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Introduction

Liver transplantation is a life-saving intervention for patients 
with end-stage liver disease,[1] acute liver failure,[2] and 
certain metabolic disorders.[3] Over the years, advancements 
in surgical techniques, immunosuppressive therapies, and 

perioperative care have significantly improved graft survival 
and patient outcomes.[4] However, despite these advancements, 
post-transplant rehabilitation[5] remains a crucial yet often 
overlooked aspect of patient care. Many liver transplant 
recipients experience persistent functional impairments, fatigue, 
and muscle deconditioning, which can negatively impact their 
long-term well-being and overall quality of life (QOL).[6]

Recovery following liver transplantation is complex and 
multifaceted, requiring not only medical and pharmacological 
interventions but also structured rehabilitation strategies.[7] 
Functional therapy-based re-education (FTBR) has emerged 
as a promising approach designed to enhance neuromuscular 
function, restore metabolic stability, and support psychosocial 
well-being. Unlike conventional physiotherapy, FTBR 
integrates task-specific training, cognitive-motor engagement, 
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and holistic interventions to promote a more effective 
recovery.[8] By adopting a multidisciplinary and personalized 
approach, FTBR aims to bridge the gap between surgical 
success and long-term functional independence.

This review explores the effectiveness of FTBR in improving 
post-operative outcomes and its potential role in optimizing the 
recovery trajectory of liver transplant recipients. It delves into 
the challenges faced by patients post-transplant and examines 
how FTBR can address these issues to improve QOL and 
enhance overall recovery.

Post-operative Hurdles: What Challenges Do 
Liver Transplant Patients Face?
Despite the significant advancements in transplantation 
medicine, liver transplant recipients continue to face several 
post-operative challenges that can hinder their recovery. 
These challenges can be broadly categorized into physical, 
metabolic, and psychosocial complications, each requiring 
targeted interventions to ensure a comprehensive recovery.

Physical deconditioning and functional limitations
Many liver transplant recipients suffer from severe muscle 
deconditioning due to prolonged pre-transplant illness and 
post-surgical immobility.[9] Chronic liver disease is often 
associated with sarcopenia,[10] a condition characterized by 
progressive loss of muscle mass and strength, which is further 
exacerbated by the immunosuppressive medications required 
post-transplant.[11]

The combination of extended hospital stays, immunosuppressive 
therapy, and corticosteroid use often leads to muscle atrophy, 
reduced endurance, and impaired mobility.[12] These physical 
limitations significantly affect post-transplant rehabilitation and 
delay the return to normal daily activities. Studies have shown 
that liver transplant recipients tend to have lower physical 
activity function scores compared to the general population,[13] 
highlighting the need for structured rehabilitation programs to 
improve functional capacity.

Without targeted rehabilitation efforts, physical deconditioning 
can contribute to a cycle of reduced activity, further muscle 
deterioration, and an increased risk of falls and fractures. 
Engaging patients in early mobilization and structured physical 
therapy can help break this cycle and promote faster recovery.

Metabolic complications
Metabolic syndrome is a prevalent issue among liver transplant 
recipients.[14] The use of immunosuppressive medications, 
particularly corticosteroids and calcineurin inhibitors, can 
lead to weight gain, insulin resistance, and dyslipidemia, 
increasing the risk of diabetes and cardiovascular disease.[15] 
In addition, post-transplant patients often experience an altered 
metabolic rate, which, when coupled with physical inactivity, 
can exacerbate these conditions.[16]

The development of metabolic complications post-transplant 
not only affects long-term survival but also reduces QOL.[17] 

Studies have indicated that obesity and diabetes are increasingly 
common among liver transplant recipients, with long-term 
cardiovascular risks being a major concern.[18] Addressing 
metabolic complications through structured physical activity 
and nutritional interventions is essential for long-term health 
maintenance. Nutritional counseling, combined with an 
individualized exercise program, can help mitigate these risks 
and promote a healthier post-transplant lifestyle.[19]

Cognitive and psychosocial challenges
Beyond physical and metabolic issues, cognitive and 
psychosocial challenges also play a significant role in post-
transplant recovery. Many liver transplant recipients have a 
history of hepatic encephalopathy,[20] which may contribute 
to persistent cognitive impairments even after transplantation. 
Difficulties with memory, attention, and executive function 
can impact adherence to medical regimens and lifestyle 
modifications.

In addition, many recipients experience significant psychological 
distress, including anxiety and depression, stemming from the 
lifelong need for immunosuppressive therapy, concerns about 
graft rejection, and the uncertainty of long-term survival.[21] 
The transition from chronic illness to post-transplant life can be 
emotionally overwhelming, requiring targeted psychological 
support to facilitate adjustment.

