
Abstract

Background: The purpose of this study was to retrospectively review the results of

patients treated with a new elbow splint incorporating both dynamic and static

progressive stretch to restore a functional range of motion. The literature contains studies

on static progressive splinting alone and dynamic splinting alone. The results of a new

brace design were evaluated to see the effectiveness of this new treatment method.

Methods: The therapeutic record was reviewed and data was collected on the range of

motion pre and post treatment, the length of treatment, and the time from injury or

surgery to the initiation of treatment. The results were then compared to previously

published reports of treatment methods.

Results: Of the 36 patients with sufficient data for inclusion in the study the average gain

in the total arc of motion was 44 degrees. Thirty of thirty-six reached a functional

extension range of motion and twenty-nine of the thirty-six reached functional flexion of

the elbow joint. There were no complications from the use of the splints. When

compared with a study of a static progressive splint alone, the final flexion obtained with

the new splint was greater than that obtained with the static progressive splint. (P=.011).

In addition, the increase in total range of motion with the new splint was greater than that

obtained with the static progressive splint alone (P=.02)

Conclusion: Comparing the data of this group to other treatment methods supports the

use of a splint incorporating both the principles of static progressive and dynamic

splinting as an effective way to minimize elbow contractures. This study presents a new

splint that has better results than currently used methods.

Level of Evidence: Level III-2



Introduction:

The purpose of this study is to review the use of a static and dynamic end range of motion

(SADER) splint. This splint allows the treating physician to work on both flexion and

extension. This is a retrospective review of patients treated by several physicians and

several physical therapists at one physical therapy clinic. Currently, the literature is

divided into two schools of thought; one of dynamic splinting and the other of

progressive static splinting. This study was designed to evaluate the use of a splint that

incorporates dynamic and static splinting principles for elbow contractures and

statistically compare its use to the results obtained with dynamic splinting and static

progressive splinting.

Dynamic splinting has recently been reported for the treatment of rotational contractures

in patients with distal radius fractures23 The results showed that forearm rotation

increased by 52%.23. Dynamic splinting has also been established as a non-operative

treatment method of contractures in large and small joints.2,5,7,8,10-13,18-21 The current

literature is emphasizing static progressive splinting3,4. The results of this study show

that dynamic splinting that also captures a component of static progressive stretching

with end range positioning is a reasonable treatment method.

Frequently after a traumatic event to the elbow there is a resulting loss of motion. The

goal of any intervention is the recovery of a functional pain free range of motion.



Recently the functional range of motion has been proposed to be between 75 degrees

extension and 125 degrees flexion 26. The more conservative functional range of motion

has been 30 to 130 degrees of motion 16. The more conservative range of motion was

used in this study.

The theories behind different methods of splinting relate to the response of tissues to

applied stresses. The tissues involved in elbow contractures are viscoelastic.

Viscoelastic means that the tissue has properties of a viscous substance and an elastic

substance. Simply put, the tissue elongates in response to applied stresses, and the tissues

response is time dependent. Creep is the deformity that occurs with the application of a

fixed load25. Stress relaxation is a reduction over time in the amount of force required to

hold the tissue at a constant length 25. These are the two main principles behind the

difference in methods of static progressive splinting and dynamic splinting. A brace that

incorporates both principles should result in improved range of motion compared to

either method alone.

Materials and Methods:

A retrospective review of the patients treated with the SADER brace was performed. All

patients treated with the SADER brace were identified. There were 49 patients treated

with the brace at the time of the study. There was sufficient data on 36 patients to be

included in the study. There were 14 females and 22 males. The types of injury, days



from surgery or injury to treatment initiation, age, initial and final range of motion, and

the days from initiation of treatment to discharge were recorded. Patients were treated by

a variety of physicians and therapists. Motion was measured at the elbow to the nearest

degree with a handheld goniometer 1A standard protocol was followed for each patient.

