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Feature—Lower-Limb Prosthetics Society

Improving Outcomes 
for Bilateral Transfemoral Amputees: 
A Graduated Approach to Prosthetic Success
■	 Kevin Carroll, MS, CP, FAAOP
 Randy Richardson, RPA

Abstract
Patients with bilateral transfemoral amputa-
tions face a complex process of physical and 
emotional recovery. Though regaining mobil-
ity and learning to walk on prostheses are usu-
ally the ultimate goals, most new amputees are 
overwhelmed by how difficult it is to become 
a highly functional bilateral prosthesis user. 
Issues of stability, balance, and energy expen-
diture are magnified. Often, even after months 
of intensive effort at rehabilitation, patients 
lose confidence that they will be able to walk 
comfortably and independently on two trans-
femoral prostheses. It may seem that their 
most practical option is to accept using a 
wheelchair for mobility. For many, facing this 
reality can lead to depression, physical decon-
ditioning, and weight gain.

In working with numerous such patients, some of whom are 
recently wounded American service members, the authors have 
developed a comprehensive approach to improving long-term 
prosthetic outcomes for bilateral transfemoral amputees. This 
strategy includes four broad phases: building confidence in 
prostheses; walking on short legs with training feet; graduated 
increases in height; and walking on full-length legs with knees 
and prosthetic feet. The following case studies reflect the expe-
riences of several bilateral amputees—people who have navi-
gated the winding road that lies between the severe trauma of 
bilateral limb loss and the possibility of regaining mobility and 
independence.

Phase 1: Building Confidence in Prostheses
Improving prosthetic outcomes for bilateral transfemoral 
amputees has to begin with building their confidence in the 
usefulness of prostheses. The patients featured in these case 
studies each initially presented in a wheelchair and stated that 
they did not believe they would ever be full-time, functioning, 
independent prosthesis users. In every case, the catalyst that 

changed their thought process was meeting a bilateral trans-
femoral amputee who had successfully achieved being a full-
time prosthesis user.1

Staff Sgt. Heath Calhoun, ret., age 29, lost both of his legs 
above the knee in 2003 while serving in Iraq. He had nine 
months of inpatient rehabilitation and prosthesis training. Over 
the next two years, he tried different sockets and components, 
including a pair of computerized knees, but he continued to 
struggle with balance. The difficulty of walking on bilateral 
prosthetic legs outweighed the benefits, and Calhoun came to 
believe it was impossible to be a full-time prosthesis user and 
that he would always rely on a wheelchair.

In 2006 Calhoun attended a workshop at the Amputee Coali-
tion of America (ACA) national conference and met bilateral 
transfemoral amputee Cameron Clapp. Clapp was wearing two 
prosthetic legs and a prosthetic arm on his right side. “I was 
astounded to see what he was doing,” Calhoun says. “It was 
almost as if he could function like a person with two natural 
legs.” Clapp had become a prosthesis user in 2002 by following 
the graduated approach to fitting a bilateral transfemoral ampu-

A

Phase Criteria For Completion
1:  Building 
     Confidence

• Peer-to-peer support with high-functioning bilateral transfemoral user. 
• Renewed hope of being a successful prosthesis user.
• Willing participation in physical therapy, daily stretching, conditioning,  
  weight control.
• Family/friends understand their support role.

2:  Walking on    
     Short Legs 

• Continued peer-to-peer support.
• Continued PT, stretching, conditioning, weight control.
• Confidently and safely ambulating all day on short legs.
• Minimal or no need for crutches, canes.
• Minimal need for wheelchair.

3:  Graduated  
     Increases in  
     Height

• Continued peer-to-peer support.
• Continued PT, stretching, conditioning, weight control.
• Confidently ambulating all day on short legs.
• Able to safely manage daily obstacles such as curbs, inclines, stairs.
• Minimal or no need for wheelchair.

4:  Walking in  
     Full-Length  
     Legs 

• Continued peer-to-peer support.
• Continued PT, stretching, conditioning, weight control.
• Confidently ambulating all day on full-length legs.
• Able to safely manage daily obstacles such as curbs, inclines, stairs.
• Minimal or no need for crutches, canes.
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tation (figure 1). He became Calhoun’s peer support, encourag-
ing him to try prostheses again using the graduated approach. 
“Be determined and ambitious,” Clapp says. “You have to want 
to do something about your situation.”

In spite of using a wheelchair full time, Calhoun had remained 
physically active, learning to snow ski just five months after 
his injury. In 2005, he began training on a hand cycle and suc-
cessfully completed the Soldier Ride National Tour, a 4,200-
mile cross-country bike ride. His strength, stamina, and healthy 
weight meant that he was physically prepared to begin phase 
2, walking on short legs with training feet. After three months 
with graduated increases in height, Calhoun transitioned to full-
length prosthetic legs with microprocessor-controlled knees 
(figure 2).

