A PHASED REHABILITATION PROTOCOL FOR ATHLETES WITH LUMBAR INTERVERTEBRAL DISC HERNIATION

Overview:
· The protocol emphasizes a staged approach aligned with the disc healing process.
· It recognizes the complexity of managing athletes due to high spinal loads during sport.
· The framework includes four phases: 
1. Non-Rotational/Non-Flexion (Acute Inflammatory)
2. Counter Rotation/Flexion (Repair)
3. Rotational/Power Development (Remodeling)
4. Full Return to Sport
Rehabilitation Principles:
· Individual assessment and tailored exercise prescription are crucial.
· Exercises should address movement in all planes and functional demands.
· Progression is based on clinical reasoning, response, and healing status.
· Emphasis on correcting postural and motor control faults specific to athletic development.
· Integration of strength exercises like squatting, deadlifting, and Olympic lifts with appropriate modifications.
Anatomical Context:
· The intervertebral disc consists of nucleus pulposus, annulus fibrosus, and vertebral endplates.
· Understanding disc anatomy and biomechanics guides intervention.
· Healing phases correspond to different tissue responses and functional demands.
Clinical Application:
· The protocol provides a theoretical framework backed by literature.
· Exercises and progressions are suggested but require individualization.
· The emphasis is on safely restoring function and strength to facilitate return to sport.

