


What is the X10 Knee Recovery System™ and 
what does it offer you and your patients?

The X10™, a newly patented knee rehabilitation device, utilizes patient labor, enabling 
patients to do their pre- and post-surgical ROM and strength therapy in their own home 
while achieving superior results, in shorter time with substantial cost savings. The X10 
Knee Recovery System™ is supported by a highly trained telemedicine therapy team that 
provides 24-hour support (onsite visits as needed). Even problematic patients recover 
successfully in <30 days — with less involvement from their surgeon.

The X10™ is the only machine 
specifically designed to avoid scar 
tissue formation, increase ROM, 
and restore strength for patients 
with compromised knees both 
pre- and post-surgery. Patients 
achieve substantial early gains in 
ROM because the X10™ quickly 
removes fluid out of the knee, 
regardless of their comorbidities 
and risk factors; MUA rates are 
reduced by 75% or more. TKR 
patients who use the X10™ for Pre 
Op strengthening are able to 
recover without SNFs and 
extended therapy. 

Physical therapy is often painful because the 
pressure therapists apply to the patient’s leg, to 
regain ROM, often exceeds their pain threshold. This 
is not true for X10™ patients. The X10™ on board 
computer gives patients complete control of the 
pressure applied to their leg and the arc their leg 
travels through. X10™ patients need never 
experience therapeutic pain. Consequently X10™ 
patients do not guard, are motivated, and actually 
enjoy their therapy. Together this results in 
extremely high compliance (92%), and more 
total therapy per week (30 minutes, 3x/day, 7 days a 
week) than any other protocol. The result is better, 
faster outcomes and greater savings than any other 
therapeutic method -- this is particularly important 
for bundled care.
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The X10™ patented pressure sensors are sufficiently sensitive to enable children, the 
elderly, the frail, and those with pain disorders such as fibromyalgia to recover as quickly 
and fully as patients without co-morbidities.

Results are measured and transmitted daily from the device to our Oracle™ patient portal, 
allowing for efficient telemedicine and status updates to all care providers. This feature 
allows for cost savings because: Patients can be closely monitored for progress, problems, 
and discharge can be based upon objective measurements (rather than the number of 
authorized physical therapy visits). 

For patients the X10™ is the most powerful, convenient, and safe device for 
restoring ROM and strength. For surgeons the X10™ is a means of minimizing MUAs, 
revisions, minimizing costs in bundled payment plans, and ensuring that their patients 
have the best possible recovery, in the shortest amount of time -- yielding high patient 
satisfaction.



Range of Motion and Strength: 
The requisites for recovery

Range of motion precedes strength; both are required for patients to return to normal 
activities of daily living following a TKR. Once these are achieved, stability, balance, and 
gait will follow. If ROM and strength are not rapidly restored: scar tissue formation, 
arthrogenic muscle inhibition, strength deficits, atrophy, MUAs, and revisions may follow. 
X10™ minimizes/eliminates these undesirable results. 
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Swelling: The root cause of slow, lengthy, expensive rehabilitation
The cause of the current extended rehabilitation for TKR patients is swelling, which leads 
to pain, guarding, and reduced compliance with physical therapy protocols. Patient’s 
innate aversion to pain constrains therapists to straddle the fine line between avoiding 
pain by not applying enough pressure, and not reducing swelling, which allows for scar 
tissue formation and lengthy therapy. Alternately therapists may apply too much pressure 
causing excruciating pain and inflammation, leading to demotivation, non-compliance, 
and setbacks. X10™ eliminates these issues resulting in steady gains without setbacks.

X10™ Restores ROM in Days, not Months

Steady Gains without Setbacks

1

X10 Real-time Data Reported



Strength

Evidence indicates that strengthening both legs prior to surgery provides patients with the 
leg strength needed to get them through recovery, leading to a 73% reduction in 
patient visits to SNFs and rehab centers.2 Patients using the X10™ for prehab have achieved 
a 50% increase in quadriceps strength (at home) within 3 weeks prior to surgery. 
X10™ prehab strengthening accelerates post-surgical strength recovery.
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Typical knee patients have a 50-60% quadriceps strength deficit at 30 days post-surgery.3 
More than half of TKR patients have not regained their quadriceps strength one year post-
surgery; deficits can persist for 13 years or more.4, 5 Lack of strength results in patients not 
being able to walk as quickly (50% slower) and descend stairs at half of the speed of age 
matched non-TKR peers at one year after surgery.3 Strength deficits extend therapy, reduce 
patients’ quality of life, and long-term satisfaction.