Such psychological challenges can negatively impact QOL 
scores, making mental health support an integral part of post-
transplant rehabilitation. Studies suggest that patients with 
higher levels of emotional distress are less likely to engage in 
physical rehabilitation, further exacerbating deconditioning 
and functional decline. Incorporating cognitive behavioral 
therapy, mindfulness-based interventions, and peer support 
programs into post-transplant care can significantly improve 
psychological well-being and overall recovery.[22]

Table  1 highlights the key hurdles faced by patients post-
transplant, emphasizing the need for rehabilitation strategies.

While liver transplantation offers a second chance at life, 
it also presents a series of complex challenges that require 

Table 1: Common post‑operative challenges in liver 
transplant patients
Category Challenges Impact on recovery
Physical health Muscle atrophy, 

fatigue, frailty
Reduced mobility, delayed 
functional independence

Metabolic issues Obesity, diabetes, 
cardiovascular risks

Increased morbidity, 
long‑term health concerns

Immunosuppression Increased infection 
risk, medication side 
effects

Hospital readmissions, 
complications

Psychosocial factors Anxiety, depression, 
cognitive 
dysfunction

Poor adherence to 
treatment, reduced QOL

Biliary and graft 
issues

Biliary 
complications, 
rejection episodes

Increased risk of graft 
failure, prolonged 
hospitalization

QOL: Quality of life
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structured and multidisciplinary interventions. Addressing 
these hurdles through targeted rehabilitation programs, such as 
FTBR, can improve physical function, reduce metabolic risks, 
and enhance psychosocial well-being, ultimately leading to a 
more successful post-transplant recovery.

FTBR: A Multidisciplinary Approach

FTBR offers a comprehensive, multidisciplinary approach 
to rehabilitation for liver transplant recipients, addressing 
the multifaceted challenges encountered during recovery. By 
integrating physical therapy, occupational therapy, nutritional 
counseling, and psychological support, FTBR aims to restore 
physical function, enhance metabolic health, and promote 
psychosocial well-being.

Physical and occupational therapy
Physical and occupational therapies are pivotal in counteracting 
the physical deconditioning often observed in liver transplant 
patients. Structured exercise programs, encompassing 
both aerobic and resistance training, have been shown to 
improve health-related QOL, physical function, and maximal 
exercise capacity. These interventions target muscle strength, 
endurance, and overall functional capacity, facilitating a return 
to daily activities and independence.[8]

Task-specific training focuses on activities such as walking, stair 
climbing, and lifting, enabling patients to regain confidence and 
autonomy in their daily routines. Neuromuscular re-education 
addresses postural imbalances and movement inefficiencies, 
further contributing to improved physical performance. 
The benefits of exercise training in transplantation are well 
established, underscoring the importance of these therapeutic 
modalities in the FTBR framework.[23]

Nutritional counseling
Post-transplant metabolic disturbances necessitate tailored 
nutritional interventions to support recovery and long-term 
health. High-protein diets are essential for muscle regeneration, 
while balanced macronutrient intake helps prevent excessive 
weight gain and associated complications. Nutritional 
counseling also addresses micronutrient deficiencies that may 
arise due to immunosuppressive therapy, ensuring optimal 
metabolic stability. Personalized adapted physical activity 
before liver transplantation has been shown to be acceptable 
and beneficial, highlighting the importance of integrating 
nutritional strategies into the rehabilitation process.[24,25]

Psychological support
Psychosocial well-being is a critical component of successful 
rehabilitation. Interventions such as cognitive-behavioral 
therapy and mindfulness-based practices have been effective in 
reducing anxiety and depression among transplant recipients. 
Peer support programs further enhance emotional resilience 
by providing a sense of community and shared experience. 
Addressing psychological health is essential, as it significantly 
influences motivation, adherence to rehabilitation protocols, 
and overall QOL. Regular physical activity has a long-term 

positive impact on recovery following various surgical 
procedures, including transplantation, giving individuals the 
opportunity to return to an active life with their families, in 
society, and in their professional life.[21]

FTBR’s multidisciplinary approach offers a holistic pathway 
to recovery for liver transplant patients. By concurrently 
addressing physical, nutritional, and psychological aspects of 
health, FTBR not only facilitates the restoration of function 
but also enhances overall well-being, paving the way for 
a successful return to daily life. Table  2 summarizes how 
rehabilitation interventions improve key outcomes for liver 
transplant recipients.

