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 aone 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 theinitiation 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 afunctional
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.

Leve of Evidence: Levd I11-2



Introduction:

The purpaose of this study isto 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. Thisis aretrospective review of patients treated by several physicians and
several physical therapists at one physical therapy clinic. Currently, the literatureis
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 treament of rotational contractures
in patients with distal radius fractures™ The results showed that forearm rotation
increased by 52%.2%, Dynamic splinting has aso been established as a non-operative

2,5,7,8,10-13,18-21 The current

treatment method of contracturesin large and small joints.
literature is emphasizing static progressive splinting®*. The results of this study show
that dynamic splinting that also captures a component of static progressive stretching

with end range positioning is a reasonabl e treatment method.

Frequently after atraumatic event to the elbow there is aresulting loss of motion. The

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



Recently the functional range of motion has been proposed to be between 75 degrees
extension and 125 degrees flexion % The more conservative functional range of motion
has been 30 to 130 degrees of motion *°. The more conservative range of motion was

used in this study.

The theories behind different methods of splinting relate to the response of tissuesto
applied stresses. Thetissuesinvolved in elbow contractures are viscoelastic.

Viscoel astic 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
responseis time dependent. Creep isthe deformity that occurs with the application of a
fixed load®. Stressrelaxation is areduction over time in the amount of force required to
hold the tissue at a constant length  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

ether 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
avariety of physicians and therapists. Motion was measured at the elbow to the nearest
degree with a handheld goniometer A standard protocol was followed for each patient.
The patient wore the splint 30 minutes to one hour threeto fivetimesaday. Table 1

outlines the protocol used on all patients.

Datawas collected and compared to results reported for asimilar study on static
progressive splining®. This was also aretrospective study . The data was statistically
compared for significant differences. In addition, data was compared to results reported
for astudy on apurely dynamic brace® Only degrees of gained motion were available for

comparison with this study.

The SADER brace was devel oped 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 aconstant force. This method captures both the creep property of viscoelastic
tissue and the stress relaxation property aswell. The dynamic splint isworn 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 2*. The age was compared for significant difference as well
asoriginal flexion/extension, final flexion /extension, and gained range of motion. Thet-
test was used for all comparisons except when the data failed the normality test and than
aMann-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 apha= 0.05 is 0.05. Thisis below the desired power of .8. The
averageinitial extension for the SADER splint was-42 degrees. For the static
progressive splinting (SPS) group the initial extension was-35.9 degrees. Initia 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 groupshad 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 ° This study included knees and
therefore is difficult to compare to the current study. Thereisno statistical analysison

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 afunctional range of flexion.



Discussion:

Elbows are prone to contracture after injury. The tissues involved in the contractures
have been shown to have viscoel astic properties. These tissues have the properties of
creep and of stressrelaxation. 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. Theidea
brace to help with these contracture problems would capture initialy placing the tissues
at a set length using variable force and than add constant force on the tissue as it relaxes
to theinitia 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 afunctional 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 aone



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*. Although these methods have been
found to be effective®®’ 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 ° Dynamic splinting
has been shown to be effective in the treatment of elbow contractures accompanied by
closed head injuri es™. 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 *. The current brace uses an elastic cord to capture the same principle
asthe 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 **.

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

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



all muscles of astiff elbow had greater EMG activity compared to controls'’. 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 splinting?®. 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 viscoel astic 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 aresult 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 trestment 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.



Tablel

SADER | Elbow Flexion and Extension Protocol

1. Evauatethe 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 thereis no contra-indication to attempt terminal flexion or
extension, remove the appropriate stops.

3. Placethe SADER | brace on in the locked ROM position. Assess fit of rigid shellsand joint
alignment. If subtle adjustment is required, remove the brace, and adjust with a heat gun. Reapply
the brace and assessfit.

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 alevel 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 islow, approximately 3
to 4 pounds. Thelength 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), isa
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 | brace 3-5 times/day.
The principle of low intensity prolonged duration force is explained to the patient and followed. I
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 alevel 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
gainsin 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 | braceisutilized 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.
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Figure 1: The braceis configured for flexion with defined end range of motion stops.
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