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MultiMotion Dynamic corrective joint system 

Literature review  
 
Subject;  "Restoring normal range of movement in dynamic contractures with 

dynamic corrective components" 

 
The MultiMotion – dynamic corrective joint system from Basko Healthcare – consisting of corrective joint and trailer 
components – has the characteristics and meets the conditions which the following literature review indicates are 
required for dynamic contracture treatment.  
 
With just 2 components, both available in small and regular sizes, the MultiMotion – dynamic corrective joint system is 
suitable for the treatment of wrist, elbow, knee, and ankle joints in both children and adults. 
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Restricted mobility/contractures can occur as a result of a wide range of orthopedic and neurological disorders. The 
following report describes treatment with dynamic corrective orthoses to restore a normal range of movement, 
resulting restoration of function, and support for manual therapeutic results. 
 
Keywords 
 
Contractures A contracture (Latin contrahere 'contract') is a permanent shortening of muscles, tendons, 

ligaments, and fascia, which results in persistent restricted mobility or complete rigidity of a joint. 
Affected joints cannot, even passively, be moved or can be moved only with great difficulty and to 
a limited extent.  

 Distinction:  

Dynamic contracture as a result of shortening of muscles, tendons, ligaments, and fascia => can 
be treated using MultiMotion - dynamic corrective joint system. 

Structural contracture: Deformation of muscles and bones, ankylosis, ossification, fibrosis => 
cannot be treated using MultiMotion - dynamic corrective joint system. 

 
High-risk groups: 

People with cerebral palsy; patients following accidents with joint involvement; patients with 
inflammatory or degenerative joint disorders (rheumatism, osteoarthritis); patients with juxta-
articular injuries or burns;  

 or  

 Patients with paraplegia; patients in a state of severely impaired general health; unconscious 
patients (persistent vegetative state); patients with a plaster cast, splint or traction bandage; post-
operative patients with pain on movement and resulting postural problems; patients following 
malposition; patients with restricted mobility. 

 
HLBS Rehabilitation of joint contractures by static application of a high load for a brief period. Orthoses 

with worm gears are commonly used ('extension splinting'). Historically speaking, extension 
splinting has been a recognized treatment modality for several hundred years. Extension splints 
were first described by Hans von Gersdorff in 1530 (6). Caution: The use of static splints can 
substantially increase the pressure exerted on the skin and result in intra-articular cartilage damage 
as a result of the levering action (force x distance) of the splint. The application of a static force (8.4 
N/cm2) for 24 hours inhibits synthesis of glycosaminoglycan (mucopolysaccharides, components of 
many of the biological macromolecules which form the framework for many fiber-forming 
substances and which, as result of their ability to absorb water, possess a high degree of elasticity) 
and DNA, and results in cartilage damage (17). 

 
LLPS Treatment of joint contractures over a prolonged period using a low load 
  
MultiMotion   Dynamic corrective joint system for treating dynamically corrigible contractures  
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TERT Total end range time 

 Intensity x duration x frequency 

Intensity - maximum load-bearing period at pROM end range of the tolerated by the patient  
Duration - optimum total duration 
Frequency - daily performance 

 
ROM Range of motion 
 
Pressure ulcer Localized damage to the skin and underlying tissue. Pressure ulcers are divided into four grades 

and three stages after W.O. Seiler: 

 Grade 1: non-blanchable localized redness, skin intact. Other clinical symptoms may include 
edema, hardening, and local warmth.  

 Grade 2: Partial thickness skin loss; damage to the epidermis through to parts of the dermis. 
Pressure damage is superficial and may present clinically as a blister, graze, or superficial 
ulceration.  

 Grade 3: Full thickness skin loss including damage to or necrosis of subcutaneous tissue 
extending up to, but not beneath, the underlying fascia. The pressure ulcer presents clinically 
as a deep, open ulcer.  

 Grade 4: Full thickness skin loss with extensive destruction, tissue necrosis, or damage to 
muscles, bones, or supporting structures such as tendons or the joint capsule, with or without 
full thickness skin loss.  