The patient wore the splint 30 minutes to one hour three to five times a day. Table 1

outlines the protocol used on all patients.

Data was collected and compared to results reported for a similar study on static

progressive splining3. This was also a retrospective study 3. The data was statistically

compared for significant differences. In addition, data was compared to results reported

for a study on a purely dynamic brace.9 Only degrees of gained motion were available for

comparison with this study.

The SADER brace was developed to capture both the principles of static splinting and

dynamic splinting. The splint is adjusted by the patient to obtain an initial amount of

stretch whether working on flexion or extension and then the dynamic cord is used to

exert a constant force. This method captures both the creep property of viscoelastic

tissue and the stress relaxation property as well. The dynamic splint is worn for 30

minutes to one hour sessions several times a day based on the diagnosis and specific

protocol. A benefit of the splint is that the patient does not need to readjust the splint

during a given session. Further, the same splint can be used for flexion and extension. In

Figure 1, the brace is shown to gain flexion. In Figure 2, the brace is configured in the

extension position.



Statistical Methods:

The data for the SADER brace and the static progressive brace were entered into a

statistical program SigmaStat 24. The age was compared for significant difference as well

as original flexion/extension, final flexion /extension, and gained range of motion. The t-

test was used for all comparisons except when the data failed the normality test and than

a Mann-Whitney Rank Sum test was employed. A power analysis was performed and a

statistical difference was defined as a P-value less than 0.05. The comparison of the

SADER brace to the dynamic splint group was reported as a comparison of the averages

and no statistical significance could be assigned.

Results.

The average age in the SADER group was 40 years and in the static progressive splinting

group was 37 years. The difference between the groups is not large enough to reject the

possibility that the difference is due to random sampling variability. The power of the

performed test with alpha= 0.05 is 0.05. This is below the desired power of .8. The

average initial extension for the SADER splint was -42 degrees. For the static

progressive splinting (SPS) group the initial extension was -35.9 degrees. Initial flexion

was 109.2 for the SADER group and 104.8 degrees for the SPS group. The t-test showed

no statistical significant difference between the two groups, but again the power test was

below the desired power of .8. The average final extension was -21.6 degrees for the

SADER group and -18.4 degrees for the SPS group. The Mann-Whitney rank sum test

showed no statistical difference between the groups (P=.053).



The average final flexion was 132.6 degrees for the SADER group and 123.7 degrees for

the SPS group. The difference between groups was found to be statistically significant

(P=.011, Mann-Whitney rank sum). The average gain in the arc of motion was 44.2

degrees for the SADER group and 33.4 degrees for the SPS group. The Mann-Whitney

rank sum test showed a statistically significant difference (P= .02). Both groups had a

statistical improvement in initial motion compared to final motion (p<=.001).

The dynamic splint group gained 26 degrees of extension and 62 degrees of flexion. The

average gain reported in the study was 30 degrees 9. This study included knees and

therefore is difficult to compare to the current study. There is no statistical analysis on

this data due to the structure of their study statistical comparisons could not be made.

In the SADER group, thirty of thirty-six reached a functional extension range of motion

and 29 of 36 reached functional flexion of the elbow joint. There were no complications

from the use of the splints. The time from injury or surgery to the fitting of the splint was

48 days and the duration of treatment for the SADER group was 46 days. The length of

treatment and time of fitting are difficult to determine for the comparison studies. The

lack of data on length of treatment in the comparison studies is unfortunate since that is a

key data point in evaluating cost effectiveness. In the SPS group, 40 subjects reached a

functional amount of extension and 24 reached a functional range of flexion.