Many people with bilateral amputations who use a wheelchair 
are seriously deconditioned and often overweight—two factors 
that will inhibit their ability to move into phase 2. For these 
patients, conditioning, stretching, and losing weight must begin 
as soon as possible. A comprehensive physical therapy pro-
gram2 is vital to their ability to move forward in their prosthetic 
rehabilitation. Every effort should be made to locate a physical 
therapist who is experienced in working with amputees, includ-
ing prosthesis users. Patients who are unable to commit to the 
rigorous work of getting into good physical shape will continue 
to struggle with the demands of becoming a prosthesis user and 
are likely to prefer using a wheelchair.

One potential psychological barrier for some patients is their 
unwillingness to be short. They may have strong feelings about 

being returned to their former 
height and are very self-conscious 
about the idea of going out in pub-
lic wearing short legs. In fact, the 
authors have worked with several 
people who wanted to be prosthe-
sis users but could not come to 
terms with starting out on short 
legs. In these cases, patients will 
typically insist on wearing full-
length legs and will often struggle 
for months and even years try-
ing to be functional on full-length 
legs. Eventually, the frustration of 
using full-length legs can bring 
them to a point at which they 
will try short legs, or they give up 
entirely on using prosthetic legs 
for mobility. Peer-to-peer sup-
port from another patient who has 
already been through this process 
can be very helpful to the new 
patient.1, 2

Engaging the support of the 
patient’s family and friends is an 
important component of phase 1. 

Many family members are very involved with helping the per-
son with bilateral transfemoral amputations and as a result fall 
into behaviors that prevent the patient from doing even simple 
things without assistance. Often, family members and friends 
are trying to protect the patient from being disappointed again 
or from doing anything that might lead to potential physical 
injury, such as falling. The clinician must help family members 
and friends understand that they play a vital support role in the 
patient’s rehabilitative success. Accepting and encouraging the 
patient completely as a short person is a good place to start.

Patients are ready to move into the next phase when they have 
made progress in two vital areas. On a psychological level, they 
have renewed hope that there is a path to being a successful 
prosthesis user. Physically, they are taking the necessary actions 
of physical therapy, daily stretching, conditioning, and weight 
control.

Phase 2: Walking on Short Legs  
(“Shorties”) with Training Feet
After many years of clinical experience, the authors have come 
to believe that it is counterproductive to expect bilateral trans-
femoral amputees to move directly from a wheelchair to wearing 
full-length prosthetic legs.3 A more practical and realistic step 
is to focus on getting patients out of the wheelchair by fitting 
them initially with short prosthetic legs with custom-designed 
training feet. The absence of pylons and knees have numerous 
benefits, including stabilizing balance and reducing the risk of 
injury from falls.1 Although patients will experience significant 

Figure1: Cameron Clapp with his prosthetist, 
Kevin Carroll, MS, CP, FAAOP.

Figure2: Staff Sgt. Heath Calhoun, ret., enjoys 
his independent lifestyle on full-length prosthetic 
legs with microprocessor-controlled knees.
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energy expenditure as they begin walking on “shorties,” it still 
requires substantially less energy than walking on full-length 
legs. Using short legs without prosthetic knees can reduce 
heart rate and oxygen use by 7–23 percent and can increase 
walking speed by up to 25 percent.4

Short legs include anatomically contoured prosthetic sockets 
and custom-made training feet. The fit of the sockets is criti-
cal to the patient’s success. Sockets 
must be comfortable, accommodating 
the bone, muscle, vascular, and nerve 
structures of the residual limbs5 (fig-
ure 3). As the patient becomes active, 
the muscles in the residual limbs 
strengthen and grow; the flexible 
socket material locks onto the bones 
and muscles without causing surface 
damage to the skin. The secure fit of 
direct-contact suction sockets makes 
them the preferred approach for most 
bilateral users. Some people may 
need to wear gel liners to help con-
trol swelling or to protect skin from 
damage. Direct-contact suction sock-
ets enhance proprioception while gel 
liners may diffuse it.6 Several patients 
who have used the graduated approach 
to bilateral transfemoral prostheses 
have commented to the authors on 
the increased feeling and control they 
experience with direct-contact suction sockets.

In prosthetic facilities that train patients on short legs, it is 
often customary to use actual prosthetic feet that are turned back-
wards, providing less forefoot for the person to deal with while 
learning to walk. While this practice works for some patients and 
is easy for the clinicians, the authors have observed that many 
patients are discouraged by the appearance of a backward foot. 
In the graduated-fitting approach, the small 
training feet that are custom made for each 
patient receive a favorable response and also 
increase functional ability (figure 4).