 Stage A: Ulcer is 'clean', granulation tissue, no necrosis  

 Stage B: Ulcer is covered with slough, residual necrosis, no infiltration of the surrounding 
tissue, granulation tissue, no necrosis  

 Stage C: Ulcer as stage B, with infiltration of the surrounding tissue and/or general infection 
(sepsis) (12) 

 

Modified  This test measures velocity-dependent resistance to passive movement  
Ashworth scale:  

0  =  Normal 1 = slight resistance at the end or beginning (catch) in one direction 
1+  =  slight resistance over < 50 % of the range of motion (ROM) 
2  =  Marked resistance over > 50 % of the ROM, full ROM possible 
3  =  Considerable resistance, passive ROM difficult 
4  =  ROM partially restricted 
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Mechanism of dynamic splinting 
 
A dynamic contracture occurs when connective tissue such as muscle, ligaments, tendons, and joint capsules 
becomes scarred or muscle tissue becomes shortened. Rather than rapid extension of the tissue, as with HLBS, the 
use of the LLPS modality, with consideration given to TERT, achieves permanent plastic changes to the tissue.  

Studies show that range of motion increases if tissue is continuously held in a slightly stretched state at the end of the 
range of motion. (15,16) 

The objective of dynamic splinting is permanent reconstruction of scarred or shortened connective tissue, The 
extended, reconstructed tissue results in an improved ROM and consequently in restoring the function and everyday 
utility of the joint.  
 
Principles 
 
If it is immobile, connective tissue will exhibit an increasing tendency to shorten or contract within a period of as little 
as a week. This is caused by plastic changes to the network of collagen, with lack of stretching resulting in an 
increased density of cross-linking between collagen fibers. (1) Improvements to knee contractures in response to two 
hours of low load stretching per day were described as early as 1984. (2) 

A 1988 study on children with infantile cerebral palsy (ICP) showed that stretching the plantar flexors with a low load 
for a period of six hours daily was able to prevent muscle contractures. (3) 
 
Clinical use / indications 
 
Dynamic orthoses can be used with patients with restricted mobility arising from orthopedic or neurological 
connective tissue changes secondary to disorders such as trauma, post-operative, CVA, post-operative joint stiffness, 
spinal cord injuries, tendon or ligament repairs, infantile cerebral palsy, joint replacement, closed head injuries, post-
fracture, long-term immobilization, burns, or contractures following amputation. 
 
Contraindications 
 
Structural contractures, deformation of the muscles and bones (e.g. ankylosis, ossification, fibrosis). 
Caution: Poor arterial circulation 
  
Use of dynamic orthoses  
 
Because treatment is delivered in the home and complements existing treatments (physiotherapy, manual therapy, 
etc.), thus reducing treatment times, dynamic orthoses can help reduce rehabilitation time and costs. The patient 
generally wears the splint at rest.  

Operation of dynamic corrective components is controlled by means of a continuously adjustable spring forming part 
of a mechanical joint. The spring applies a slight pressure or traction of prolonged duration to the joint at a level 
below that at which reflex contractures are elicited, resulting in tissue reconstruction. (TERT, LLPS) 
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Pressure ulcer prevention with LLPS 
 
An animal study used varying pressures and durations of pressure application to investigate the development of 
pressure ulcers on the earlobes of white rabbits. It was shown that the development of different grades of pressure 
ulcer depended on the pressure applied and the duration of application. Application of a high pressure (300 mmHg) 
for a short period resulted in development of grade 3 pressure ulcers in 9 out of 10 cases, application for a longer 
period in grade 4 pressure ulcers. A pressure of 100 mmHg applied for a brief period resulted in grade 1 pressure 
ulcers, for a longer period in grade 2 pressure ulcers. Application of a pressure of 50 mmHg did not result in the 
development of pressure ulcers irrespective of the period of application (4). The use of Ultraflex® joints in accordance 
with the LLPS modality does not result in the development of pressure sores. 
 
Extracts from a range of studies demonstrate the medical benefits of dynamic treatment of contractures. 
 