Discussion:

Elbows are prone to contracture after injury. The tissues involved in the contractures

have been shown to have viscoelastic properties. These tissues have the properties of

creep and of stress relaxation. Creep is the response of the tissue to a constant force;

stress relaxation is the response of the tissue to variable force at a set length. The ideal

brace to help with these contracture problems would capture initially placing the tissues

at a set length using variable force and than add constant force on the tissue as it relaxes

to the initial stress. This second component captures the creep property of viscoelastic

tissues. The tension cord that supplies the second component requires no adjustments by

the patient during the 30-60 minute therapy session which is an advantage for patient

compliance. The brace enables the patient to also perform gentle contract hold relax type

movements and also allows free range of motion for functional use of the arm. The

SADER brace incorporates both the principles of creep and stress relaxation.

The patients treated with the SADER brace showed improvement in all aspects of elbow

motion. Both flexion and extension improved. The average improved range of motion

was found to be statistically greater than the static progressive splint group. The SPS

group, although not statistically significant did obtain greater extension. Both groups

accomplished returning patients to a functional range of motion. The SADER group had

83% with functional extension and 80.5% with a functional flexion. The SPS group had

80% with functional extension and 48% with functional flexion. It appears that the

SADER brace has a significant advantage in improving flexion over the SPS brace alone



in that the average improved final flexion with the SADER brace was 135 degrees

(P=.011.).

Creep therapy programs alone are usually eight to 12 hours a therapy session and

progressive casting is done for days or weeks 4. Although these methods have been

found to be effective9,27 they are quite time consuming and potentially decrease the

compliance of the patients. A splint with shorter treatment sessions should have the

advantage of increasing patient compliance. Dynamic methods have been used to

improve the range of motion in knees after a hemarthrosis in hemophiliacs. This same

principle has been applied to the elbow joint with dramatic results 6. Dynamic splinting

has been shown to be effective in the treatment of elbow contractures accompanied by

closed head injuries14. The SADER brace was created to gain the advantage of dynamic

splinting as well as static progressive splinting.

Static progressive stretching utilizes stress relaxation to obtain flexion and extension in

the elbow joint. Turning the device handle requires active participation of the patient

every five minutes 4. The current brace uses an elastic cord to capture the same principle

as the device handle. This decreases the required participation of the patient resulting in

potential increased compliance. Therapy should be aimed at obtaining a permanent

elongation of the tissue which will result in a greater arch of motion 3,4.

Dynamic splinting has been shown to lead to a greater reduction of hypertonus than static

splinting and passive range of motion exercise 15. Further another study has shown that



all muscles of a stiff elbow had greater EMG activity compared to controls17. As splints

are used on contracted elbows devices which help decrease the muscle tone and firing

would theoretically result in improved range of motion.

A comparison of static and dynamic splinting in the same patient showed that dynamic

splinting obtained better results than the side with static splinting22. Although many other

variables can come into play on the difference between the two sides this decreases the

argument that static progressive splinting is superior to dynamic splinting. A brace shich

incorporates both dynamic and static progressive principles to these authors makes the

most sense in the treatment of these difficult problem elbows.

Connective tissue responds with viscoelastic properties the treatment modalities must

capture as many principles as possible and be as convent as possible for the patient. The

current brace discussed captures these principles. The improved results seen in the

increased range of motion over other treatment methods may be a result from the design

fully capturing and exploiting the properties of viscoelastic tissues.

Conclusion:

This retrospective review of the patients treated with the SADER brace show an

increased range of motion obtained over other treatment methods. The results were very

similar to the SPS method. One brace is not necessarily better than another brace. This

study shows that exploiting as many properties of viscoelastic tissue as possible to



improve motion appears to result in a greater amount of flexion and improved arc of

motion over other treatment methods.



Table 1

SADER I Elbow Flexion and Extension Protocol

1. Evaluate the patient’s present level of range of motion. Determine the magnitude of flexion versus

extension loss as it relates to diagnosis and timing of intervention.

2. Determine the necessity of Range of Motion Stops. These stops are utilized for early mobilization

through a defined arc of motion. If there is no contra-indication to attempt terminal flexion or

extension, remove the appropriate stops.