The X10™ has patented pressure sensors, adjustable exercise arc, and unique 
strengthening modules. It is specifically designed for patients with compromised knee 
function to strengthen their leg muscles via isometric, concentric, and eccentric exercises. 
The X10™ has the unique capacity to safely adjust the pressure throughout each repetition, 
at any angle, keeping the patient at their maximum strength load without causing pain. 
Because ROM is quickly restored, AMI, the overall strength deficit, and muscle atrophy are 
minimized. Most importantly, because the strength deficit is minimal, the time required to 
fully recover is far shorter.

Pre-habilitation 

Rehabilitation 

The graphs above follow patient #2034’s recovery while using the X10™. During the three weeks of 
pre-habilitation the patient’s quadriceps strength increased by over 50% and Timed Up and Go (TUG) 
score decreased by 25%. By utilizing the X10™ for recovery the patient was capable of regaining his 
pre-operative quadriceps strength within three weeks after surgery and continued to further strengthen 
for an additional week. Within these four weeks the patient also regained their TUG Test maximum score 
before having surgery. Together these graphs clearly show that increased leg muscle strength translated 
into improved patient functionality.
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X10™ Digital Feedback 
X10’s real time feedback motivates patient to do far more therapy.
Patients monitor their own progress in real time using the X10’s computer display. This 
visual feedback encourages patients to push themselves (without causing adverse 
consequences) resulting in a quick return to an active life at a lower cost. X10 clinicians 
monitor patient compliance and progress via our Oracle™ patient portal. This contrasts 
starkly with the present system in which patients are directly observed only in the 
presence of a therapist. Current protocols depend upon patients doing their home 
exercises, despite the fact that the majority of patients do not. X10 patients are highly 
motivated and do far more therapy than those who receive just a few minutes of 1 to 1 
manual physical therapy three times a week. Motivated patients do many more hours of 
physical therapy per week which contributes to the X10’s superior results.
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The majority of MUAs are due to inadequate early ROM resulting from failed physical 
therapy (not compromised surgical procedures), i.e., failure to reduce periarticular edema 
before the onset of scar tissue. With traditional therapy 4-7% of all TKR patients will require 
an MUA.5 MUAs increase the risk of revisions, permanently reduce ROM, and increase 
recovery time.

Manipulation Under Anesthesia (MUA): The tarnish on the reputation of 
excellent surgeons without cause

Comorbidities that put TKR patients at higher risk for an MUA6, 7 include: 
       High BMI
       Women
       African Americans
       Smokers over 65
       Diabetics
      Elevated lipid levels 
  
X10™ reduces the rate of MUAs for people with the above comorbidities, and particularly, those 
with multiple comorbidities.

What the X10™ does:
 1. The X10 is so efficient at removing fluid that the majority of MUAs can be avoided
  (<2% of patients who use the X10™ within 5 days post-surgery require an MUA).

 2. The high risk patients noted above, when using the X10™ achieve the same ROM
 as low risk patients within 30 days post-surgery.

 3. Patients scheduled for an MUA, who begin using the X10™ usually avoid the MUA.

 4. X10™ reduces the rate of MUAs for people with comorbidities and particularly 
 multiple comorbidities.



The Benefits of Daily Data

Daily performance data, collected wirelessly, allows patients to be closely monitored, and 
their progress accurately predicted. This allows a surgeon to discharge those that have 
achieved an appropriate benchmark (think bundled care), and early identification of those 
who are not showing adequate progress. The latter group can receive additional clinical 
support from X10™ 
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Daily data identifies the top 50% of patients (green and blue curves) who achieve a ROM 
of 110°, adequate for most activities of daily living, within two weeks. These patients can 
be discharged early at substantial cost savings. The X10™ also identifies the bottom 20% of 
patients (red and purple curves) who are the most problematic and time-consuming and 
moves their ROM up to levels comparable to your best patients within 3-4 weeks. These 
problematic patients are likely candidates for further surgeries; lengthy and expensive, 
incomplete recoveries. 

Costs are accentuated when there is a wide variability in patient ROM. Notice how quickly 
the X10™ causes all of the lines to converge at an acceptable level of ROM. The X10™ 
reduces ROM variability among patients by more than 75%, within 3 weeks -- specifically 
by moving the problematic patients up rather than the successful patients down.