Cameron Clapp, age 22, lost both legs 
above the knee and his right arm above the 
elbow in 2001 when he was struck by a train 
(figure 5). His desire to become a prosthe-
sis user provided the initial momentum for 
this graduated approach to prosthetic fit-
ting. Initially, Clapp was not willing to wear 
short legs and insisted on going right into 
full-length legs. He was diligent in physi-
cal therapy and used parallel bars at home 
to continue his walking training, but even 
after months of effort, he found that wearing 
full-length prosthetic legs was too difficult. 
Clapp agreed to try shorties after all, had 

several gradual height increases over a period of five months, 
and then successfully graduated to full-length legs.

By committing to the use of shorties all day, every day, 
patients quickly improve their physical condition and develop 
daily routines that do not involve a wheelchair. It is counter-
productive to use the shorties for only an hour or two a day 
while continuing to use a wheelchair for the majority of daily 

tasks. Patients may believe that using a wheelchair will be 
quicker in covering long distances, such as when going 
to a shopping mall.7 Though this may be true, it actually 
works against their goal of becoming independent pros-
thesis users. Sitting in a wheelchair puts them in a posi-
tion that can cause flexion contractures in the residual 
limbs. Encouraging patients to stop using a wheelchair 
completely and wear the shorties full time, regardless of 
how long it might take to do certain tasks, is one way that 
family members and friends can help patients make prog-
ress. An ongoing physical therapy program should con-
tinue and will also help patients improve their mobility 

on shorties.
Another component of phase 2 

is teaching patients how to fall and 
how to get back up. Often, clini-
cians, therapists, and family mem-
bers are very focused on never 
allowing patients to be in a situa-
tion where they could fall. Falls are 
an inevitable part of learning to be 
a bilateral transfemoral prosthesis 

user. It is much less frightening to fall when wearing shorties 
than when wearing full-length legs, and the incidence of injury 
also is much lower. The most difficult tasks include stepping off 
curbs, walking down stairs, and walking down ramps. In order 
to learn to successfully navigate these obstacles and build their 
confidence, patients need to put themselves in an environment 
with curbs, stairs, and ramps.

The role of the clinician from this 
phase forward is not only to create and 
fit the proper prostheses, but also to act 
as the primary source of encouragement 
and enthusiasm for the patient. The pros-
thetist must truly “be there,” ensuring the 
fit and functional readiness of the pros-
theses and leading the patient forward 
with hope and confidence. Peer-to-peer 
support is also a key element of keep-
ing the patient motivated and moving 
forward.1, 2 Clapp’s accomplishments as 
a prosthesis user have been the inspira-
tion for many others to leave their wheel-
chairs behind. He provides the absolutely 
vital peer support that newer amputees 
need in order to believe it is possible 
to be a full-time bilateral transfemoral  

Figure 3: 
Anatomically 

contoured trans-
femoral sockets 

accommodate the 
bone, muscle, 
vascular, and 

nerve structures of 
the residual limbs.

Figure 4: Small training feet are 
custom made for each patient.

Figure 5: Trilateral amputee Cameron 
Clapp was 15 years old when he was struck 
by a train.
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prosthesis user. Today, Clapp walks on his prostheses with 
microprocessor knees every day. “Many of the activities that 
I love to do would not be possible without prostheses,” Clapp 
says. “Prostheses enable people to pursue the things that make 
their life richer” (figure 6). It is worth noting that two other 
bilateral transfemoral prosthesis users gave peer-to-peer sup-
port to Clapp after his injury—people who built his confidence 
in the possibility of a favorable prosthetic outcome.

Patients are ready to move on to the next phase when they are 
confidently and safely ambulating an entire day on short legs, 
with minimal or no need for crutches or canes.

Phase 3: Graduated Increases in Height
Patients who are ambulating well on shorties and training 
feet are ready to gradually increase their height. The first 
increase is usually about two inches and is accomplished 
by adding pylons between the 
sockets and the training feet. This 
increase usually requires patients 
to re-stabilize their balance and  
to expend more energy. A torque 
absorber can also be introduced 
to help reduce the shear forces of 
the residual limb moving against 
the wall of the socket.

At this phase, most patients 
are reaching an improved level 
of physical conditioning and their 
stamina is in creasing. This is crit-
ically important because walk-
ing on bilateral full-length legs 
expends 280 percent more energy 
than that required from a person 
who is not an amputee.8 Although 
continued physical therapy is still 
a good idea, what matters most is         
that the patient is using the short-
ies every day for walking and most other activities.

