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The Role of Rehabilitation Training in Fracture Recovery
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Abstract:Fracture, a common musculoskeletal injury, often leads to temporary or permanent functional impairment without scientific re-
habilitation intervention. This paper explores the theoretical foundation, core principles, and clinical application of rehabilitation training
for fracture patients, aiming to provide evidence-based guidance for clinical practice. By analyzing the physiological mechanism of frac-
ture healing and the characteristics of different fracture types, the paper clarifies the individualized implementation logic of rehabilitation
training. It emphasizes that rehabilitation training should be carried out in conjunction with the physiological stages of fracture healing,
adhering to the principles of individualization, gradual progression, functional orientation, and multidisciplinary collaboration. The clin-
ical application part focuses on targeted training strategies for fractures of different parts (upper limbs, lower limbs, and spine) and dis-
cusses the dynamic evaluation and adjustment methods of rehabilitation effects. Finally, the paper summarizes the key factors affecting
rehabilitation outcomes, such as patient compliance, psychological intervention, and technical support, and puts forward prospects for
the future development of fracture rehabilitation. This study enriches the theoretical system of fracture rehabilitation and provides practi-
cal reference for improving the functional recovery level of fracture patients.

Keywords:Fracture rehabilitation; Rehabilitation training; Functional recovery; Evidence-based practice; Individualized intervention

1. Introduction

Fracture refers to the integrity or continuity disruption of bone tissue caused by external forces, which is one of the most common
injuries in clinical practice. With the aging of the population and the increase in motor-related activities, the incidence of fractures has
shown an upward trend globally. According to the World Health Organization (WHO), fractures affect millions of people every year,
imposing a heavy burden on individuals, families, and healthcare systems. The core goal of fracture treatment is not only to achieve ana-
tomical reduction and bone union but also to restore the patient’s normal motor function and quality of life. However, in clinical practice,
excessive emphasis on fracture fixation and neglect of early rehabilitation often leads to complications such as joint stiffness, muscle
atrophy, and reduced bone density, which seriously affect the patient’s functional recovery.

Rehabilitation training, as an indispensable part of fracture comprehensive treatment, plays a crucial role in promoting bone heal-
ing, improving joint mobility, enhancing muscle strength, and restoring functional independence. In recent years, with the development
of rehabilitation medicine and evidence-based medicine, the concept of fracture rehabilitation has undergone significant changes. Tradi-

tional passive rehabilitation has gradually been replaced by active and personalized rehabilitation programs.

2. Physiological Mechanism of Fracture Healing

Fracture healing is a complex physiological process involving multiple cell types, cytokines, and extracellular matrix, which can be
divided into three overlapping stages: inflammatory phase, repair phase, and remodeling phase''l.

The inflammatory phase occurs within 1-2 weeks after fracture. After the bone tissue is damaged, local bleeding forms a hemato-
ma, and inflammatory cells such as neutrophils and macrophages gather at the fracture site to clear necrotic tissue. At the same time, the
body releases cytokines such as transforming growth factor-p (TGF-p) and platelet-derived growth factor (PDGF), which initiate the re-
pair process. During this stage, rehabilitation training should be gentle and non-invasive, focusing on reducing swelling, relieving pain,
and maintaining the mobility of adjacent joints. Excessive movement may disrupt the hematoma organization and affect the initial stabil-
ity of the fracture site””. The repair phase lasts from 2 to 8 weeks after fracture. Fibroblasts and osteoblasts proliferate and differentiate,
and the hematoma is gradually replaced by granulation tissue and then by callus. The callus calcifies to form immature bone, which pro-
vides mechanical stability for the fracture site. This stage is a critical period for rehabilitation training. Moderate mechanical stimulation
through training can promote the proliferation and differentiation of osteoblasts, accelerate callus formation, and improve bone healing

quality. However, the intensity and range of training must be strictly controlled to avoid excessive stress that may lead to callus rupture.

3.Clinical Application and Implementation Strategies of Fracture Rehabilitation Training

3.1 Targeted Rehabilitation Training for Fractures of Different Parts

Upper limb fractures mainly include fractures of the clavicle, humerus, radius, ulna, and metacarpals. The upper limb is mainly
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responsible for fine motor skills and upper body activities. In the early stage of rehabilitation (1-2 weeks after fracture), passive and ac-
tive-assisted exercises are the main methods, such as shoulder abduction, adduction, elbow flexion and extension, and wrist rotation, to
maintain joint mobility and prevent soft tissue adhesion. In the middle stage (3-6 weeks), active exercises are increased, such as lifting
light objects (0.5-1kg) to enhance muscle strength, and finger opposition training to improve fine motor skills. In the late stage (7-12
weeks), resistance training is carried out, such as using elastic bands for shoulder and elbow muscle training, and daily activity simula-
tion training (e.g., dressing, eating, writing) to restore the patient’s independent living ability.