Pre-habilitation 



Obese Patients: A Special, Growing Problem 

Morbidly obese patients no longer require a compromised, expensive, protracted recovery. 
Their ROM converges on normal BMI patients within 14 days. Recent studies found that the 
recovery of super obese patients normally costs ~$10,000 more.8  The X10™ can 
eliminate this and other related costs. This is particularly important as obesity is rapidly 
increasing. Currently over 60% of the U.S. population are either overweight or obese.9  
Obese patients have knee replacements earlier and revisions more frequently. The X10 
Knee Recovery System™ precludes these complications for the majority of patients. Other 
co-morbidities respond similarly.
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The X10™moves morbidly obese patients’ ROM up to levels comparable to normal weight 
patients within 3-4 weeks

Conclusion
The X10™ is the first device that takes advantage of modern computing, materials, and 
technology to address the fundamental problems associated with knee recovery. It does 
this by training patients to control critical aspects of their recovery, supported by 
telemedicine coaching and in-person therapist visits (as needed). 

Moreover, the X10™, because of its feedback loops, motivational display, and precision 
control, is vastly superior to manual physical therapy (a therapist’s arm can’t be calibrated). 
Remarkably, the outstanding outcomes achieved by X10™ patients come at a faster pace 
and a substantially reduced cost compared to existing recovery protocols. The X10™ also 
minimizes additional surgical procedures, again providing a cost savings.

The X10™ was designed to empower patients by providing them with an exquisitely 
sensitive machine that is simple and intuitive to use.  X10™ enables patients to achieve 
their best possible recovery.

Morbidly Obese X10™ Patients Overcome Initial Deficits10
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The X-10: A Revolution in Knee Rehabilitation

David K. Halley, MD†,  Paul Ewing, BME, MBA*

Abstract:

The X-10 is an innovative knee rehabilitation machine that uses Variable Pressure technique 
to move the knee below the patient’s pain threshold, within days rather than weeks, focusing 
on terminal flexion and extension. Pumping fluid away from the knee during the first two 
stages of fibrosis prevents the ultimate formation of scar tissue.

More than 500,000 patients underwent total 
knee arthroplasty (TKA) in 2012 in the United 
States alone, a number that is expected to exceed 
3,480,000 by the year 2030.14 The rehabilitation 
process for TKA patients is extensive, costly, 
and does not always yield optimal results.  Many 
patients struggle to regain full mobility following 
TKA because stiffness in the knee joint can quickly 
progress to scar tissue in a short period of time.  
If this process is not prevented, scar tissue may 
impede flexibility in the future. Lack of full range 
of motion not only affects gait and mobility, but 
can also lead to future back and hip pain.  It is well 
recognized that rapidly restoring range of motion 
and rebuilding muscle strength is critical following 
any type of knee procedure.8,22,27,37

Von Riemke, in his presidential address to the 
Danish Surgical Society stated in 1926 that “all 
joint affections…should be moved and movement 
should begin on the first day, should be slow, and as 
much as possible, it should be continuous”.26

Based upon his experimental investigation on rabbit 
knees in the early 1960’s, Salter 26,27,34,35 came to 
the conclusion that immobilization is unhealthy 
for a joint. He was of the opinion that intermittent 
motion was healthier for a knee joint as compared 
to immobilization, and he arrived at the conclusion 
that perhaps continuous motion might be better.  He 
was quick to realize that skeletal muscle had easy 
fatigability so that if one were to have continuous 
motion, it would have to be passive rather than 
active.
There are several ways to describe continuous 
passive motion but one definition can be, “a 
machine with an external motor which passively 
moves a joint through a pre-set arc of motion.17



12	 Reconstructive	Review	•	March	2013	 www.jisrf.org

This article has been written to describe a newly 
designed rehabilitation machine, called the “X-10”.  
The X-10 works in a radically different manner 
from the previous ‘traditional’ continuous passive 
motion machines used in rehabilitation of the knee.
O’Driscoll has pointed out that early research on 
continuous passive motion was based upon the 
theory that it promoted healing of articular cartilage. 
26,34,35 However, throughout the mid 1980’s and 
1990’s, the major use of traditional continuous 
passive motion has been to prevent stiffness 
following total knee arthroplasty.
In the 1990’s there was an explosion in 
the use of continuous passive motion with 
many early advocates supporting such 
treatment.2,7,11,12,16,18,21,22,29,32,36,37 However, with time 
and appropriate evaluation of results, a significant 
group of detractors stated CPM was of no benefit in 
the rehabilitation of total knee arthroplasty because 
results were the same at six months to one year 
following surgery, whether or not CPM was used. 3,5

,6,8,9,10,14,17,18,19,20,21,24,25,29,31,32,33,36

O’Driscoll26 suggested perhaps it mattered how 
CPM was used and to better understand the 
potential for continuous passive motion one must 
understand the pathophysiology.  It is important to 
fully understand the theory behind the development 
of fibrosis before interpreting the past experience 
with continuous passive motion.