A 1984 study compared LLPS to HLBS for treating knee contractures.(5) The study was set up to compare a traditional 
technique for treating contractures by stretching knee contractures using a high load for a brief period (HLBS) with the 
results of an experimental method involving more prolonged treatment with a low load (LLPS). Passive range of 
motion (pROM) of the knee was measured using standard goniometry (measurement of angles). The test subjects for 
the study consisted of 11 patients with progressive bilateral knee contractures. Each test subject was treated on one 
side using the standard HLBS technique and on the other using the LLPS technique. Which side was treated with 
which technique was selected at random.  
The results demonstrated a significant preference for LLPS for treating knee contractures. The treatment was carried 
out twice a day, 5 days a week, for four weeks. In 10 out of 11 cases, the use of the LLPS technique achieved a 
significantly better result than was achieved in the other knee treated using the HLBS technique. 
 
Sample patient 4 

Patient Treatment  
modality 

pROM  
pre-treatment 

pROM post-
treatment 

Difference     
pre- and post-
treatment 

Difference  
LLPS / HLBS 

4 LLPS -99° -70° 29°  

 HLBS -80° -67° 13°  

   +16°

 
A 1997 retrospective study examined the efficacy of low load, prolonged stretch (LLPS) orthoses for treating 
contractures. The medical records of 17 patients from skilled care facilities, hand clinics, and hospitals were examined. 
There were a total of 18 contractures (2 wrists, 12 elbows, 4 knees), presenting as sequelae of neurological and 
orthopedic disorders.  

The records contained information on range of motion, functional outcomes, and schedules. The study participants 
were able to be divided into two groups: Geriatric patients with neurological disorders and a somewhat younger 
group with pathological musculoskeletal problems. Both groups exhibited a significant improvement in range of 
motion after using LLPS orthoses. All sub-groups showed a significant improvement in range of motion, which in turn 
resulted in improved function. (7)  
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In response to a previous study showing that neuromuscular electrical stimulation (NMES) combined with dynamic 
contracture treatment represented a safe and effective treatment for spasticity of the upper extremities in children 
with cerebral palsy, a study was carried out to evaluate whether combined treatment with NMES and a dynamic 
orthosis was more effective than NMES or dynamic contracture treatment alone.  

The randomized double-blind study was undertaken with 21 patients aged between 3 and 18 with spastic hemiplegia. 
Patients were assigned to one of three groups:  

Group 1 (n = 7) were treated using NMES only 

Group 2 (n = 7) were treated using a dynamic orthosis only 

Group 3 (n = 7) were treated using a combination of NMES and a dynamic orthosis 

Patients with uncontrolled seizures and/or previous surgery to the upper extremities were excluded from the study. 
Assessment was based on dexterity, grip, and force, the Zancolli classification (good voluntary function, restricted 
voluntary function, use as a helping hand, lack of function), and a questionnaire on activities of daily living.  

Patients were assessed one month prior to commencing treatment, on commencing treatment, and three times whilst 
treatment was in progress. Group 3 (combined therapy) experienced a 95 % improvement, group 2 (splinting) a 67 % 
improvement, and group 1 (electrical stimulation) a 30 % improvement. Patients treated with the combined therapy 
had improved function in their upper limbs and made further progress in their ability to perform activities of daily 
living.  

This non-invasive treatment was able to reduce the need for pharmacological injections and surgical interventions.(8) 
A 2006 case report on the use of dynamic orthoses to reduce knee flexion contractures in an 8-year old boy with low 
thoracic spina bifida (myelomeningocele) also demonstrated the efficacy of custom-made night knee orthoses with 
dynamic extension elements.(9) 

Children with myelomeningocele are one of the groups at risk of developing contractures. Contractures of the knee 
flexors are common, especially in children with a spinal column defect proximal to L3 and in children with impaired 
mobility. A pair of night orthoses (KAFOs) with dynamic corrective components was formulated, in which the orthoses 
actively stretched the joint for a preset duration and with a preset torque.  

A number of different orthoses consisting principally of fixed AFOs permitting limited activity in combination with a 
parapodium swivel walker had been tried out in the past. An anterior tibial tendon transfer was carried out at the age 
of five. The first mention of knee flexion contractures occurred at the age of six, probably developing as a result of the 
congenital tethered spinal cord and resulting spasticity.  

Initial assessment of the contractures identified a range of motion for knee flexion of about -40 degrees. 
The patient was treated with bilateral custom-made PP-KAFOs with a solid ankle section. Bilateral dynamic corrective 
components with adjustable flexion stops were used as knee joints. A power unit with medium torque was selected. 

