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	Negative effects of total immobilization during the inflammatory and fibroblastic stages of healing on tendon biochemistry are: Loss of glycosaminoglycan concentration, loss of water, decreased fibronectin concentration and decreased tendon healing. Biochemically, the immobilized tendon looses tensile strength in the first 2 weeks after repair and looses gliding function by first 10 days after repair.
Management of the inflammatory state, timing of stress application, the judicious application of controlled stress, and the effects of active versus passive motion, splint geometry, the position of exercise, external load application with stress application and the duration and ease of exercise all influence either positively or negatively the healing and remodeling of this fibrous connective tissue.
Rationale:
Effects of controlled stress:

Stress induced electrical potential may increase the connective tissue healing potential. Early active assistive motion increases the fibronectin concentration and fibroblastic chemo-taxis at the tendon repair site and that some degree of controlled functional motion with increased compliance could reduce the complication associated with immobilization.
Researches have raised the question of actual tendon excursion with passive motion. A component of controlled active motion may be necessary to increase some proximal migration of the tendon repair site and that passive motion may cause the repair site to fold or buckle instead of gliding proximally. This is the rationale for controlled early active assisted motion as opposed to controlled passive motion in the post-op management of the repaired tendon.
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exercise, depends on the tensile strength of the repair technique and the stage of wound healing. Motion may enhance the diffusion of synovial fluid with the tendon in the synovial region. 

Communication between the surgeon and the therapist regarding the quality of repair, type of repair alteration in the tendon length, the integrity of the tissue, the status of surrounding tissue, tendon anomalies (i.e. presence or absence of juncture) and any additional pathologic conditions that might alter the amount of controlled stress that the healing tendon can accommodate. The patient can be evaluated in terms of anticipated compliance.

Therapeutic management with this splint is considered in terms of biochemical and biomechanical events of wound healing and the effects that this management technique has on these events.

Protocol:
Controlled stress is applied 3 days after surgery by allowing the repaired tendons to glide 5 mm within the Ulnar gutter splint and a ring splint.

Stress is relieved at the repair site for the finger extensors by placing the wrist in approximately 40 degrees of wrist extension in the ulnar gutter splint and the ring splint with the middle finger in 0 degrees flexion and adjacent fingers in 30 degrees flexion. 

The combination splint is worn for 4 weeks, when the ulnar gutter is removed and the patient continues to wear the rings for another 2-3 weeks. A night time static extension component could be added to prevent sustained forced flexion posture while sleeping.
Patient is allowed light daily activities, and contraindicated from gripping or sports activities. 
Result: 

This provides regular controlled motion at the repair site without the risk of rupture and decreases the need for the requirement on part of the patient to remember a rigorous exercise routine as it incorporates with the daily activities, thus increases the compliance with the splint wear and exercise. Thereby, decreasing the frequency and duration of treatment needed for scar management.
Splint Design:
The splint is designed to provide least tension and increased protection at the repair site and at the same time allow for function while wearing the splint.

As mentioned earlier, the wrist is kept in 40 degrees extension via the Ulnar Gutter Splint. Appropriate padding is provided at the Ulnar Styloid.

The width of each ring is the length of P1 minus 4mm to allow for joint motion at the PIP joint and some motion at the MCP

The strips are place circumferentially around each finger with the diameter of the PIP joint taken into account for easy glide of the rings. Once each ring is individually formed, another strip measuring in the same width but longer in length is cut.
With the Rings and the Ulnar Gutter in place the Strip is passed dorsum to the Index finger keeping it in 30 degree flexion, then continuing volar to the Middle finger keeping it in neutral and then passing dorsal again to the Ring finger maintaining 30 
	To safely apply stress to a healing tendon, the therapist must understand tendon excursion as it relates of joint motion, suture techniques and healing schedules.
1. Loss of extensor autonomy has been attributed to the fibrous connecting bands within the muscle belly of the EDC in the forearm as well as the integrity of the juncture tendinum.
2. EDC, despite distinct bellies, an active extension of the uninvolved finger may provoke a muscle contraction in the involved finger due to the juncture. This probably does occur, but is such a contraction harmful or helpful. If the patient is not actually attempting to extend the finger and instead is using the hand for normal activities may infact increase the tensile strength of the repair and increase the excursion rather than cause deleterious repair deformation and rupture. Many therapists have observed that their best results are in those patients who cheat just a little in their program with light intermittent active extension.