Spinal Instability and High-Grade Degeneration (HLD):
· Spinal stability is complex and debated, but Panjabi's model remains influential, defining stability via three subsystems:
1. Passive subsystem: includes vertebrae, discs, ligaments, joint capsules, and zygapophyseal joints. It resists forces mainly at end ranges and transmits motion and position info to neural control.
2. Active subsystem: musculotendinous structures generating force and providing proprioception.
3. Neural control subsystem: processes feedback to coordinate stability.
· The neutral zone (NZ) is crucial; it is the range of motion where passive structures offer minimal resistance. Greater NZ or laxity indicates higher instability.
· An index of instability can be derived from the ratio of NZ to total ROM.
· Disc degeneration influences instability, with tissue dehydration and endplate disruption contributing to segmental instability. Early degeneration may be more unstable.
· Disc degeneration involves decreased proteoglycans, dehydration, and reduced support from the nucleus pulposus (NP). Changes often begin at the endplates, which may fracture under mechanical loads.
· Endplate fractures can lead to NP decompression and annular bulging, potentially progressing to herniation.
· Herniation is associated with repeated compressive loads, especially when the spine is flexed to full ROM, with rotational movements also influencing lesion development.
Key Points from the Text:
1. Tissue Response to Exercise:
· Exercise influences tissue homeostasis through balancing activity and rest.
· It can promote healing by stimulating extracellular matrix gene expression and rehydration of discs, particularly through controlled axial rotation.
2. Disc Healing and Regeneration:
· The inner nucleus pulposus (NP) has limited regenerative capacity due to low cell density and avascularity, making healing slow or unlikely.
· The outer annulus has better healing potential, capable of resisting hydrostatic pressure within six weeks.
· Mechanical loading, such as intermittent compression and decompression, influences homeostasis.
· Distraction and controlled rotation can promote rehydration and matrix synthesis, aiding healing.
3. Biomechanics and Mechanical Loading:
· Rotation around the y-axis (longitudinal axis) can induce compression and decompression cycles, supporting tissue health.
· Proper tension along fiber lines supports collagen production; immobilization adversely affects tissue health.
4. Healing of Endplates and Bone:
· Vertebral endplate fractures can stimulate bone growth and cartilage formation.
· Increased vascularization and collagen turnover are markers of healing responses.
5. Rehabilitation Principles:
· A phased, progressive exercise approach is advocated.
· Complementary clinical practices include manual therapy, addressing muscular imbalances (like Pelvic Crossed Syndrome), and specific muscle recruitment (gluteal muscles, transversus abdominis, multifidi).
· Stretching and fascia mobilization are also emphasized to support tissue healing.
Implications for Practice:
· Incorporating controlled rotational movements and axial loading can stimulate disc healing.
· Avoiding excessive compression and promoting decompression are beneficial.
· A comprehensive rehabilitation program should include manual therapy and targeted muscle activation to optimize tissue environment for healing.
· Manual therapy, including mobilization, manipulation, and soft tissue interventions, may improve pain and function in patients with lumbar herniated lumbar disc (HLD). However, caution is advised, especially with rotatory lumbar manipulation.
· Skilled manual therapy might reduce mechanical stress on the disc by addressing restrictions in the pelvis and lower extremities.
· Manual therapy can be particularly beneficial during early and middle stages of rehabilitation by creating an environment conducive to disc healing, but its role diminishes in later stages when active patient participation becomes central.
· Addressing myofascial trigger points and soft tissue restrictions is important since they can mimic or contribute to low back pain symptoms.
· The relationship between pelvic floor, diaphragm, and spinal stability is emerging as an area of interest, with some evidence suggesting dysfunctions here may relate to back pain.
· Techniques such as pelvic floor training and diaphragm exercises may be valuable components of early rehabilitation.
· Emphasis on proper recruitment of core muscles, such as transversus abdominis (TA) and multifidi, is crucial. Exercises like abdominal hollowing and bracing are used to enhance stability, but their effects on overall spinal stability depend on the context and phase of rehabilitation.
· Over-constraining movement or focusing solely on muscle activation patterns without functional integration might be counterproductive. A balanced approach targeting multiple muscles and functional movement patterns is recommended.
· The latissimus dorsi and thoracolumbar fascia contribute to spinal stability and may serve as "physiologic back belts" due to their tension transmission capabilities.
Stretching and HLD Management:
· Lumbar spines with above-average range of motion (ROM) are linked to disc degeneration and herniation.
· During early rehab phases, avoid stretching exercises specific to the lumbar spine to prevent further annular damage.
· If stretching is considered, focus on tissues surrounding the affected segment rather than the lumbar spine itself.
· Hip flexor tension can influence lumbar lordosis and anterior pelvic tilt, but stretching should be carefully considered to avoid reducing hip extension or compromising the healing process.
· Protecting the lumbar segment from excessive flexion and rotation during interventions is crucial.
Phased Rehabilitation Protocol:
· The protocol is based on the Panjabi spinal stability model, emphasizing both active/neural control and passive system support.
· The outer annulus of the disc is a key target; strengthening this area helps improve spinal stability, support tissue healing, and prevent re-injury.
· The healing process follows the traditional tissue repair model:
· Inflammation (Day 1-6): prepares tissue for healing.
· Proliferation/Repair (approx. Day 3-20): tissue begins to rebuild.
· Maturation/Remodeling (Day 9 onward): tissue matures and scar tissue is organized.
· Disc herniation can be acute or subacute, often resulting from degeneration, with symptoms presenting suddenly during an exacerbation.
Phase I: Non-Rotational/Non-Flexion Phase (Acute Inflammatory Phase)
· Focuses on minimizing inflammation and mechanical stresses.
· Uses directional preference (MDT) to evaluate and treat disruptions.
· Emphasizes maintaining lumbar lordosis, avoiding flexion, and performing extension exercises.
· Incorporates stabilization and hip extensor training.
· Aims to control symptoms through sagittal plane motion and re-educating movement patterns, especially hip hinging.
Phase II: Counter Rotation/Flexion Phase (Repair Phase)
· Transition to controlled movements that promote tissue healing.
· Includes unilateral loaded exercises to resist rotation and lateral flexion.
· Focuses on gentle, tension-building movements to stimulate collagen repair.
· Uses isometric contractions to reintroduce flexion and rotation in a controlled manner.
Phase III: Rotational Phase / Power Development (Remodeling Phase)
· Full integration of transverse plane movement.
· Progresses to dynamic rotation and functional activities.
· Aims to optimize collagen fiber organization and prevent scar tissue formation.
· Prepares the patient for sport-specific power and force development.
Phase IV: Full Return to Sport
· Not detailed in the extracted text, but typically involves high-level functional training, sport-specific drills, and ensuring readiness for return to activity.

Conclusion
while successful outcomes in complex clinical cases, such as high-level injuries like HLD (likely referring to High-Level Disc or similar), are not guaranteed, adopting a systematic approach grounded in biomechanical principles can provide a solid foundation. This approach helps clinicians implement evidence-based strategies aimed at achieving the best possible outcomes within the constraints of each problem. The authors advocate for carefully staged rehabilitation protocols, which can challenge traditional thinking about the necessity of full, functional movement recovery in athletes post-injury.
Phase I: Protective Phase (Acute Inflammatory Phase)
· Focuses on pain management and initial stabilization.
· Techniques include:
· Directional Preference Progression (MDT/McKenzie Method): Emphasizes addressing lateral shifts and extension exercises like prone press-ups.
· Transversus Abdominis (TA) exercises: 
· Abdominal Hollowing: Improves symptom management and motor control for TA and multifidi.
· Abdominal Bracing: Reinforces spinal stabilization using the entire abdominal wall, learned through demonstration and visualization.
· Hooklying Hollowing with Foam Roller Adduction & Pelvic Floor Recruitment: Early neuromuscular re-education involving simultaneous abdominal hollowing and pelvic floor activation.
· Hip Hinging in Standing: Teaches proper hip movement with lumbar neutrality, including gluteal pulses for dynamic control.
· Sidelying Abduction & Bridging: Strengthen hip abductors (gluteus medius) and posterior chain, with variations like unilateral and weighted bridging.
· Quadruped Bracing: Promotes neutral spine and pelvic control, with added challenges through limb movements.
Plank progressions
Numerous plank variations and progressions exist. A beginning level will vary from a kneeling position (half) plank to a full plank on the floor depending on tolerance. Emphasis on incorporating a neutral spine, abdominal bracing, gluteal activation, and latissimus dorsi activation (see further discussion on this muscle in the lat pull-down summary) promote recruitment of all key voluntary and involuntary active spinal stabilizers. Progression to a single unstable surface for the upper or lower extremity in order to increase stabilization demands can be added. Maximal challenge, if warranted within the demands of athlete's sport, can be obtained with two unstable surfaces, the introduction of perturbations, and/or voluntary induced movement while maintaining a stabilized neutral spine. An excellent high level plank exercise is the “Stir the Pot” stability ball exercise discussed by McGill. This exercise consists of perform an elbow based plank on the stability ball, bracing and maintaining a neutral spine, and performing clockwise and counterclockwise rotations through the upper extremity onto the ball.
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Traditional Plank
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Ball Plank
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Suspended Plank
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2-Point Ball Plank

