus and extensor digitorum longus muscles. Additionally, the vastus lateralis is attached to the tibialis posterior, whereas the gracilis and sartorius muscles are linked to the peroneus longus and brevis muscles. Once all muscular attachments have been restored and the vascular and nervous structures have been preserved and rotated, skin closure is performed (Hydell, 2024).
	Following the procedure, the origin of the thigh muscles remains intact, while their insertion points are absent. Conversely, the origin of the calf muscles is excised, while their insertion sites are preserved. A study by Abbasi et al. (2021) entitled "Modified Rotationplasty as a Composite Free Flap for Femur and Thigh Reconstruction" demonstrated, via electromyographic analysis, that the overall activity of the calf muscles exhibited good coordination with the unaffected limb during both the stance and swing phases of gait, owing to the preserved relationship between agonist and antagonist muscles. This finding indicates the functional adaptation of the calf muscles to their new role (Abbasi et al., 2021).
	One of the most critical aspects of this procedure is the substantial preservation of the neurovascular system of the lower limb. Dissection primarily focuses on releasing the neurovascular structures within the segment designated for resection, which contains the tumour (Bernthal et al., 2014).
	In cases involving distal femoral resection, surgical intervention aims to preserve the femoral artery and vein, along with the sciatic nerve. For a proximal tibial tumour, maximal preservation of nerves such as the tibial nerve, deep and superficial peroneal nerves, saphenous nerve, and sural nerve is pursued, alongside the anterior and posterior tibial arteries and veins (Bernthal et al., 2014). Most surgeons sacrifice the peroneal vessels near the interosseous membrane due to the proximity of the tumour. Additionally, many opt to sacrifice the anterior tibial artery due to the complexity of dissecting its course between the proximal fibula and tibia. At the tibial level, neither the tibial nerve nor the peroneal branches contribute significantly to motor function in the final rotationplasty outcome; their primary role is sensory. Consequently, either may be sacrificed for oncological principles if necessary, provided sufficient sensory innervation remains in the foot to facilitate prosthetic use (Bernthal et al., 2014).

Classification of Rotationplasty Procedures
	Due to the variable localisation of osteosarcoma within different regions of the lower limb, clinicians have developed a classification system that divides the rotationplasty procedure into two principal categories: Type A and Type B. Each category is further subdivided into distinct subgroups (Winkelmann, W., 1996).
	Type A.I rotationplasty is indicated for malignant tumours located in the distal third of the femur. In contrast, Type A.II is designated for malignant tumours within the proximal region of the tibia (Winkelmann, W., 1996).
	Within the Type B subcategory, various forms of hip rotationplasty are included, further classified into the following types: Type B.I (hip rotationplasty for malignant tumours situated in the proximal femur without hip joint involvement), Type B.II (hip rotationplasty for malignant tumours in the proximal femur with involvement of the lower part or the entirety of the hip joint), and Type B.III, which refers to rotationplasty for tumours necessitating the complete resection of the femur. This category is subsequently divided into specific subcategories: B.IIIa for paediatric patients and B.IIIb for adults (Winkelmann, W., 1996), as illustrated in "Figure 1. Types of Rotationplasty."
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Figure 1. Types of Rotationplasty

	A rotationplasty prosthesis typically comprises multiple components, namely: a thigh cuff with leather straps, a cast resin socket that supports the rotated foot, medial and lateral metal hinges, a pylon, and a carbon foot. The thigh cuff is utilised to stabilise the newly formed knee joint. Before fitting the prosthesis, it is essential to place a cotton sock over the operated lower limb.
	The hinges connecting the socket and the brace are designed to bend in a manner that mimics the function of the knee joint while simultaneously supporting the ankle to facilitate movements ordinarily performed by the knee. The most common complications arising from excessive use of the prosthesis in daily activities include ankle pain and soft tissue damage. These adverse effects are primarily attributed to a poorly fitted prosthetic design, which leads to excessive strain on the ankle joint.
	Over time, numerous prosthetic models have been developed to enhance both the range of motion and overall comfort. (Morton, C., Mumford, M., Peterson, N., Veronie, A., & Kirkvold, H., 2019)