The settings used and ranges of motion were measured and recorded at follow-up appointments and are set out in 
table 1. Further improvement to the patient's knee contractures was anticipated.   
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Table 1: Knee ROM values  

Date R1 right R2 right R1 left R2 left R f stop L f stop R torque R torque

05.17 -35° -25° -45° -30° -50° -65° 1.5 1.5 

05.31 -30° -20° -40° -30° -50° -65° 1.5 2.0 

06.14 -25° -15° -35° -23° -40° -50° 1.5 2.0 

07.06 -25° -18° -30° -20° -40° -45° 2.5 2.5 

 
Where dynamic orthoses are used to treat joint contractures, successful treatment results from the use of suitable 
components, suitably adjusted. (10) Successful treatment depends on both the type of dynamic joint and the overall 
design of the orthosis.  

The orthosis should ensure efficient transfer of dynamic stretch components in the required plane. Facilitating 
movement in other planes or on neighboring joints can help improve patient compliance.  

In a 2006 study, Phil Stevens MEd and Tom DiBello CPO state that, in addition to orthosis design and treatment 
method, patient selection also plays an important role. Children with myelomeningocele and their families are often 
examined regularly by orthopedic, physical medicine, physiotherapy, occupational therapy, and urology specialists. 
These examinations frequently result in treatment with dynamic corrective components. Preparing the demanding 
follow-up examination protocols in their institution requires that the child's family is willing to offer adequate support.  
It should be ensured that the family is sufficiently committed to the proposed treatment. Stevens and DiBello found 
that, in combination with custom-made orthoses, in suitable patients and with a suitable therapeutic approach, 
dynamic orthosis joints were able to measurably reduce contractures (9). 

A 2003 case study compared the efficacy of 2 different treatment systems in restoring range of motion of the elbow 
(11): 

 dynamic corrective components 
 static fiberglass casts  

The subjects consisted of three children, all 7 years of age, with primary cerebral palsy and moderate to severe 
spasticity, which had resulted in restricted passive or active mobility in both elbows.  

A baseline assessment, consisting of a modified Ashworth scale, passive movement, and details of the main caregiver, 
was made prior to BTX injection. Assessment was carried out prior to BTX treatment and 2, 6, and 8 months after BTX 
treatment. In each case, one side was treated using a static fiberglass cast, the other with dynamic corrective 
components.  

Passive stretching aims to restore movement by holding the joint in a submaximal stretched position. Success can be 
limited by loss of soft tissue elasticity. In this case, serial casts which held the joint in the required position were used 
for passive stretching in order to gradually lengthen the tendon and muscle tissue.  

Major improvements to ROM were achieved when prolonged stretching with a low load was employed, a combination 
which also had the advantage of allowing pain-free treatment. In this case, this was achieved using a custom-made 
orthosis with dynamic corrective components which used the LLPS modality to deliver prolonged, dynamic stretching 
with a low load. The orthosis used in this case had separate upper arm, lower arm, and wrist segments made of 
thermoplastic materials. The system also included a power unit which allowed the force applied to each joint to be 
steplessly regulated.  
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Test subject 1 was a 7-year old girl with cerebral palsy and spastic quadriplegia. She required assistance with mobility 
and care. She had limited cognitive and developmental skills. At the time of the study she was being treated with 
baclofen and phenobarbital.  

Test subject 2 was a 7-year old girl with cerebral palsy and spastic quadriplegia.  At the time of the study she was 
being treated with Depakote to reduce fits and baclofen to control her muscle spasticity.  

Test subject 3 was a 7-year old boy with cerebral palsy and spastic quadriplegia.  He was being treated with baclofen 
to reduce muscle spasticity. Feeding was via a gastrostomy tube. He had asthma and had a high degree of 
dependency. The test measured velocity-dependent resistance to passive movement. One of many characteristics of 
patients with lesions of the central nervous system. Other characteristics of lesions of the central nervous system were 
not measured.  

Eight months after treatment (BTX, serial casts, bivalve casts, dynamic corrective components), the parents were asked 
to fill out a questionnaire which assessed the benefits for the caregiver and satisfaction with the device of choice in 
respect of fitting and range of motion. A long arm cast orthosis was fabricated by an occupational therapist and a 
dynamic corrective orthosis by a certified orthotist. The two orthoses were randomly assigned to the left or right side. 
The cast and dynamic corrective orthosis were worn for 4 hours per day simultaneously. Following use of serial casts, a 
significant increase in passive elbow extension was observed in both elbows. This increase was, however, only 
temporary. Because the effects of the BTX diminished over time, there was an increase in spasticity, as a result of 
which all 3 children had problems wearing the orthosis.  