Reentering the community as a shorter person is also a nec-
essary part of the patient’s rehabilitation. It is not unusual for 
patients to resist venturing outside of their comfort zone while 
wearing shorties. Nonetheless, they should be strongly encour-
aged to go into public places such as restaurants, stores, and 
even into their workplace7 (figure 7). There is a definite psy-
chological component of building confidence while adjusting 
to being seen by others as shorter or different. Patients must be 
reminded that every step they take in shorties brings them closer 
to attaining functional independence with full-length prosthe-
ses. With a little experience on short legs, most patients start to 
appreciate that they are able to be more independent than they 
were when using a wheelchair.

Susan Bailey, age 25, lost both of her legs above the knee in 
July of 2007 as a result of Escherechia coli bacteria leading to 
septic shock. She spent two months recuperating in the hospital, 

and when she was well enough, began trying to learn to walk 
on full-length legs. She relied on a wheelchair for mobility. In 
May of 2008, she had her first consultation with the authors, 
learned about the graduated approach to prosthetic fitting, and 
began walking on short legs. “With the shorties, I felt mobile 
again, like I could get up and go where I wanted to go, do what I 
needed to do,” Bailey says. In June 2008, she attended the ACA 
conference and met bilateral transfemoral prosthesis user Heath 
Calhoun. Seeing him walk so well on full-length legs helped 
build Bailey’s confidence that she could be a full-time pros-
thesis user (figure 8). They became friends, and later, Calhoun, 

along with another bilat-
eral user, Staff Sgt. Roland 
Paquette, ret., came to her 
prosthetic clinic in Mary-
land for a peer-to-peer visit. 
Bailey experienced several 
graduated height increases 
over six months, and in 
November 2008, she suc-
cessfully moved from short 
legs to full-length legs with 
microprocessor-controlled 
swing-and-stance hydrau-
lic knees. Her husband and 
family provided excep-
tional support throughout 
the entire process, learn-
ing that sometimes the best 
thing to do was to step back 
and allow her to rediscover 
her independence.

Following a graduated 
increase in height, patients must reestablish their balance 
and coordination. Height is then increased by an inch or 
more every few weeks. Without the added challenge of Figure 6: Today, Clapp is a very  

active 22-year-old college student.

Figure 7: While patients are 
training on shorties, it is im-
portant for them to reintegrate 
into the larger community.

Figure 8: Susan Bailey and Calhoun share peer-to-peer support at 
the ACA national conference.
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using two prosthetic knees, the patient slowly grows taller while 
becoming more confident and independent. After numerous 
height increases, some patients find that the extra-long pylon 
begins to get in the way in certain situations. In these cases, a 
pair of manual locking knees may be introduced to the short 
legs so patients can bend their legs when they need to sit down 
or get into a car. By the time patients are ready for the next 
phase, typically about 15 inches have been added to their height 
since they began wearing short legs.

Phase 4: Walking in Full-Length Legs  
with Knees and Prosthetic Feet
Bilateral transfemoral amputees and the 
prosthetists and therapists who work with 
them share a vision of complete mobility on 
two transfemoral prostheses—a vision that 
is much more likely to become a reality by 
following a graduated approach to prosthetic 
fitting. In this final phase, patients graduate 
to wearing full-length legs with micropro-
cessor-controlled swing-and-stance hydrau-
lic knees and energy-storing prosthetic feet.

The key components in the full-length 
prostheses are the microprocessor-controlled 
swing-and-stance hydraulic knees. These 
knees automatically adapt to the speed, 
length, and frequency of each step, resulting 
in the most natural gait pattern possible. This 
is particularly useful when the user encoun-
ters slopes, uneven surfaces, curbs, or stairs. 
Security is increased and the risk of falling is 
minimized with this specific knee.9 Patients 
react positively to the feeling of stability they 
experience with these knees, and the smooth, 
natural gait allows them to incorporate the prostheses as part of 
their total body image .10

The training feet are replaced with carbon-fiber energy-stor-
ing prosthetic feet. Slightly firmer feet are preferable. Softer 
feet will usually have a negative effect on knee flexion and 
make it difficult for bilateral users to initiate flexion of the knee 
when they want to sit down. It is also preferable to use stan-
dard pylons instead of pylons with torsion adapters. The use of 
torsion adapters adds additional weight to the distal end of the 
prostheses, and the added rotation at the feet requires additional 
energy expenditure.