Pathophysiology of Joint Stiffness

The pathophysiology of joint stiffness, as theorized 
by O’Driscoll25,26, describes the four stages 
of fibrosis with progression of the first three 
stages leading into the fourth stage of fibrosis 
characterized by thick hard dense scar formation.
Stage one:  Bleeding into the joint is the first stage 
of fibrosis.  This occurs in a matter of minutes 
to hours following knee surgery, resulting in the 
distention of the joint capsule and periarticular 
swelling.  The maximum capsular capacity of the 
human knee joint occurs at 35 degrees of flexion.  
This swelling leads to very high intraarticular 
hydrostatic pressure and any movement from 
the maximum capacity of the joint increases 
these pressures which cause severe pain.  The 
patient attempts to hold the knee in the position 

of maximum capacity so as to minimize the pain 
created by any increase in pressure.  This self-
protective mechanism to pain contributes to the 
early loss of motion in flexion and extension.
Stage Two:  The second stage is edema which 
occurs in a matter of hours or days.  The edema 
is caused by mediators released from platelets as 
well as injured or dead cells.  These cause nearby 
blood vessels to dilate and leak plasma resulting 
in swelling of the periarticular tissues, thereby 
decreasing the compliance of this tissue making it 
more difficult to move the joint.
The effects of these first two stages are a result of 
fluid accumulation. This is why it is so important to 
start treatment early to pump the fluid from the knee 
and periarticular tissues as soon as possible.  In the 
next two stages it is significant to note this fluid is 
replaced by an extracellular matrix.
Stage Three:  The third stage occurs in a few days 
to weeks with the formation of granulation tissue 
which has the physical properties between that of 
a well-formed blood clot and loose areolar fibrous 
tissue. That stiffness, originally caused by fluid 
accumulation, is now due to the deposition of a 
solid extracellular matrix.
Stage Four:  As the collagen hardens it becomes 
more and more difficult to eliminate.  This 
progression typically finalizes into the fourth stage 
of fibrosis creating dense hard scar tissue which 
can permanently impede mobility within two to 
four weeks, when many patients are just beginning 
physical therapy.
O’Driscoll et al25 have shown that flexion and 
extension of the knee create changes in pressure in 
a sinusoidal fashion which results in a “pumping 
effect” which is responsible for clearing blood and 
edema from the joint.
When patient physical therapy typically begins, 
lack of range of motion is not normally a focus 
point during the first few weeks after surgery.  The 
knee is swollen, stiff, painful and the patient is 
simply trying to walk short distances. By the time 
outpatient physical therapy begins (on average 3-4 
weeks post-TKA) it is often not possible to prevent 
the accumulation of fluid in the periarticular tissue.  
Failure to achieve a full range of motion in the 
immediate postoperative period, combined with 
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permitting the accumulation of even relatively small 
amounts of periarticular blood and edema, permits 
collagenous scar tissue formation. Full range of 
motion might never be completely achieved.  
A device and method for early removal of fluid from 
the periarticuar tissue prior to collagen formation 
would therefore be desirable.  Treatment should 
begin early, working in the terminal range of flexion 
and extension, and continued until all swelling of 
the knee has been eliminated.

The X-10: New Rehabilitation Technology

The X-10 is a new technology that will allow 
continuous passive motion to work as originally 
desired, but never accomplished with the traditional 
CPM machines.
The traditional continuous passive motion (CPM) 
machine undesirably sets limits on extension and 
flexion and operates only within those limits.  If 
the limits are set too aggressively, the joint can 
experience excess stress, leading to pain and 
potential injury, while too little pressure results in 
insufficient progress. Typically, the traditional CPM 
machines are used to exercise a specified range of 
motion limited by fixing the target angles within the 
patient’s existing range of motion, which is already 
achievable by the patient.
It is best to work in the terminal range of flexion 
and extension as this is more effective in pumping 
the fluid from the joint.25,26 Working in the mid-
range of motion, already achieved by the patient, 
becomes self-limiting and can undesirably leave 
periarticular fluid about the joint and prevent 
meaningful progress.  In fact, it can be detrimental 
as this retained fluid can ultimately lead to 
undesired scar formation.
Traditional continuous passive machines (CPM) 
depend upon pre-programmed flexion and extension 
values to determine the extent of motion.  These 
machines will push blindly and have no pressure 
feed-back and no pressure variability.  
The traditional CPM machine is unable to provide a 
high or low amplitude ‘pause’ at the extremes of the 
patient’s range of motion.  The X-10 slows down 
and literally coasts into the last five degrees of 