Clinical examination in the fifth month of treatment showed an increase in spasticity and a gradual decline in passive 
mobility (relapse). All 3 children required a new cast orthosis. The spring in the dynamic corrective orthosis' power unit 
was reset to a force which was able to be tolerated by the child. Passive mobility was improved only temporarily by 
treatment with serial casts. Treatment with casts resulted merely in a stagnation of, rather than an improvement in 
ROM. One of the test subjects exhibited a loss of mobility at the 8-month assessment. Use of dynamic corrective 
components improved range of motion.   

In a questionnaire, all parents of the test subjects stated that overall they preferred the dynamic corrective orthosis. 
Two of the parents stated that their child was able to wear both the cast and the dynamic corrective orthosis for more 
than 4 hours per day; one parent stated that their child was only able to tolerate the treatments for 4 hours per day. In 
the open-ended section of the questionnaire, one parent stated that the dynamic corrective orthosis was easier to 
clean. Another mother described the dynamic corrective orthosis as lighter than the cast. It was also reported that the 
joint on the side with the dynamic corrective orthosis was more flexible following removal of the orthosis. Extended 
treatment periods in the required position with an orthosis in accordance with the LLPS system are able to increase 
the gradual improvement in mobility even more comfortably and effectively if the procedure is carried out over a 
longer period.  

Overall, the parents preferred the dynamic corrective orthosis, as it ensured a positive, long-term result. Treatment 
with a static cast, by contrast, showed only a temporary improvement (relapse). The results of this study demonstrate 
that a dynamic corrective orthosis is better suited to increasing range of elbow motion and maintaining mobility than 
treatment with a cast.  
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In response to the insight that birth injury to the brain or traumatic injuries often result in damage to the central 
nervous system (CNS), leading to muscle spasticity and consequent abnormal positioning of the arm, Yasukawa (14) in 
2008 performed a test which demonstrated that the use of a dynamic and a static orthosis effected an improvement in 
the range of motion of the elbow and wrist.  

The test involved providing five children with an orthosis for one arm, and one child with an orthosis for both arms. 
None of the children demonstrated functional use of the affected limb. Their spasticity had a negative effect on 
passive movement of the elbow and wrist.  All of the participants were treated with serial wrist casts (static) for 3-4 
weeks, and were then provided with a dynamic corrective orthosis. A follow-up assessment after 10 months found that 
test subjects who had worn the dynamic corrective orthosis in accordance with the prescribed protocol showed an 
improvement in passive mobility of the elbow, wrist, or both elbow and wrist in five of seven cases.  

The results demonstrate a positive relationship between wearing the dynamic corrective orthosis and elbow and wrist 
mobility compared to wearing no orthosis. The power unit for the elbow joint was set to a maximum of 2 (of 7). An 
improvement in ROM was nonetheless observed in four of the seven patients. A key factor for successful treatment is 
compliance with and monitoring of the treatment plan by parents and caregivers. 

A key principle for successful treatment with dynamic corrective orthoses is TERT, as described by Kenneth R. Flowers 
(15, 16). The TERT theory states that the degree of increase in passive range of motion (pROM) of a joint contracture is 
proportional to the time for which the joint is held at the end point of its range of motion. Kenneth R. Flowers (16) 
described the efficacy of the LLPS modality in three 1988 case studies.  

In the first case, in December 1983, a 22-year old woman suffered an intra-articular comminuted fracture of the distal 
humerus. The fracture was treated surgically using Kirschner wires and fixed in a plaster cast for 7 weeks. The elbow 
ROM was 51°/ 75° (24°). The Kirschner wires were removed 3 weeks after removal of the cast. Following 2 more weeks 
of active exercises, a ROM of 45°/85° (40°) was measured. In July 1984, surgical release of the elbow was carried out 
and the elbow then treated using a CPM splint. The ROM improved to 50°/90° (40°). Treatment with a dynamic 
orthosis was commenced in August. The orthosis was worn for 23 hours per day (10 h flexion, 13 h extension) and was 
removed for hygiene purposes and active exercising only. On September 20, 1984 the ROM was 23°/107° (84°). 
Regrettably, the treatment had to be stopped as the patient refractured the arm in a car accident in October 1984. 