3. Place the SADER I brace on in the locked ROM position. Assess fit of rigid shells and joint

alignment. If subtle adjustment is required, remove the brace, and adjust with a heat gun. Reapply

the brace and assess fit.

4. Determine the direction (either flexion or extension) to be attempted and set the tension level.

Utilizing a subjective scale from the patient (0-10) set the tension at a level 3. The patient must

report after a 10-15 minute wearing time, a pain or force level of 3-4 on the same scale. If after

10-15 minutes the patient reports a perceived increased level of force greater than 4, decrease the

tension on the bungee accordingly. After the adjustment, reassess the tension level the patient

reports after an additional 15 minutes. Note: the amount of force required is low, approximately 3

to 4 pounds. The length of the dynamic cord will be different for flexion and extension and should

be marked accordingly for the patient’s use.

5. A recommended wearing schedule for combination deficits (both flexion and extension loss), is a

2:1 extension to flexion schedule. The recommended wearing time is a minimum of 20-30 minutes

up to 1-2 hours per attempt. The patient should attempt to wear the SADER I brace 3-5 times/day.

The principle of low intensity prolonged duration force is explained to the patient and followed. If

excessive force is utilized, the patient will report increased pain and the clinician may record

increased swelling and loss of ROM.

6. The patient is encouraged to perform a “contract-hold-relax” maneuver within the brace while

under tension. This often relieves some discomfort and creates a level of muscle relaxation or



fatigue, facilitating greater ROM. This well recognized rehabilitation technique should be utilized

for both flexion and extension attempts and should be performed 10-15 times per wearing attempt.

7. If terminal extension is attempted at night, clinicians should instruct the patient to attempt the last

day routine utilizing a dynamic extension force. Convert the brace to a static brace. Instruct the

patient to lock the brace in a sub-maximal extended position achieved from the last dynamic day

routine.

8. Minimal adjustment in tension should be required through the rehabilitation routine. Significant

gains in ROM should be appreciated within the first phase of recovery (less than 3 months). Early

fitting and controlled ROM is essential.

9. If the SADER I brace is utilized in the chronic condition (stiff elbow >3 months), a thermoplastic

shell should be incorporated over the biceps and forearm converting the brace into a

circumferential brace. High density foam can be placed dorsally on the forearm and upper arm

shells near the elbow to provide increased comfort and compliance.

10. Weekly ROM measurements are recorded. Adjustments in wearing schedule and intensity should

be considered based on improvement and patient feedback.



References

1. Adams, L. S., Greene, L.W., Topoczian, F.: Range of Motion. In Clinical assessment

recommendations, pp. 55-70. Edited by Casanova, J. S., Chicago, American Society of Hand

Therapists, 1992.

2. Bain, G. I.; Mehta, J. A.; and Heptinstall, R. J.: The dynamic elbow suspension splint. J

Shoulder Elbow Surg, 7(4): 419-21, 1998.

3. Bonutti, P. M., Donatelli, R, Hotz, M.W.: Evaluation of a 30-minute protocol to restore range of

motion via stress relaxation and static progressive stretch. In American Academy of Orthopaedic

Surgery. Edited, San Francisco, 2002.

4. Bonutti, P. M.; Windau, J. E.; Ables, B. A.; and Miller, B. G.: Static progressive stretch to

reestablish elbow range of motion. Clin Orthop, (303): 128-34, 1994.

5. Byrne, A., and Yau, T.: A modified dynamic traction splint for unstable intra-articular fractures

of the proximal interphalangeal joint. J Hand Ther, 8(3): 216-8, 1995.

6. Dickson, R. A.: Reversed dynamic slings. A new concept in the treatment of post-traumatic elbow

flexion contractures. Injury, 8(1): 35-8, 1976.

7. Ebinger, T.; Erhard, N.; Kinzl, L.; and Mentzel, M.: Dynamic treatment of displaced proximal

phalangeal fractures. J Hand Surg [Am], 24(6): 1254-62, 1999.