terminal flexion or extension, at which time it stops 
for a programmed number of seconds.  This allows 
the tissue to maintain a ‘stretch’ for the individual’s 
programmed time of stretch and relaxation.  
Another issue is that not all patients respond in the 
same manner to their therapy.  Some patients tend to 
form scar tissue more rapidly and this hypertrophic 
scar formation leads to loss of function at a faster 
pace than normal.
Orthopedic surgeons have always been leaders 
in the development and use of new technology in 
the treatment and care of their patients.  It is our 
goal to continue this tradition into the field of joint 
rehabilitation offering a technological therapy aid to 
help the surgeon or physical therapist provide better 
care to their patients. 
Understanding the basic pathophysiology of fibrosis 
and the importance of early use of continuous 
passive motion, brings us to the problem associated 
with the use of traditional CPM machines. . .Pain!  
Pain prevented patients from starting early and 
working in terminal range of extension and flexion.
The X-10 works in a radically different way than 
a traditional CPM machine.  Rather than having 
the knee move back and forth between two fixed 
points at a constant pressure (like the traditional 
CPM machine), the X-10 uses the newly patented 
technology of Variable Pressure.   It uses threshold 
pressure to operate, allowing the knee angle to be 
variable. This customizable “pressure threshold” is 
set by identifying the maximum pressure tolerable 
within the patient’s comfort zone.  The primary 
focus is on the patient’s current terminal range 
of extension and flexion. Large arcs of motion, 
working at terminal limits, greatly enhances the 
pumping action eliminating blood and periarticular 
fluid while gently stretching and re-aligning the 
muscle fibers. 

How Does The X-10 Control Pain?

By limiting pressure, pain is taken out of the 
equation. The “Variable Pressure” technology 
allows for customizable “Pressure Threshold” to be 
set by identifying the maximum pressure tolerable 
within the patient’s comfort zone. Never will 
the pressure exceed this ‘ceiling’ pressure which 
protects the patient and provides assurance to the 
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patient that there will be no sudden increased pain 
experience throughout the entire rehabilitation 
process. As the patient quickly becomes accustomed 
to the pressure limit, additional pressure can be 
added in one-pound increments as tolerated by the 
patient. This increase in pressure increases further 
the current range of motion attained.
The idea behind the X-10  is the patient can work at 
a pressure slightly less than a level that will cause 
pain. After several cycles of the machine the patient 
will plateau in motion levels as the patient has 
quickly adjusted to that particular pressure thereby 
allowing the therapist to increase the pressure, 
as needed, in one-pound increments. These 
incremental increases in pressure allow for further 
progression of motion. Thus, an increase in pressure 
increases motion. That motion plateaus. Next, the 
pressure is increased in one-pound increments, as 
tolerated by the patient, which increases motion that 
will plateau. This process is repeated over and over 
until the final desired range of motion is achieved. 
This process is very gentle and creates very little 
discomfort for the patient.

The X-10 Has Four Flexibility Programs 

There is a “warm-up” program which is very 
popular with patients. It functions at any range of 
motion short of terminal flexion and extension. 
Once warmed up the patient can proceed in working 
at terminal limits which is the second program. 
In this program the machine makes a full cycle 
between flexion and extension at terminal limits. 
The third and fourth programs have to do with 
specifically working at either end of the spectrum 
in flexion or extension thereby short-cutting a 
full cycle. This was designed to save valuable 
rehabilitation time. For example, if the patient 
has full extension, there is no need to work on 
extension. The machine can be programmed in 
a short cycle working only in terminal degrees 
of flexion. Vice-versa, if good flexion has been 
achieved and there is lack of full extension, the 
machine is programmed to work the short cycle in 
terminal extension. 
The ability to prevent flexion contractures is a result 
of the two modes of using terminal extension with 
the X-10. The X-10 was originally designed to 
simply prevent flexion contractures:  thus the name 

reflects  ‘X-10’ for ‘extend’, to prevent flexion 
contractures.  

Strengthening

The X-10 has two programs to allow for eccentric 
and concentric strengthening of the thigh to be used 
either before or after surgery.  Before surgery, a 
baseline record of strength can be identified.  From 
this point a patient can proceed with strengthening 
programs prior to surgery.  This can prevent any 
further loss of strength resulting from the basic 
disease process or from the normal decrease in 
strength following any surgical procedure. 
“Quadriceps strength27 was the strongest predictor 
at one year…(and) functional decline may be 
delayed with adequate quadriceps training.  Follow-
up of these patients continues to discern the long-
term impact of strengthening interventions”.   When 
using strengthening programs after surgery, we 
recommend waiting three weeks.  Though the 
machine is gentle and can work in one-pound 
increments of pressure, we do not want to risk 
injury to the capsular repair until sufficient healing 
has occurred. 