Paquette, age 29, served as an Army Special Forces medic 
in Afghanistan. He lost his legs following an explosion in 
2004. About nine months into his recovery at a military hospi-
tal, Paquette met bilateral transfemoral prosthetic user Clapp. 
Observing Clapp’s high level of functioning, Paquette dedi-
cated himself to learning to walk on full-length prostheses. After 
two years of struggling to walk and spending a lot of time in a 
wheelchair, Paquette saw a video of Heath Calhoun walking 
and playing golf while wearing his bilateral transfemoral pros-

theses. Paquette scheduled a consultation with the authors, who 
suggested he try walking on microprocessor-controlled swing-
and-stance hydraulic knees. Paquette experienced an immedi-
ate improvement in both stability and gait, and with continued 
training, was able to become a full-time prosthetic user (figure 
9). It is important to note that Paquette was in excellent physi-
cal condition and had been through a prosthetic rehabilitation 
program; these factors made it easier for him to quickly move 
forward once he was fitted with microprocessor-controlled 
swing-and-stance hydraulic knees.

Most full-time bilateral above-knee prosthesis users who 
have followed the outlined program will find that using full-

length prostheses with microprocessor-
controlled swing-and-stance hydraulic 
knees allows them the most function in 
an average day. It is important to note 
that “full-length” typically does not 
refer to the height the individuals were 
prior to their amputations. In fact, most 
users of full-length prostheses prefer to 
be a few inches shorter since they find 
it is easier to balance and to bend over 
to pick up objects from the floor. Most 
users also prefer smaller-sized feet that 
are more convenient when driving an 
unmodified vehicle. It is easier to safely 
move between the gas and brake pedal 
in that confined area.

Energy expenditure is increased when 
wearing full-length legs, but patients 
are usually prepared for that due to the 
conditioning and physical therapy they 
experienced in phases 2 and 3.8

Conclusion
Bilateral transfemoral amputees present complex challenges 
to prosthetists and the entire rehabilitation team. There are 
many vital components to achieving a positive prosthetic 
outcome: peer-to-peer support, a motivated patient who is in 
good physical shape, comfortable prosthetic sockets, healthy 
residual limbs, ongoing physical therapy, positive family sup-
port/involvement, and unwavering commitment from the 
prosthetist and rehabilitation team. The combination of all 
these factors can result in favorable outcomes for patients. The 
graduated approach to prosthetic fitting can also be applied to 
bilateral amputees who have a hip disarticulation on one side 
and a transfemoral amputation on the other side.

In these case studies, short legs have been presented as an 
integral training tool for phases 2 and 3 in the graduated reha-
bilitation process for bilateral above-knee prosthetic users. 
However, for most patients, shorties will continue to be use-
ful in other situations throughout their lifetime. Sometimes it 
is simply easier and more practical for people to wear short-
ies, such as when they are doing chores at home, working in 

Figure 9: With the help of prosthetist Chad 
Simpson, BOCP, LP, Staff Sgt. Roland Paquette, 
ret., gets acquainted with his microprocessor-
controlled swing-and-stance hydraulic knees.
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their garden, visiting the beach, or playing with their children. 
Shorties can also be more functional for some sports and rec-
reational activities. Clapp has worn short legs for snow skiing, 
and Paquette wears shorties for swimming, replacing the stan-
dard feet with swim ankle/feet (figure 10).

From a broader perspective, it is important for all members of 
the rehabilitation team to keep in mind that bilateral transfemoral 
amputees have usually experienced a traumatic event or illness 
that led to their amputations. Often, their condition is described 
as polytrauma—recovering from several serious injuries simul-
taneously. Learning to be a prosthesis user is just one of many 
challenges these patients face in reestablishing a state of physi-
cal and psychological health and wellness. As clinicians, we are 
asking a lot from people who are moving through various stages 
of the healing process. Expecting too much or demanding rigid 
compliance may only lengthen the rehabilitation process. All 
clinical efforts at creating a positive prosthetic outcome should 
be balanced with encouragement and patience.

While it is true that reaching the goal of becoming a full-time 
prosthesis user depends on the hard work and discipline of the 
patient, everyone on the care team must be accountable for his 
or her specific tasks—particularly the prosthetist. It is the pros-
thetist’s responsibility to ensure that the prostheses are com-
pletely functional during each phase of the graduated approach 
to fitting. The prosthetist must be proactively involved from 
start to finish and, in collaboration with the physical therapist, 
family, and peer visitors, build an enthusiastic support base.

In conclusion, the most convincing evidence of the effective-
ness of a graduated approach to prosthetic fitting is seen in the 
outcomes of the patients themselves:

Paquette now relies on microprocessor-controlled prosthetic 
legs for his mobility. He is retired from the military and attend-
ing college to become a physician’s assistant.

Bailey is now walking in full-length microprocessor-con-
trolled legs and does not need crutches or canes. She is an active 
mother of two young children, the leader of her local amputee 
support group, and a national lecturer on the topic of recovering 
from limb loss.