Case 2: 43-year old woman, incomplete tear of the patella tendon, March 1988, treatment: tendon suture. On 
commencing physiotherapy, the ROM was 20°/45°. After 3 weeks, flexion was 90°, extension remained at 20°. A 
dynamic orthosis for night wear was prescribed. After 3 weeks, the AROM was 15°/100° and PROM 0°/105°. A further 5 
weeks later the AROM was 20°/115° and PROM 0°/120°. After 3 months, full flexion and extension had been restored. 
A planned surgical intervention was able to be averted. 

Case 3: 22-year old male student, traumatic amputation of the index, middle, and ring fingers in February 1986. The 
middle finger was replanted and therapy performed to restore activity, movement, and function. It proved impossible 
to restore either passive or active movement to the PIP. A PIP arthroplasty was performed in 1988. Therapeutic 
measures including CPM, NMES, and AROM exercises were performed from May 1988. In August 1988, with PROM 
flexion at 45°, a dynamic flexion orthosis was adjusted for the PIP joint. The orthosis was used for 2-3 hours per day 
and by October 1988, PROM flexion had increased to 50°. 
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Dynamic corrective components - treating the hip 

A 2005 study (13) showed that a dynamic corrective component for the hip joint was able to achieve the objective of 
building an orthosis which was able to be easily applied to the patient's leg in the adducted position by parents or 
caregivers and then, by clicking a release, to position the leg in the abducted position.  

The objective was to use the experience with the A-frame to delay, reduce, or avoid surgery, to use stretching to 
counteract shortening of the adductors and internal rotators, and to achieve secure seating of the head of the femur 
in the acetabulum. Two problems with this group of patients are parent and caregiver compliance due to difficulty in 
donning the orthosis with a child with spasticity and/or a contracture in the abducted position, and internal rotation 
resulting from pulling and tension when the legs are in the abducted position.  

The orthosis was fabricated in a standard A-frame shape, with dynamic corrective components also deployed at the 
knee in order to improve ROM of the ischiocrural muscles. This scenario provided the first dynamic hip abduction 
splint for hip abduction and exceeded the expectations of the treatment team. The legs remained internally rotated. 
The orthosis was extended with an ankle grip in order to correct this internal rotation. A mechanism for adjusting 
rotation in the distal part of the splint was added subsequently. As far as the author is aware, this was the first 
component to permit static control of internal rotation in the transverse plane. The patient was instructed to wear the 
orthosis every night while sleeping and for an hour during the day. The ability to remove the joint rapidly (quick 
release catch for the leg grip) was also appreciated.  

The patient wore the orthosis for about six months, during which the abduction angle increased from approximately 
20 degrees bilaterally from the mid-sagittal line to approximately 40 degrees bilaterally. Clinically, the patient had a 
less scissored gait and a greatly improved cadence. 12 further patients were treated with the system described in 
order to obtain further insights.  
 
 

Summary 
 
The use of dynamic corrective components enables a continuous corrective force to be applied in the direction of 
extension or flexion. Orthoses with dynamic corrective components are designed to permit the joint to be moved in a 
chosen direction.  
 
With the aid of dynamic corrective components, spastic muscles are isolated, stretched, and mobilized. The rest 
position is improved and strength restored to weakened muscles. A precise and constant torque permits submaximal 
stretching (below the level at which reflex contractures occur) and reduces stress on the antagonistic muscles.  
 
Use of dynamic corrective components can also offer the necessary protection and safe, gradual joint mobilization 
post-operatively and during rehabilitation of injuries which have resulting in contractures. The process of gradual, 
precise, evenly applied stretching promotes growth of shortened tissue or remodeling of altered tissue and increases 
joint activity. They should be worn for at least 7 hours per day.  
 
 Low load, prolonged stretch  

 Conformity with TERT  

 Prevention of skin irritation (ulceration, etc.)  

 Lasting improvement in range of motion  

 Avoidance of excessive internal pressure on the joint  
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