Patient Safety

Patient safety has always been top priority in the 
development of the X-10.  There are five built-in 
safety mechanisms, including eStop, that allows the 
user to stop the motor and treatment immediately.

X-10 Is Not Cookie Cutter Therapy!

We recognize that patients respond differently to 
therapy for a variety of reasons.
One of the highlights of this machine is its ability to 
allow patient therapy to be individualized.
Beginning early treatment allows the healthcare 
provider to identify any potential problem that will 
require focusing upon special treatment.  

Additional Benefits
The X-10 incorporates a visual computer module 
which collects information while the patient is on 
the machine, recording initial and final range of 
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motion for each session, time of use, and pressures 
used for treatment.  This information can be printed 
and used for billing purposes, saving physical 
therapists considerable time in documentation, or 
it can be electronically sent to physicians involved 
in the care of the patient.  Lastly, the computer 
module provides real-time positional location of 
the leg,visualized on the computer screen, allowing 
patients to focus on their rehabilitation at the very 
instant of treatment, acting as a “coaching” aid for 
them during their treatment. 

Comfort

The X-10 answers two of the criticisms of the 
traditional CPM machine. The first is that the 
patient lies in bed in a supine position.1  With 
the X-10 the patient is comfortably seated in an 
attached specially designed chair which can swivel 
into a locked position to allow treatment of the right 
or left knee. The chair is so designed as to relieve 
pressure from the hamstring muscles and sciatic 
nerve to avoid any contribution to the development 
of back pain. The second criticism3 of the traditional 
CPM machine is the recorded motion in extension 
and flexion is usually less than the “true” range of 
motion.  With the X-10, the exact position of the 
leg in space is computer generated, based upon the 
position of the arm of the mechanical leg holder, 
and is accurate within 1-2 degrees.  

CPM Case Studies

The X-10, having been recently developed, has not 
allowed for large numbers of patients for study. 
However, there has been a tremendous positive 
response from all patients who have used the 
X-10. We can report three classic patient scenarios, 
representative of conditions we, as surgeons, have 
to face in the care of our patients.  Each patient 
scenario has been carefully studied. 
The first scenario is a right knee that had advanced 
long term loss of flexion.  Ritter et al state that 
patients with less than 75 degrees of flexion 
before surgery were less likely to improve post-
operatively.5,29

A second scenario, a left knee (the opposite knee in 
the same patient) had a more normal pre-operative 
range of motion and should represent the course of 

the typical average patient knee. 
The third case scenario involves a patient who had 
received regular physical therapy for three weeks, 
and plateaued, and was dissatisfied with her range 
of motion. This case started later in therapy with 
the X-10 and suggests benefit can be attained even 
when starting later than normal.
Case # 1: A severely limited right knee joint with 
marked loss of flexion before surgery, present for 16 
years, had a pre-op AGE 15 degrees and AGF of 70 
degrees. The patient began using the X-10 at home 
3 days after surgery; it was used 2-3 times / day for 
15-20 minutes, followed by ice therapy. That knee 
reached full extension as well as 108 degrees of 
flexion within 3 weeks allowing the patient to go 
up and down stairs in reciprocal fashion and ride a 
stationary bicycle, two things she had not been able 
to do for 16 years.
Case # 2: This is the same patient with a more  
‘typical’ left knee (AGE 15 degrees and AGF 115 
degrees), operated upon six weeks following her 
first knee surgery.  Again, she started at home on 
post-op day 3, and within one week from surgery, 
was off all external support and had reached full 
extension and 116 degrees of flexion.
Case #3: A middle aged female with goal of 
returning to golf, tennis, etc., began using the X-10 
in an outpatient clinic 3 weeks post surgery after 
experiencing disappointing results with routine 
physical therapy alone. At that time her AGE was 5 
degrees and AGF 89 degrees. After 4 weeks of X-10 
she had AGE of 0 degrees and AGF of 134 degrees 
having increased her total ROM by 50 degrees 
while using the X10.

Conclusion

It seems a reasonable assertion that if a patient can 
comfortably begin rehabilitation within two to three 
days following surgery (made possible because of 
Variable Pressure) there is reasonable expectation 
that patients will achieve a greater range of motion 
in a shorter period of time.  However, this is a 
secondary goal.  We are thinking in “revolutionary” 
terms.  It is our primary goal that patients will have 
a more rapid recovery allowing them to become 
totally independent, and if a member of the work 
force, able to return to work in a shorter period of 
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time following surgery.  Our dream is that time 
frame will be four to six weeks rather than the 
traditional three months.  If this becomes possible it 
will achieve considerable health care savings.
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Computer-‐Controlled,	  Pressure-‐Modulated	  

Knee	  Rehabilitation	  Machine	  (PMKR)	  
	  

	  

	  

SUMMARY	  

	  

Computer-‐controlled,	  pressure-‐modulated	  knee	  rehabilitation	  machines	  incorporate	  customizable	  

programs	  for	  range	  of	  motion,	  and	  isotonic,	  isometric	  and	  eccentric	  strengthening	  which	  focus	  on	  

active	  and	  passive	  range	  of	  motion,	  quadriceps	  and	  hamstring	  stretching	  and	  strengthening,	  and	  

neuromuscular	  reeducation	  capable	  of	  data	  reporting	  and	  remote	  monitoring.	  