Clapp pursues an active California lifestyle that includes 
body surfing, acting, and dating. He has participated in the 
national Endeavor Games for Athletes with Physical Disabili-

ties, is a motivational speaker, and is certified as a peer visitor 
by the ACA. He is currently attending college.

Calhoun is training in Colorado for a position on the U.S. 
Paralympic Ski Team. He has competed in the Endeavor Games 
for Athletes with Physical Disabilities, enjoys playing golf, and 
drives a car without hand controls. He has not used a wheelchair 
since July 5, 2006.

Kevin Carroll, MS, CP, FAAOP, has been a practicing prosthetist for more than 30 years. 
He is the vice president of prosthetics for Hanger Prosthetics & Orthotics, Bethesda, Mary-
land. He presents scientific symposiums to healthcare professionals both nationally and 
internationally and specializes in managing the treatment of patients with complex cases. 
He is chair of the Lower Limb Prosthetics Society for the American Academy of Orthotists 
and Prosthetists.

Randy Richardson, RPA, is a licensed prosthetic assistant and has been with Hanger 
Prosthetics & Orthotics for more than 15 years. He specializes in working with bilateral 
above-knee prosthesis users to develop customized rehabilitation plans that enable them 
to be more independent and functional with prostheses.
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Sponsor’s Editorial

Overcoming Obstacles to Orthotic  
Intervention for Post-Stroke Recovery
Adjustable Dynamic Response (ADR) Technology Leads the Way

■	Taffy Bowman, CPO

Orthotic intervention is common practice 
for post-stroke recovery and rehabilitation. 
Lower-limb orthoses have been shown to 
improve gait velocity, cad ence, step and 
stride length1, as well as decrease energy 
costs2 in patients who have suffered from a 

stroke. Despite acceptance of lower-limb orthoses in post-stroke 
rehabilitation, it is not uncommon for orthotists to face obsta-
cles when providing orthotic care for this patient population.

Obstacles may include changing patient physiology and 
needs that affect orthotic design, lack of consensus among reha-
bilitation professionals on the most appropriate orthotic inter-
vention, and insurance limitations or restrictions. Overcoming 
these obstacles is necessary for assisting patients in achiev-
ing their maximum potential and best outcomes. Adjustable 
dynamic response (ADR) technology offers orthotists a tool to 
help overcome many of the common obstacles associated with 
orthotic intervention and the post-stroke recovery population. 
The following patient scenario will be used to contrast tradi-
tional orthotic intervention with ADR orthotic intervention.

Post-Stroke Patient Scenario
You are called to the local rehabilitation hospital to evaluate 
Mr. Smith (fictitious name) for a lower-limb orthosis approxi-
mately one week prior to his discharge. He is 65 years old, five 
feet, seven inches tall, and weighs 200 pounds. Mr. Smith suf-
fered from a stroke six weeks ago and has secondary left hemi-
paresis. The therapist has been utilizing a trial KAFO from the 
therapy gym’s brace closet to stabilize Mr. Smith’s knee and 
ankle for gait training during therapy. The physical therapist has 
tried wrapping his foot into dorsiflexion with an ACE® wrap but 
could not gain enough knee stability and did not have an AFO 
in the brace closet that would fit him. The therapist is seeing 
the patient progressing well and certainly would prefer using 
an AFO versus a KAFO. However, the physical therapist feels 
that sending the patient home with only an AFO could put him 
at risk for falling.

The attending physician enters the therapy gym while you 
are evaluating Mr. Smith with the therapist. The physician asks 
the therapist to walk Mr. Smith both with and without the trial 
KAFO so he can see the status. Without the orthosis, the patient 
is able to initiate sufficient hip flexion to advance his limb but 
has significant foot drop and subsequent toe drag throughout 
swing. Mr. Smith demonstrates adequate knee stability during 

stance for approximately 15 feet when suddenly his knee gives 
way and the therapist pulls on the gait belt to prevent him from 
falling.

With the trial KAFO, Mr. Smith ambulates 50 feet with no 
issues of knee buckling but demonstrates significant hip hiking 
and circumduction to gain clearance of the affected side. He is 
not able to obtain smooth rollover of the foot/ankle due to the 
AFO section being set at a 90-degree angle. The stiff-legged gait 
pattern presents an awkward appearance, but it seems to be most 
effective at allowing for maximum stability of the patient.

The physician is not happy with the thought of prescribing 
a KAFO due to his experience with high rejection rates from 
patients as well as knowing the patient most likely will need 
only an AFO in a matter of weeks. The therapist feels the same 
but does not feel comfortable sending the patient home without 
an orthosis that provides adequate safety for the patient. They 
look to you for your recommendation.