8. Green, D. P., McCoy, H: Turnbuckle orthotic Correction of Elbow flexion contractures after

acute injuries. J Bone Joint Surg Am, 61A: 1092-1095, 1979.

9. Hepburn, G. R.: Case Studies: Contracture and Stiff Joint Management with Dynasplint. J

Orthopedic and Sports Physical Therapy, 8(10): 498-504, 1987.

10. Hooper, R. M., and North, E. R.: Dynamic interphalangeal extension splint design. Am J Occup

Ther, 36(4): 257-8, 1982.

11. Hritzo, G.: The dynamic intraphalangeal final flexion splint. J Hand Ther, 14(1): 51-2, 2001.

12. Jacobs, M. L.: Low-profile dynamic wrist splint. J Hand Ther, 8(1): 39-40, 1995.

13. Kamil, N. I., and Correia, A. M.: A dynamic elbow flexion splint for an infant with

arthrogryposis. Am J Occup Ther, 44(5): 460-1, 1990.



14. MacKay-Lyons, M.: Low-load, prolonged stretch in treatment of elbow flexion contractures

secondary to head trauma: a case report. Phys Ther, 69(4): 292-6, 1989.

15. McPherson, J. J.; Becker, A. H.; and Franszczak, N.: Dynamic splint to reduce the passive

component of hypertonicity. Arch Phys Med Rehabil, 66(4): 249-52, 1985.

16. Morrey, B. F.: The Elbow and Its Disorders. Edited, Philadelphia, Saunders, 1985.

17. Page, C.; Backus, S. I.; and Lenhoff, M. W.: Electromyographic activity in stiff and normal

elbows during elbow flexion and extension. J Hand Ther, 16(1): 5-11, 2003.

18. Prosser, R.: Splinting in the management of proximal interphalangeal joint flexion contracture. J

Hand Ther, 9(4): 378-86, 1996.

19. Rajewski, F., and Marciniak, W.: [Use of Dynasplint in prevention of muscular contractures in

limbs undergoing lengthening]. Chir Narzadow Ruchu Ortop Pol, 57(1-3): 243-6, 1992.

20. Richard, R.; Shanesy, C. P., 3rd; and Miller, S. F.: Dynamic versus static splints: a prospective

case for sustained stress. J Burn Care Rehabil, 16(3 Pt 1): 284-7, 1995.

21. Richard, R. L.: Use of the Dynasplint to correct elbow flexion burn contracture: a case report. J

Burn Care Rehabil, 7(2): 151-2, 1986.

22. Seeger, M. W., and Furst, D. E.: Effects of splinting in the treatment of hand contractures in

progressive systemic sclerosis. Am J Occup Ther, 41(2): 118-21, 1987.

23. Shah, M. A.; Lopez, J. K.; Escalante, A. S.; and Green, D. P.: Dynamic splinting of forearm

rotational contracture after distal radius fracture. J Hand Surg [Am], 27(3): 456-63, 2002.

24. SPSS: SigmaStat 3.0. Edited, Chicago, 2003.

25. Taylor, D. C., Dalton, J.D.,Seaber,A.V.,Garrett, W. E.: Viscoelastic properties of muscle-

tendon units: The biomechanical effects of stretching. Am J Sports Med, 18: 300, 1990.

26. Vasen, A. P.; Lacey, S. H.; Keith, M. W.; and Shaffer, J. W.: Functional range of motion of the

elbow. J Hand Surg [Am], 20(2): 288-92, 1995.

27. Yasukawa, A., Malas, B.S., GAebler-Spira, D.J.: Efficacy for MAintenance of Elbow Range of

motion of two types of Orthotic Devices: A case series. J Prosthetics and Orthotics, 15(2): 72-77,

2003.



Figure 1: The brace is configured for flexion with defined end range of motion stops.