	  

	  

DESCRIPTION	  

	  

Physical	  therapy	  of	  the	  knee	  focuses	  on	  preventing	  the	  formation	  of	  scar	  tissue,	  restoring	  

flexibility,	  preventing	  muscle	  atrophy	  and	  re-‐building	  limb	  strength.	  	  

	  

To	  achieve	  these	  goals	  requires	  neuromuscular	  re-‐education,	  biofeedback,	  active	  and	  passive	  

motion	  and	  concentric/eccentric	  strengthening.	  These	  processes	  improve	  recovery	  by	  stimulating	  

the	  healing	  of	  articular	  tissues	  and	  circulating	  of	  synovial	  fluid;	  reducing	  local	  edema;	  preventing	  

adhesions	  and	  joint	  stiffness	  or	  contractures,	  or	  cartilage	  degeneration.	  Similarly	  these	  processes	  

lengthen	  and	  strengthen	  knee	  flexor	  and	  extensor	  musculature,	  including	  the	  hamstring	  and	  

quadriceps.	  

	  

Each	  of	  these	  modalities	  is	  required	  for	  a	  complete	  recovery,	  but	  it	  is	  critical	  to	  carefully	  control	  

the	  amount	  of	  pressure	  or	  resistance	  applied	  to	  avoid	  further	  trauma	  or	  increased	  inflammation	  

while	  achieving	  maximum	  gains	  and	  to	  prevent	  or	  minimize	  patient	  pain.	  

	  

Computer-‐controlled,	  pressure-‐modulated	  knee	  rehabilitation	  (PMKR)	  machines	  allow	  for	  tight	  

control	  of	  the	  amount	  of	  pressure	  or	  resistance	  applied	  in	  a	  safe,	  reliable	  and	  consistent	  manner.	  	  

Using	  biofeedback,	  patients	  are	  able	  to	  precisely	  regulate	  pressure	  using	  the	  onboard	  computer,	  

and	  are	  empowered	  to	  rehabilitate	  independently	  with	  or	  without	  the	  supervision	  of	  a	  physical	  

therapist.	  

	  

Customizable	  programs	  for	  range	  of	  motion,	  isotonic	  concentric	  and	  eccentric	  strengthening	  allow	  

the	  treatment	  to	  focus	  on	  active	  and	  passive	  range	  of	  motion,	  quadriceps	  and	  hamstring	  stretching	  

and	  strengthening,	  and	  neuromuscular	  reeducation.	  

	  

Computer-‐controlled,	  pressure-‐modulated	  knee	  rehabilitation	  machines	  allow	  for	  individualize	  

treatment	  plans	  that	  allow	  for	  wide	  variation	  in	  patients	  and	  allow	  stretching	  and	  strengthening	  to	  

be	  safely	  incorporated	  into	  early	  healing.	  
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POLICY	  

	  

Use	  of	  PMKR	  machines	  is	  considered	  safe	  and	  effective	  for	  pre-‐hab	  and	  rehabilitation	  of	  the	  knee	  

and	  lower	  limbs	  accelerating	  recovery,	  reducing	  the	  recovery	  period	  and	  to	  achieve	  full	  and	  

complete	  rehabilitation.	  

	  

Use	  of	  PMKR	  machines	  is	  demonstrably	  efficacious	  in	  multiple	  settings,	  including:	  

• Hospital	  

• Skilled	  Nursing	  Facility	  (SNF)	  or	  Inpatient	  Rehabilitation	  Facility	  (IRF)	  

• Home	  

• Outpatient	  Physical	  Therapy	  Clinic	  

	  

	  

RATIONALE	  FOR	  THE	  USE	  OF	  PMKR	  	  

	  

This	  policy	  is	  supported	  by	  clinical	  evidence	  and	  scientific	  literature	  outlining	  the	  principles	  of	  

early	  rehabilitation,	  scar	  tissue	  prevention	  and	  avoidance	  of	  muscle	  atrophy	  upon	  which	  PMKR	  

therapy	  is	  based.	  