3. Some patients appear to scar more heavily than others. Tendon glide is extremely difficult even after close adherence to a program that has worked well for other patients. Patients who scar heavily may need start earlier with active/resistive exercises and their program may be more vigorously pursued as the tendons may become bound by adhesions by the 10th day after repair.
4. The duration of daily controlled motion interval is a significant variable in tendon excursion. Adding to the complex problem of tendon adhesions is the frequency and duration of exercise and the expectation from the patients to exercise at regular intervals than all at once or none at all. Thus, frequency of controlled motion in postoperative tendon management protocols is a significant factor in acceleration the healing response after tendon repair.
5. ROM after immobilization may lead to gap formation secondary to increased adhesion formation. Gapping results from tendon elongation. Extensor lag is more difficult to overcome than extensor tightness.
6. Junctura (anatomy/anomalies): Repair to EDC distal to juncture in the long finger can be adequately protected with the ring splint by placing the middle finger at 0 degree and adjacent finger in 30 degree flexion. This position relieves tension at the repair site while maintaining extensibility of collateral ligaments. Tension is reduced on the anastomosis of the EDC when the repair site is distal to the junctura tendinum if the adjacent fingers are held in mild flexion. This position advances the proximal end of the severed tendon by a force of intertendinious connections.
Communication:

Schedules for application of controlled stress and progressive 

degree flexion at the MCP joint. After the strip is secured the patient is allowed to move his fingers.
As the rings incorporate the entire length of P1 along with the thickness of the splint material, the patient is allowed enough motion to bend the IP and slight MP motion but not enough to make a full fist.
A Velcro Loop may be added to the dorsum of the middle ring piece and the dorsum of the Ulnar Gutter splint. A fishing line with a Hook at each end maintains neutral position of the Middle finger at night.
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Ring Splint Protocol For Extensor Tendon

Zone V post Junctura
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	Negative effects of total immobilization during the inflammatory and fibroblastic stages of healing on tendon biochemistry are: Loss of glycosaminoglycan concentration, loss of water, decreased fibronectin concentration and decreased tendon healing. Biochemically, the immobilized tendon looses tensile strength in the first 2 weeks after repair and looses gliding function by the first 10 days after repair.
Management of the inflammatory state, timing of stress application, judicious application of controlled stress, and the effects of active versus passive motion, splint geometry, the position of exercise, external load application with stress application and the duration and ease of exercise all influence either positively or negatively the healing and remodeling of this fibrous connective tissue.

Rationale:

Effects of controlled stress:

Stress induced electrical potential may increase the connective tissue healing potential. Early active assisted motion increases the fibronectin concentration and fibroblastic chemo-taxis at the tendon repair site and that some degree of controlled functional motion with increased compliance could reduce the complication associated with immobilization.

Researches have raised the question of actual tendon excursion with passive motion. A component of controlled active motion may be necessary to increase some proximal migration of the tendon repair site and that passive motion may cause the
repair site to fold or buckle instead of gliding proximally. This is the rationale for controlled early active assisted motion as opposed to controlled passive motion in the post-op management of the repaired tendon. 
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To safely apply stress to a healing tendon, the therapist must understand tendon excursion as it relates of joint motion, suture techniques and healing schedules.
	1. Loss of extensor autonomy has been attributed to the fibrous connecting bands within the muscle belly of the EDC in the forearm as well as the integrity of the juncture tendinum.

2. EDC, despite distinct bellies, involved in active extension of the uninvolved finger may provoke a muscle contraction in the involved finger due to the juncture. This probably does occur, but is such a contraction harmful or helpful? If the patient is not actually attempting to extend the finger and instead is using the hand for normal activities, this may infact increase the tensile strength of the repair and increase the excursion rather than cause deleterious repair deformation and rupture. Many therapists have observed that their best results are in those patients who cheat just a little in their program with light intermittent active extension.