Evaluating the Impact: Does FTBR Enhance 
Recovery?
FTBR has shown significant promise in improving post-
operative recovery in liver transplant recipients. Several studies 
have demonstrated that structured rehabilitation programs 
incorporating FTBR principles contribute to enhanced physical 
function, improved QOL, and a reduction in post-transplant 
complications.[26]

Improvements in physical function
Liver transplant recipients often experience muscle weakness 
and reduced endurance post-operatively. Studies have shown 
that patients engaged in FTBR programs exhibit significant 
improvements in muscle strength, balance, and overall 
mobility.[27] Task-specific training and neuromuscular re-
education techniques enhance coordination and movement 
efficiency, allowing patients to regain independence faster. 
Research further suggests that FTBR reduces recovery time, 
enabling patients to return to daily activities sooner compared 
to those who receive only conventional physiotherapy.[13]

Enhancement of QOL
Beyond physical improvements, FTBR has been linked to better 
psychosocial outcomes. Patients who participate in structured 
rehabilitation programs report lower levels of anxiety and 
depression, improved cognitive function, and a greater sense 

Table 2: Impact of functional therapy‑based re‑education 
on recovery
Intervention Key benefits Supporting evidence
Physical therapy Improves strength, 

endurance, and 
mobility

Studies show faster 
recovery of functional 
capacity

Nutritional 
counseling

Prevents obesity, 
metabolic syndrome

Reduces risk of diabetes 
and cardiovascular disease

Psychological 
support

Reduces anxiety, 
enhances coping 
mechanisms

Lowers risk of depression 
and medication 
non‑adherence

Multidisciplinary 
approach

Ensures individualized 
rehabilitation plans

Leads to better long‑term 
outcomes

Patient education Encourages adherence 
to medical and 
lifestyle changes

Enhances QOL and 
independence

QOL: Quality of life
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of well-being. Regular participation in task-oriented exercises 
and cognitive-motor engagement activities fosters confidence 
and motivation, leading to higher QOL scores.[13]

Reduction in complications and metabolic syndrome
One of the major benefits of FTBR is its role in mitigating post-
transplant complications, particularly metabolic syndrome. 
Studies indicate that liver transplant recipients involved 
in structured exercise and dietary counseling programs 
show lower incidences of obesity, insulin resistance, and 
cardiovascular diseases. By incorporating tailored physical 
activity and nutritional strategies, FTBR helps regulate 
metabolic function, reducing the long-term risks associated 
with immunosuppressive therapy.

MInEvidence strongly supports the integration of FTBR into post-
liver transplant rehabilitation programs. By enhancing physical 
function, improving QOL, and mitigating complications, FTBR 
plays a crucial role in optimizing recovery and ensuring long-
term well-being for liver transplant recipients.[28]

A structured rehabilitation program post-transplant significantly 
improves recovery timelines, reduces metabolic complications, 
and enhances overall QOL. Data comparing patient outcomes 
with and without functional therapy demonstrate its 
effectiveness in optimizing recovery [Table 3].

Implementing Functional Therapy: Strategies for 
Success

Individualized rehabilitation programs
Developing personalized rehabilitation programs is essential 
for optimizing recovery in liver transplant recipients. Each 
patient presents with unique pre-operative conditions, post-
operative complications, and varying levels of physical and 
cognitive impairment. An individualized rehabilitation plan 
considers these factors and tailors interventions to meet 
the patient’s specific needs, ensuring optimal progress and 
functional gains.[5]

A successful rehabilitation program includes baseline 
assessments of physical activity function, cognitive abilities, 
and nutritional status. This allows healthcare providers to set 
achievable goals and adjust therapy interventions accordingly. 
Gradual progression in exercise intensity, flexibility training, 
and balance exercises are essential to prevent injury while 
ensuring steady improvement.

Multidisciplinary team approach
A comprehensive rehabilitation strategy requires a 
multidisciplinary team composed of physiotherapists, 
occupational therapists, dietitians, psychologists, and transplant 
specialists.[29] Each discipline plays a crucial role in addressing 
different aspects of the patient’s recovery:
•	 Physiotherapists: Focus on restoring mobility, strength, 

and endurance through structured exercise programs
•	 Occupational therapists: Help patients regain independence 

in daily activities and improve coordination[30]

•	 Dietitians: Provide nutritional counseling to manage 
metabolic risks and promote healthy weight maintenance

•	 Psychologists: Offer mental health support, addressing 
emotional distress, and promoting adherence to 
rehabilitation programs.

Inpatient and outpatient rehabilitation
The transition from inpatient rehabilitation to outpatient follow-
up is critical for sustained recovery.[31] Early mobilization in 
the hospital setting helps prevent complications such as deep 
vein thrombosis and muscle atrophy. As patients progress, 
outpatient rehabilitation continues with structured exercise 
regimens, dietary monitoring, and psychological support to 
reinforce positive health behaviors.[32]

Patient education and active participation
Educating patients about the benefits of rehabilitation and 
encouraging active participation in their recovery process 
significantly enhances outcomes. Patients who understand the 
importance of physical activity, proper nutrition, and mental 
well-being are more likely to adhere to rehabilitation programs 
and achieve better long-term results.