Biomechanics of the Lower Limb Following Rotationplasty
	The primary objective of this surgical intervention is to preserve the ideomotor representation of the knee joint by replacing it with the ankle joint. Consequently, knee flexion is substituted by ankle dorsiflexion, while knee extension is replaced by plantar flexion of the ankle. (Kowalczyk & Jarząb, 2021) Prior to surgery, the ankle joint typically exhibits 20°–25° of dorsiflexion and 45° of plantar flexion. (Kicsi, 2023) Following rotationplasty, passive, active, active-assisted, and resistance-based mobilisation techniques, followed by ambulation using a prosthesis, contribute to an increase in the range of motion of the ankle, enabling successful performance of daily activities. (Kowalczyk & Jarząb, 2021)
	The biomechanics of the hip joint remain unchanged, allowing for the execution of movements such as flexion, extension, abduction, adduction, internal rotation, external rotation, and circumduction. However, in cases involving Type B rotationplasty, where the hip joint is excised, only flexion and extension movements are preserved, while all other motions become impossible. (Kowalczyk & Jarząb, 2021)
	The coordination between the reattached muscles of the thigh and calf plays a crucial role in enabling the patient to achieve a high degree of mobility. Post-rotationplasty, dorsiflexion of the talocrural joint is facilitated by the biceps femoris, semimembranosus, semitendinosus, and tibialis anterior muscles, while plantar flexion is executed through the activity of the rectus femoris, vastus intermedius, vastus medialis, vastus lateralis, sartorius, gastrocnemius, and soleus muscles. This coordination effectively replicates the flexion-extension movement of the knee. (Murray et al., 1985)
	Additionally, the hip joint performs movements in all three planes, supported by a well-developed musculature. Hip flexion is primarily facilitated by the iliopsoas muscle, with accessory contributions from the sartorius, rectus femoris, gastrocnemius, and fibular muscles. Hip extension is achieved through the contraction of the gluteus maximus, gluteus medius, biceps femoris, semitendinosus, semimembranosus, and tibialis anterior. Abduction is carried out by the gluteal muscles, tensor fasciae latae, and piriformis, whereas adduction is executed by the pectineus, adductor magnus, adductor minimus, gracilis, and fibular muscles. Internal rotation is primarily facilitated by the gluteus medius and gluteus minimus, while external rotation is governed by the obturator externus, obturator internus, piriformis, superior gemellus, inferior gemellus, and quadratus femoris. (Buzescu, Anatomy and Biomechanics of the Major Joints of the Human Body, course material; Murray et al., 1985)
	A 2003 study titled Functional Outcome of Patients with Rotationplasty About the Knee by Fuchs, Kotajarvi, Kaufman, and Sim highlights that the range of motion of the pelvis, hip, and ankle in rotationplasty patients does not significantly differ from that of the general population. The most notable alteration in the kinematic pattern of rotationplasty patients was observed in the ankle joint, where the range of motion was slightly reduced at heel strike and toe-off. This limitation is attributed to the use of a Solid Ankle Cushioned Heel prosthesis, which restricts ankle mobility. (Fuchs et al., 2003)
	Similarly, the 1985 study Functional Performance after Tibial Rotationplasty, published in The Journal of Bone and Joint Surgery by Murray, Jacobs, Gore, Gardner, and Mollinger, examined two paediatric rotationplasty cases. The researchers measured active and passive joint range of motion, plantar flexor and extensor muscle strength, weight distribution between the prosthetic and intact limb in a standing position, gait and running patterns, and electromyographic activity during walking, running, and stair climbing. They found that, unlike patients with above-knee amputations, rotationplasty patients demonstrated superior performance in various activities due to their active control over the prosthetic knee joint. While above-knee amputees struggle with running and stair climbing, rotationplasty patients can perform these activities with some limitations, particularly at the talocrural joint. Additionally, the study revealed that the pretibial muscles of the operated limb assume several functions of the hamstring and quadriceps muscles, allowing the ankle joint to effectively serve as a functional knee substitute during locomotion and other activities. (Murray et al., 1985)

Physiotherapy Following Rotationplasty Surgery
	Postoperative treatment for rotationplasty includes physiotherapeutic interventions and associated modalities such as massage and manual therapy. A crucial aspect of patient recovery involves active, passive, and active-assisted mobilisation of the hip and ankle joints, alongside scar mobilisation following surgery. Scar mobilisation is performed by the physiotherapist, who, in addition to manual techniques, may utilise cupping therapy (CUPPING) or instrument-assisted soft tissue mobilisation (IASTM) to optimise scar mobility. Regarding massage and manual therapy, these techniques contribute to the stimulation of the vasculotrophic and myofascial systems, both of which are essential for optimal postoperative recovery (Kowalczyk & Jarząb, 2021; James & Solove, 2022).
	Neuroproprioceptive facilitation techniques (NPF) represent a valuable adjunct in the rehabilitation plan following rotationplasty. Proprioceptive stimulation, often combined with exteroceptive stimulation, is facilitated through manual contact, involving manipulations such as joint traction and compression, grip application, muscle stretching, vibration, and resistance against movement (Cordun, 1999). The application of NPF techniques leads to significant strengthening of the flexor and extensor muscles of the rotated hip and ankle, as well as enhanced mobility of the operated lower limb. Additionally, a study by Anjum, Amjad, and Malik (2016), published under the title Effectiveness of Proprioceptive Neuromuscular Facilitation Techniques as Compared to Traditional Strength Training in Gait Training Among Transtibial Amputees, highlighted that NPF techniques contribute to notable improvements in locomotor and functional outcomes among patients with below-knee amputations (Anjum, Amjad, & Malik, 2016).
	Furthermore, medical practitioners may prescribe a range of medications to be administered by the patient. These medications aim to alleviate pain and prevent complications such as infections or venous thrombosis.
	Electrotherapy modalities, including magnetotherapy, ultrasound therapy, laser therapy, and light therapy, are contraindicated due to the young age of patients, the presence of metallic elements used to stabilise bones, as well as malignancies and chemotherapy (Kowalczyk & Jarząb, 2021; James & Solove, 2022).
	An individualised physiotherapy programme is essential for maximising the likelihood of patients returning to daily activities. Rehabilitation following rotationplasty, as with other surgical interventions, should encompass:
· Preoperative management
· Postoperative pre-prosthetic management
· Postoperative post-prosthetic management
· Prevention and treatment of postoperative complications
	The rehabilitation programme following rotationplasty is structured into four phases:
· Recovery within the first six weeks (acute phase)
· Recovery after six weeks (subacute phase)
· Recovery between three and six months (chronic phase)
· Recovery beyond six months (chronic phase)
	Each phase is associated with distinct objectives, as outlined in Table 1. Rehabilitation Objectives Following Rotationplasty (James & Solove, 2022).