Scenario #1: Traditional Orthotic Intervention
You have seen many patient presentations similar to Mr. Smith’s 
and know that a KAFO is the best option for assuring his safety. 
You recommend a traditional KAFO with drop-lock knee 
components and double-action ankle joints to give you some 
options while allowing or limiting ankle motion. You proceed 
with casting and measuring for the orthosis and deliver it prior 
to his discharge.

In another six weeks, you are called to the outpatient therapy 
gym to discuss Mr. Smith’s current status. His outpatient thera-
pist believes he no longer needs the KAFO and would like him 
to have an AFO. You have your office check his insurance, only 
to discover that he is not eligible for another orthosis at this 
time. You tell the therapist you will have your lab remove the 
KO section of the KAFO but you will need to keep it for a cou-
ple days before you can return it. Upon returning the AFO, the 
therapist notices Mr. Smith continues to walk with a stiff-knee, 
step-to gait pattern. Mr. Smith has already begun to develop 
poor gait habits, and the therapist will need to work at retraining 
Mr. Smith to achieve a more normal gait pattern.

Scenario #2: ADR Orthotic Intervention
You are happy to be asked for your input and see this as the 
perfect opportunity to discuss Ultraflex’s exclusive Adjustable 
Dynamic Response (ADR) technology as well as Ultraflex’s 
new feature, known as the UltraQuick Release™ (UQR). You 
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Patient Evaulation Of An Unloader Knee Brace: 
A Prospective Cohort Study
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 Steadman Hawkins Research Foundation, Vail, Colorado

Introduction
The prevalence of osteoarthritis (OA) is constantly increas-
ing, currently affecting 4.3 million adults in the United States, 
and making it the most prevalent of the chronic joint disorders 
worldwide. One contributing factor that may increase the sever-
ity of knee OA is knee malalignment.8 Sharma et al. showed 
that a compartmental increase in the load of the knee can cause 
an increase in knee degeneration of that compartment.12

Many nonsurgical and surgical treatment options exist that 
may relieve pain, and therefore increase knee function. Non-
surgical treatment options include oral supplementation, 
such as glucosamine and chondroitin, and corticosteroid and 
hyaluronic-acid knee injections. Previous studies have shown 
that oral supplements as well as intra-articular injections may 
cause a decrease in symptoms such as pain; however, these 
treatments are temporary and do not change the mechanics of 
the knee.9

Some surgical treatments have been developed to treat 
malalignment of the knee; however, these procedures are quite 
invasive and require lengthy recovery times and rehabilitation. 
And though these operative procedures, which are intended to 
relieve knee pain by reducing the weight bearing load in the 
degenerative compartment, are available, there is an increas-
ing desire for non-surgical treatments that address the issue of 
malalignment.3

Unloader braces are specifically designed to decrease the 
load on the degenerative compartment of the knee in order 
to improve function and decrease symptoms related to mala-
lignment and OA.7, 10 The purpose of this study is to document 
patients’ expectations of treatment and outcomes following six 
months of use of an unloader brace. Outcomes and response to 
the brace were measured by symptoms such as pain and stiff-
ness, function, use of pain medication, and quality of life.

Methods
Patients were enrolled in an IRB-approved prospective cohort 
study. Excluded were patients who had any arthroplasty in the 
knee, or moderate to severe OA in both lateral and medial knee 

compartments. Inclusion criteria were diagnosis of osteoar-
thritis of the knee with unicompartmental knee conditions that 
required load reduction to the affected compartment and a mini-
mum of a six-month prescription in order to allow for sufficient 
trial of the brace. Patients signed informed consent forms and 
agreed to complete all mailed questionnaires. At enrollment, 
three weeks, six weeks, and six months, patients completed a 
self-administered questionnaire. This questionnaire included 
the SF-12; the WOMAC score1; and a survey of patients’ use of 
both prescription and non-prescription anti-inflammatory drugs. 
In addition, all patients completed an expectation question-
naire prior to enrollment in the study. Twenty patient expecta-
tion domains were measured. The domains were then analyzed 
individually as “very important” to “of little to no importance.” 
These data were then summed as an expectation score with a 
range of 20–80, 80 showing no expectation and 20 showing the 
highest expectation.

Statistical Analysis
Comparisons of scores between pre-brace WOMAC and final 
time point (six months) were performed using the paired 
t-test. Comparisons between independent groups were per-
formed using the independent t-test. We used repeated  
measures analysis to determine if there was a difference between 
pre-brace, three-week, six-week, and six-month WOMAC 
pain and function scores. Because the WOMAC scores were 
assessed on the same patient over time, we used repeated mea-
sures analysis to adjust for the within-patient factors.