Workshops, support groups, and patient education materials 
can empower recipients to take charge of their health, fostering 
motivation and compliance with therapy recommendations.

By implementing these strategies, FTBR can significantly 
enhance recovery outcomes, ensuring that liver transplant 
recipients achieve optimal physical, metabolic, and psychosocial 
well-being.[33]

Successful rehabilitation after liver transplantation requires a 
collaborative effort among healthcare professionals, ensuring 
holistic patient support. The involvement of physiotherapists, 
dietitians, psychologists, and transplant specialists plays a 
pivotal role in improving long-term recovery [Table 4].

Impact on Recovery: Evidence and Benefits

Improvements in physical function and QOL
Patients engaged in structured rehabilitation programs show 
marked improvements in muscle strength, mobility, and 
endurance. By incorporating progressive resistance training, 
aerobic exercises, and task-specific motor training, FTBR 
enables transplant recipients to regain independence and 
improve their overall QOL.[34]

Table 3: Comparison of recovery outcomes with and 
without functional therapy
Outcome measure With functional 

therapy
Without functional 

therapy
Time to independent walking 2–4 weeks 6–8 weeks
Risk of metabolic syndrome 20–30% 50–60%
Hospital readmission rate 15–20% 30–40%
QOL (SF‑36 score) High Moderate to Low
Return to work/normal 
activity

3–6 months >12 months

QOL: Quality of life
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Research has shown that transplant recipients who participate 
in FTBR programs report lower levels of fatigue, improved 
psychological well-being, and better reintegration into daily 
activities. Enhanced mobility and strength reduce the risk of 
falls and fractures, contributing to long-term physical health 
and overall functional independence.[35]

Reduction in post-operative complications
One of the significant advantages of FTBR is its ability to 
mitigate post-transplant complications, particularly those 
related to metabolic health. Liver transplant recipients are at an 
increased risk of developing metabolic syndrome, characterized 
by obesity, diabetes, hypertension, and dyslipidemia. Regular 
physical activity and structured exercise interventions have 
been found to significantly reduce these risks by improving 
insulin sensitivity, promoting weight management, and 
enhancing cardiovascular health.

Moreover, FTBR has been associated with lower hospital 
readmission rates due to its role in preventing secondary 
complications such as infections, graft rejection, and 
cardiovascular disease. By emphasizing a holistic rehabilitation 
approach that integrates physical, nutritional, and psychological 
support, FTBR contributes to long-term transplant success and 
patient well-being.[36]

Implementation Strategies and Challenges

Importance of individualized rehabilitation programs and 
a multidisciplinary team
Successful implementation of FTBR relies on individualized 
rehabilitation programs that address each patient’s specific 
needs. Tailoring therapy based on pre-transplant health status, 
post-operative complications, and overall functional goals 
ensures more effective recovery outcomes. Programs should 
focus on progressive mobility, strength training, and cognitive-
motor activities to optimize functional independence.[37]

Barriers to implementation
Despite its potential benefits, several challenges hinder the 
widespread adoption of FTBR in liver transplant rehabilitation. 
These barriers include:

•	 Limited access and program availability: Not all healthcare 
facilities have established FTBR programs, making access 
to specialized rehabilitation difficult for many patients. 
Regional disparities in healthcare resources further 
contribute to these limitations.

•	 Variability in program design: There is currently no 
standardized protocol for FTBR in liver transplant 
recipients, leading to inconsistent rehabilitation practices 
across institutions.

•	 Patient adherence issues: Long-term commitment to 
rehabilitation can be challenging due to factors such as 
fatigue, financial constraints, and lack of motivation. 
Ensuring patient engagement through education and 
support groups is essential for sustained adherence.

•	 Resource constraints: Implementing FTBR requires 
specialized personnel, equipment, and funding, which 
may not be readily available in all healthcare settings.

Addressing these barriers requires investment in training 
programs for healthcare providers, the development of 
standardized rehabilitation guidelines, and increased 
awareness about the benefits of FTBR among patients and 
caregivers. Expanding access through community-based 
and telerehabilitation initiatives may also improve program 
availability and adherence rates.

By overcoming these challenges, FTBR can become an integral 
part of post-transplant rehabilitation, ensuring better long-term 
outcomes and QOL for liver transplant recipients.

Conclusion

Liver transplantation is a transformative procedure that 
significantly improves patient survival. However, recovery 
challenges persist, necessitating structured rehabilitation 
programs. FTBR provides a multidisciplinary approach that 
addresses physical, metabolic, and psychosocial factors, 
ultimately improving post-operative outcomes. Given its 
proven benefits, integrating FTBR into standard liver transplant 
rehabilitation protocols should be prioritized to enhance long-
term patient recovery and well-being.
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