Lower limb fractures include fractures of the femur, tibia, fibula, patella, and metatarsals. The lower limb bears the body’s weight
and is responsible for walking, running, and other motor functions. Early rehabilitation (1-3 weeks) focuses on bed exercises, such as an-
kle pump exercise, quadriceps isometric contraction, and hip abduction, to promote blood circulation, prevent deep vein thrombosis, and
maintain muscle strength. In the middle stage (4-8 weeks), under the premise of stable fracture healing, partial weight-bearing training
is carried out with the help of crutches or walkers, and gait training is gradually carried out to correct abnormal gait patterns. In the late
stage (9-16 weeks), full weight-bearing training is implemented, and functional training such as climbing stairs, squatting, and balance
training is added to restore the patient’s normal walking and motor abilities".

3.2 Evaluation and Adjustment of Rehabilitation Effects

The evaluation of rehabilitation effects is an important part of the rehabilitation process, which can timely reflect the patient’s func-
tional recovery and adjust the training plan. The evaluation content includes subjective and objective indicators.

Subjective indicators mainly include the patient’s pain level (evaluated by visual analog scale, VAS), subjective feelings of func-
tional recovery, and quality of life (evaluated by SF-36 scale). These indicators can reflect the patient’s comfort and satisfaction during
the rehabilitation process and provide a basis for optimizing the training plan.

Objective indicators include joint range of motion (measured by goniometer), muscle strength (evaluated by manual muscle testing,
MMT), bone healing status (checked by X-ray or CT), and functional ability (such as walking speed, daily living activity score). Objec-
tive indicators can quantitatively evaluate the rehabilitation effect and ensure the scientificity of the training plan adjustment.

3.3 Key Factors Affecting Rehabilitation Outcomes and Optimization Paths

Patient compliance is one of the most critical factors affecting rehabilitation outcomes. Due to pain, fear of fracture displacement,
or lack of understanding of rehabilitation, some patients may refuse or passively participate in training, resulting in delayed functional
recovery. To improve compliance, it is necessary to strengthen health education, let patients understand the importance of rehabilitation
training and the potential risks of non-compliance, and formulate a training plan that is easy to implement. At the same time, regular
follow-up and feedback should be carried out to encourage patients and enhance their confidence in rehabilitation.Psychological factors
also have an important impact on rehabilitation outcomes. Fracture patients often experience negative emotions such as anxiety, de-
pression, and helplessness, which may affect their enthusiasm for training and physical recovery. Therefore, psychological intervention
should be integrated into the rehabilitation process. Through communication, counseling, and support, help patients adjust their mentali-
ty, establish a positive attitude towards rehabilitation, and improve their participation in training. Technical support is the guarantee of re-
habilitation effect. Rehabilitation therapists should master professional knowledge and skills, accurately evaluate the patient’s condition,
and formulate scientific training plans. At the same time, with the development of medical technology, the application of auxiliary tools
such as rehabilitation robots, virtual reality (VR) equipment, and wearable devices can improve the effectiveness and # %k 14 of training.
For example, VR technology can simulate real-life scenarios for functional training, increasing patient participation; wearable devices

can monitor training intensity and progress in real time, providing data support for plan adjustment™’,

4. Conclusion

Fracture rehabilitation training is a systematic and individualized intervention that runs through the entire process of fracture
treatment. Its theoretical basis lies in the physiological mechanism of fracture healing, and it must adhere to the core principles of indi-
vidualization, gradual progression, functional orientation, and multidisciplinary collaboration. Targeted training strategies for fractures
of different parts can effectively promote bone healing and functional recovery. Dynamic evaluation of rehabilitation effects and timely
adjustment of training plans are important guarantees for improving rehabilitation quality. Factors such as patient compliance, psycho-
logical state, technical support, and social support directly affect the rehabilitation outcome. This paper systematically expounds the
theoretical and practical issues of fracture rehabilitation training, hoping to provide a reference for clinical practice and promote the
development of fracture rehabilitation. In the future, more high-quality clinical studies are needed to verify the effectiveness of different

rehabilitation strategies and further improve the theoretical system and clinical practice of fracture rehabilitation.
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