Figure 8e.
Figure 8e.

Side Plank - Advanced

Pushup Progression
Similar to the plank progression, first transition from a kneeling position to a full pushup position. Emphasis is placed on abdominal bracing and gluteal activation throughout the entire motion. Progress toward unstable surfaces in a similar manner as planks, utilizing unstable surfaces in either upper or lower extremity positions, or at the highest level on two unstable surfaces.
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Kneeling Pushup - Start
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Kneeling Pushup - End
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Full Pushup - Start
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Full Pushup - End
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Suspended Pushup - Start
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Suspended Pushup - End


Lunge/Split Squat progressions

Lunges are typically easier to instruct by having the patient initially perform them in a stationary method, using the split squat technique rather than with movement such as stepping into a lunge. A stationary position also makes it easier to educate regarding proper distancing between the feet and avoids excessive stabilization demands in movement during acute phases. Do not discount the use of an upper extremity contact with a sturdy object during familiarization in the acute phase. As with all exercises, begin with abdominal bracing and maintain throughout and include management of excessive anterior or posterior pelvic tilt. Emphasize lowering the body back and down and delivering force into the heel of the front foot. Progression to moving lunges only once adequate spinal and pelvic control is demonstrated, starting first with a backward step to reinforce posture during movement and loading.
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Stationary Lunge - Top
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Stationary Lunge - Bottom
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Bilateral Weighted Lunge - Top
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Bilateral Weighted Lunge - Bottom
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Barbell Lunge/Split Squat - Top
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Barbell Lunge/Split Squat - Bottom

Typically it is not appropriate to load lunges during the acute phase, however, loading should be encouraged during Phases II and III in order to assist with tissue healing and remodeling. Loaded lunges may provide a position in which a neutral spine is more easily maintained while still providing progressively increased linear compressive loads, which may aid in lumbar disc healing. Proceed to load as tolerated, loading bilaterally to reduce counter rotation/lateral flexion demands. As the athlete progresses to higher loads, the elevated foot split squat provides high loads without the higher hip flexion requirements of bilateral squatting.

Lateral Squat Stepping / Resisted Abduction (Monster Walk)
This exercise introduces some frontal plane movements. It is commonly recognized as a version of the “monster walk” and offers an early opportunity to introduce increase abduction movement in a position that is frequently asymptomatic for the HLD patient. Emphasis remains on abdominal bracing and control of pelvic and spinal position.
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Lateral Squat Stepping - Resisted Abduction - Start
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Lateral Squat Stepping - Resisted Abduction - Step


Upper Extremity Pull Down (Latissimus Pull Down)
The latissimus pull down exercise is a simple early exercise which emphasizes the activity of the latissimus dorsi. With a slight amount of extension throughout the spine in order to pretension the latissimus dorsi and to decrease the amount of effort it takes to prevent trunk flexion, brace and maintain the position throughout the exercise. The load should never be so great as to move the athlete out of their starting position and prevent their ability to maintain a braced position. The goal is to progress towards pull-ups as early as possible.
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Lat Pull Down - Top
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Lat Pull Down - Bottom