Results
Thirty-nine patients were enrolled in this study.  The aver-
age age was 60 years (range 44 to 87). Average body-mass 
index (BMI) was 26 (range 20 to 37). There were 22 men and 
17 women. Twenty-five patients were prescribed a medial 
unloader brace, and 14 were prescribed a lateral unloader 
brace. Seven patients (18 percent), five women and two men, 
discontinued brace wear.
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Patient Expectations
Pain relief was very important to only 69 percent of patients and 
somewhat important to 17 percent. If patients did expect pain 
relief, 39 percent expected most of the pain to be relieved, and 
57 percent expected all pain to be relieved. Seventeen patients 
(37 percent) also reported stiffness as a primary reason for 
seeking medical treatment. Eighty-six percent of the patients 
expected knee stiffness or swelling to stop. Improving their 
ability to walk was considered very important by 89 percent. 
Of those who considered walking important, they all expected 
to walk more than one mile. Improving their ability to go up 
and down stairs was considered very important to 70 percent. 
Patients considered return to recreational sports an important 
expectation. It was considered very important to 83 percent 
and somewhat important to 17 percent. The most important 
expectation in this group was to have confidence in their knee 
(97 percent very important), avoid future degeneration of their 
knee (90 percent very important), and improve ability to main-
tain general health (93 percent very important).

The WOMAC scores are shown in the following table. There 
was significant improvement in pain, stiffness, and function 
components of the WOMAC score (p<0.05). Patients also had a 
significant improvement in their quality-of-life physical compo-
nent as shown by the SF-12 (p<0.05). As expected, the patient 
mental component of quality of life remained unchanged.

At three weeks, 24 percent of patients reported a decrease 
in over-the-counter anti-inflammatory use, and 16 percent 
reported a decrease in prescription anti-inflammatory use. At six 
months, 23 percent reported a decrease in over-the-counter anti- 
inflammatory use and 16 percent reported a decrease in pre-
scription anti-inflammatory use.

Discussion
In this population, patients expected pain relief, improved func-
tion, and improved activity level. It was very important for the 
patients to avoid future degeneration of the knee and to be able 
to maintain their general health. The unloader brace decreased 
pain in the initial weeks following bracing and maintained 

improvement throughout the study. Improved patient function 
and a decrease in stiffness were also seen in the initial weeks 
and were maintained at end point as well. Patients reduced 
medications and had improved overall physical health.

The results of this study are similar to those of Kirkley et 
al.7 In the Kirkley et al. study, there was a control group, a neo-
prene-sleeve group, and an unloader brace group, all of which 
consisted of patients under 50 years old who had a BMI of less 
than 35. Patients who used the unloader brace showed less 
pain than the other two groups after walking for six minutes 
and climbing for 30 seconds. They also showed a significant 
increase in quality of life and knee function. And although not 
significant, there was a strong trend toward a significant differ-
ence between the unloader group and neoprene-sleeve group 
regarding the overall WOMAC score and the functional com-
ponent of the WOMAC.7

Other studies have also shown unloader braces to be effective 
in not only reducing symptoms, but also in shifting the weight-
bearing load.2,4–6,10–11 Self et al. showed a significant decrease in 
varus moment during stance, which can contribute to a reduc-
tion in pain.10 And Pollo et al. showed a shift in the center axis of 
pressure with the use of an unloading brace. Resting pain, night 
pain, and pain with activity all showed a significant decrease 
with brace use.11

In this patient population, the mean BMI was quite low, 

which may not be representative of a normally distributed 
population. Also, many of the patients in this study had a low 
pre-brace WOMAC score, which may not have allowed for as 
much improvement.

Overall, patients demonstrated a significant decrease in pain 
and increase in function and overall physical health. Braces 
specifically designed to unload the degenerative compartment 
of the knee may be an effective treatment for pain generated 
from OA in conjunction with malalignment of the knee.

This research was funded in part by Ossur Americas, Aliso Viejo, California. Address cor-
respondence to Karen K. Briggs, MPH; Steadman Hawkins Research Foundation; Attn: 
Clinical Research; 181 W. Meadow Dr. Ste. 1000; Vail, CO 81657.

A

WOMAC 
Pain

WOMAC 
Stiffness

WOMAC 
Function

WOMAC SF-12 PCS SF-12 MCS

Pre-brace 6.8 3.0 19 28.3 38.6 58.5
3 weeks 3.0 1.4 7.4 10.4 NA NA
6 weeks 3.4 1.4 9.8 13.5 42.5 56.6
6 months 2.9 1.5 8.6 11.9 46.0 59.4
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