3. Some patients appear to scar more heavily than others. Tendon glide is extremely difficult in those patients even after close adherence to a program that has worked well for other patients. Patients who scar heavily may need to start earlier with active/resistive exercises, and their program may be more vigorously pursued as the tendons may become bound by adhesions by the 10th day after repair.

4. The duration of daily controlled motion interval is a significant variable in tendon excursion. Adding to the problem of tendon adhesions is the frequency and duration of exercise and expectation from the patients to exercise at regular intervals. Thus, frequency of controlled motion in postoperative tendon management protocols is a significant factor in acceleration the healing response after tendon repair. 

5. ROM after immobilization may lead to gap formation secondary to increased adhesion formation. Gapping results from tendon elongation. Extensor lag is more difficult to overcome than extensor tightness. 

6. Junctura (anatomy/anomalies): Repair to the EDC distal to juncture in the long finger can be adequately protected with the ring splint by placing the middle finger at 0 degree and adjacent finger in 30 degree flexion. This position relieves tension at the repair site while maintaining extensibility of collateral ligaments. Tension is reduced on the anastomosis of the EDC when the repair site is distal to the junctura tendinum if the adjacent fingers are held in mild flexion. This position advances the proximal end of the severed tendon by a force of intertendinious connections.
Communication:

Schedules for application of controlled stress and progressive exercise, depends on the tensile strength of the repair technique and the stage of wound healing. Motion may enhance the diffusion of synovial fluid with the tendon in the synovial region. 

Communication between the surgeon and the therapist regarding the quality of repair, type of repair alteration in the tendon length, 

	the integrity of the tissue, the status of surrounding tissue, tendon anomalies  (i.e. presence or absence of juncture) and any additional pathologic conditions that might alter the amount of controlled stress that the healing tendon can accommodate. The patient can be evaluated in terms of anticipated compliance.

Therapeutic management with this splint is considered in terms of biochemical and biomechanical events of wound healing and the effects that this management technique has on these events.

Protocol:
Controlled stress is applied 3 days after surgery by allowing the repaired tendons to glide 5 mm within the ulnar gutter splint and a ring splint.

Stress is relieved at the repair site for the finger extensors by placing the wrist in approximately 40 degrees of wrist extension in the ulnar gutter splint and the ring splint with the middle finger in 0 degrees flexion and adjacent fingers in 30 degrees flexion. 

The combination splint is worn for 4 weeks, when the ulnar gutter is removed and the patient continues to wear the rings for another 2-3 weeks. A night time static extension component could be added to prevent sustained forced flexion posture while sleeping.

Patient is allowed light daily activities, and contraindicated from gripping or sports activities. 

Result: 

This provides regular controlled motion at the repair site without the risk of rupture and decreases the need for the patient to remember a rigorous exercise routine as it incorporates with the daily activities, thus increasing the compliance with the splint wear and exercise. This also decreases the frequency and duration of treatment needed for scar management. 
	Splint Design:

The splint is designed to provide the least amount of tension and maximal protection at the repair site and at the same time allow for function while wearing the splint.

As mentioned earlier, the wrist is kept in 40 degrees extension via the Ulnar Gutter Splint. Appropriate padding is provided at the Ulnar Styloid. The width of each ring is the length of P1 minus 4mm to allow for joint motion at the PIP joint and some motion at the MCP joint. The thermoplastic strips are place circumferentially around each finger with the diameter of the PIP joint taken into account for easy glide of the rings. Once each ring is individually formed, another strip measuring in the same width but longer in length is cut.

With the Rings on the fingers and the Ulnar Gutter in place the thermoplastic strip is passed dorsum to the Index finger keeping it in 30 degree flexion, then continuing volar to the Middle finger keeping it in neutral and then passing dorsal again to the Ring finger maintaining 30 degree flexion at the MCP joint. After the strip is secured the patient is allowed to move his fingers.

As the rings incorporate the entire length of P1 along with the thickness of the splint material, the patient is allowed enough motion to bend the IP and slight MP motion but not enough to make a full fist.  A Velcro Loop may be added to the dorsum of the middle ring piece and the dorsum of the Ulnar Gutter splint. A fishing line with a Hook at each end maintains neutral position of the Middle finger at night.
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