Inverted row progressions
Recent evidence has demonstrated that of typical rowing exercises utilized, the inverted row demonstrates the lowest spinal load with significant upper back musculature demands.130 Although this example utilizes suspension device, a Smith machine or secured barbell can be similarly utilized. A suspension device may add a degree of multiplanar instability and challenge to the core in comparison to a straight bar and provide a free range of motion at the wrist and elbow. Emphasis should be on abdominal bracing and gluteal activation throughout the entire motion. Starting the movement with a supinated hand (underhand) position can lessen the early demands on the upper back by allowing greater contribution of the biceps to pulling movement.131,132 A progression of this exercise is three fold: One switch the hand to a pronated (overhand), two, increase the angle in which the athlete is positioned , and three, add resistance to the upper body through weight plates or a weighted vest.
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Suspension Inverted Row - Angled Incline -

Bottom
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Suspension Inverted Row - Angled Incline - Top
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Suspension Inverted Row - Parallel Incline - Bottom
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Suspension Inverted Row - Parallel Incline - Top

Pull-up/chin-up progressions
A pull-up is defined as a pronated grip on the bar, while a chin-up is a supinated grip. The pull-up is challenging to the entire body, including the core. Recent EMG studies demonstrated that pull-ups, chin-ups, and the Perfect Pull-Up™ have similar levels of latissimus dorsi recruitment, although the pull-up appears to have additional recruitment of the lower trapezius,132 which plays a role in thoracic extension. As a result, it may be beneficial to progress toward a full pull-up. However, due to additional contribution of the biceps,132 the chin-up may be an easier starting point for some. Although a full chin-up or pull-up may not seem possible for some individuals, the use of high-density resistance bands or machine assistance can be a starting place. With an appropriate progression including eccentrics and assistance, most can achieve some level of success in this exercise. An excellent resource for pull-up progressions is available in Michael Boyle's Functional Training for Sports.133
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Pull-up - Hang Position
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Pull-up - Top Position




· Phase II: Counter Rotation/Flexion (Repair Phase) 

· Suspension Device Assisted Squat: Uses tools like TRX or resistance bands to control descent, emphasizing hip hinge, maintaining neutral spine, and gluteal activation. Progression involves reducing assistance and increasing unilateral work. 
· Bodyweight Squatting with Latissimus Activation: Focuses on activating the latissimus dorsi to develop tension and stabilize the spine during squatting. 
· Anterior Loaded Squat (Goblet Squat): Uses kettlebell or dumbbell to maintain proper spinal alignment due to shorter lever arm, aiding disc healing. 
· Turkish Getup: A challenging full-body movement emphasizing spinal stability and controlled movement, starting without weight and progressing to weighted versions. 
· Unilateral Side Lift (Suitcase Lift): Focuses on contralateral lateral flexion and stabilization, emphasizing "hip hinge" mechanics. 
· Curl-up and Stability Ball Curl-ups: Emphasize safe activation of abdominal muscles while minimizing compressive loads on the lumbar spine. 
· Kettlebell Deadlift: Reinforces hip hinge mechanics and posterior chain strengthening, emphasizing spinal rigidity and proper bracing.
These exercises are designed to restore functional movement, promote spinal stability, and facilitate disc healing through controlled progression and emphasis on proper technique. 

Trap Bar/Hex Bar Deadlift:
· Acts as a hybrid between a squat and deadlift.
· Increased quadriceps activation and perceived effort.
· May reduce back pain due to increased quadriceps involvement and different loading mechanics.
· Be cautious to prevent excessive pelvis forward movement and lumbar hyperextension, especially with heavier weights.
Single Leg Deadlift:
· Focuses on hamstring activation, abductor stability, and balance.
· Best performed with weights on elevated surfaces.
· Emphasizes bracing, hip hinge, and posture awareness.
Single Leg Squat:
· Challenging unilateral exercise targeting hip and spinal stability.
· Progression involves increasing squat angle up to about 75°, with caution beyond to avoid lumbar flexion.
Bottoms-up Kettlebell Carry:
· Perceived as challenging but shows lower muscle activation than expected.
· Carries increased spinal compression and shear forces, which may aid in disc healing.
· Suitable as a transitional activity during rehabilitation.












PHASE III: ROTATIONAL PHASE / POWER DEVELOPMENT
(Remodeling Phase)


· Lunge with a Twist: Introduces controlled rotational movement through ipsilateral hip flexion, aiding in disc health and fiber reorientation.
· Supine Stability Ball Twists (Russian Twists): Non-weight bearing, focusing on trunk rotation with progressive loading.
· Chops and Lifts: Functional exercises mimicking force transfer from ground to upper extremity, aiding in return-to-play.
· Kettlebell Swings: Emphasized for power development, with cues for proper form, spinal stability, and appropriate load. The swing height should be controlled, not exceeding eye level, to avoid excessive spinal extension.
· KB Snatch: Advanced exercise for core activation, with technical complexity.
· Midthigh Power Clean: Recommended for higher power output with reduced lumbar flexion demands, beneficial for athletes returning to sport.