Table 1. Rehabilitation Objectives Following Rotationplasty
	Phase
	Objectives

	Acute Phase
	· Protection of the operated lower limb
· Preservation of range of motion in the hip and ankle joints
Note: It is crucial to maintain a neutral position of the lower limb at all times.

	Subacute Phase
	· Increase in range of motion at the hip (coxo-femoral) and ankle (talo-crural) joints
· Development of muscular strength
· Restoration of body awareness

	Chronic Phase (3–6 months)
	· Further improvement of range of motion
· Enhancement of muscular strength
· Increase in cardiorespiratory capacity
· Restoration of lower limb function, balance, and gait

	Chronic Phase (beyond 6 months)
	· Reintegration into daily activities



	During the acute phase, the operated lower limb is immobilised to allow for the healing of all structures involved in the procedure. The focus is on maintaining activity in the unaffected extremities while gradually engaging the operated limb in light movements (James & Solove, 2022).
	In the subacute phase, the rehabilitation specialist determines the appropriate timing for initiating passive mobilisation of the ankle in the operated limb. Additionally, emphasis is placed on cardiovascular exercises and core muscle strengthening. During this period, the prosthesis for the operated limb is also constructed (James & Solove, 2022).
	Once the bones have healed, the patient can progressively bear more weight on the operated limb. The primary rehabilitation objectives after three months of postoperative recovery include increasing the range of motion, muscle strength, and cardiorespiratory capacity, enabling the patient to begin walking. The physician and physiotherapists will guide patients on when they can start wearing the prosthesis and engaging in prosthetic training exercises (James & Solove, 2022).
	The final phase of rehabilitation is primarily focused on facilitating the patient’s return to pre-surgical activities. Exercises are designed based on daily functional tasks, such as stair climbing, standing up after a fall, jumping, and changing direction (James & Solove, 2022).
	It is important to highlight that upon completing the postoperative physiotherapy programme, the patient should continue physiotherapy sessions on a prophylactic basis to maintain muscle tone and joint mobility.

Motivational Examples Following Rotationplasty
	At the age of 15, a young girl chose rotationplasty to continue pursuing her passion for gymnastics.
	After undergoing rotationplasty at the Children's Hospital of Philadelphia, a seven-year-old boy successfully returned to the football field, regaining full mobility without any movement restrictions.
	For a girl named E. Robinson, physiotherapy became her saving grace following rotationplasty, helping her regain confidence in leading a normal childhood.
	After completing his rehabilitation, a father now supports children preparing for rotationplasty, guiding them through the specific aspects of the procedure and sharing his experience.

Conclusions
	Osteosarcoma and proximal focal femoral deficiency are conditions for which rotationplasty is among the most effective treatment alternatives, particularly in paediatric patients.
	Despite its non-anatomical appearance, rotationplasty is often chosen by patients, primarily due to the prospect of leading a physically and psychologically normal life.
	Rotationplasty provides enhanced joint mobility in the affected lower limb.
	In most developed countries, the procedure is well-researched and widely practised, offering a viable alternative to above-knee amputation.
	The role of physiotherapy has been demonstrated to be essential in facilitating patients’ reintegration into society following surgery.
	Techniques such as cupping and instrument-assisted soft tissue mobilisation (IASTM) aid in reducing scar adhesions, while physiotherapy enables patients to develop new movement patterns for the operated limb.
	Following rotationplasty, an appropriate rehabilitation programme significantly improves patients’ quality of life, allowing them to perform activities of daily living (ADLs) without limitations and successfully engage in various sports activities.
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