	  

(1)	  	  	  	  D.	  Carl	  Freeman,	  PhD	  and	  Paul	  Roubal,	  PhD	  

	   Rapid	  Recovery	  with	  Pressure-‐Modulated	  Knee	  Rehabilitation	  

	   Manuscript	  under	  review	  October	  2015	  

	  

Researchers	  evaluated	  the	  passive	  range	  of	  motion	  data	  collected	  from	  patients	  utilizing	  X10	  

therapy	  to	  rehabilitate	  from	  total	  knee	  replacement	  and	  noted	  significant	  differences	  in	  the	  speed	  

at	  which	  range	  of	  motion	  was	  restored.	  	  Patients	  who	  started	  used	  X10	  PMKR	  therapy	  recovered	  

considerably	  faster	  and	  with	  better	  outcomes	  than	  those	  who	  utilized	  continuous	  passive	  motion	  

(CPM)	  machines.	  
	  
“A	  new,	  patented	  PMKR	  machine	  was	  researched,	  developed,	  patented	  and	  utilized	  in	  this	  study.	  	  
Primarily,	  we	  were	  looking	  at	  improvement	  in	  ROM	  and	  how	  rapidly	  this	  gain	  in	  ROM	  occurs.	  	  Patient	  
ROM	  for	  PMKR	  patients	  at	  30	  days	  of	  usage	  exceeds	  116°	  and	  was	  significantly	  greater	  than	  all	  of	  the	  
six	  weeks	  (short-‐term)	  studies	  cited	  in	  the	  Cochrane	  Report.	  At	  30	  days	  the	  PMKR	  patients	  exceeded	  
117°	  and	  was	  significantly	  greater	  than	  all	  of	  the	  Cochrane	  medium-‐term	  studies.”	  
	  

	  
Note:&&*&&Each&study&was&compared&to&the&average&of&X10&pa:ents&at&14&days&post&surgery.&&All&differences&sta:s:cally&significant&

at&the&p=&0.001&level&using&tDtest&accoun:ng&for&unequal&variance&and&unequal&sample&sizes&

Cochrane)CPM)Studies)
Mean))
Passive)
ROM)

STDEV) N) t)test*)

7Dday&PMKR&treatment& 95.6& 15.2& 146&

14Dday&PMKR&treatment& 110.2& 13.5& 146&

21Dday&PMKR&treatment& 114.4& 12.6& 146&

30Dday&PMKR&treatment& 116.4& 12.0& 146&

BrunDOlsen&(2009)& 87.0& 11.0& 30& 10.96&

Chiarello&(1997)& 84.7& 14.6& 8& 5.72&

Harms&(1991)& 77.8& 14.6& 55& 18.32&

Kumar&(1996)& 83.1& 11.5& 46& 12.65&

Lenssen&(2008)& 93.0& 8.8& 30& 10.47&

Montgomery&(1996)& 77.0& 8.0& 28& 18.18&

Ng&(1999)& 88.0& 8.9& 16& 9.32&

Worland& 96.3& 13.4& 37& 4.78&
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	  (2)	  	   Cochrane	  Collaboration	  

	   Continuous	  Passive	  Motion	  Following	  TKA	  in	  People	  with	  Arthritis	  	  
	   Published	  by	  John	  Wiley	  &	  Sons,	  Ltd.	  Copyright	  ©	  2014	  

	  

The	  Cochrane	  Collaboration	  is	  an	  independent	  global	  network	  of	  health	  practitioners,	  researchers,	  

patient	  advocates	  and	  others,	  focused	  on	  collecting	  and	  publishing	  data	  to	  support	  evidence-‐based	  

medicine.	  	  Cochrane	  Reviews	  evaluate	  the	  best	  available	  evidence	  in	  order	  to	  inform	  stakeholders	  

on	  decisions	  of	  efficacy,	  utilization,	  protocols	  and	  assessment	  of	  the	  potential	  risks	  and	  benefits	  of	  

their	  treatment.	  	  In	  2014	  Cochrane	  compiled	  a	  meta-‐analysis	  of	  24	  randomized	  controlled	  trials	  of	  

1,445	  patients	  to	  review	  outcomes	  data	  associated	  with	  CPM	  use	  vs.	  non-‐machine	  rehabilitation.	  	  

Their	  data	  concluded	  that	  CPMs	  did	  not	  significantly	  affect	  clinical	  outcomes	  in	  the	  short-‐	  or	  long-‐

term.	  	  These	  data	  also	  provided	  a	  highly	  statistically	  significant	  and	  robust	  dataset	  on	  TKA	  

recovery	  –	  showing	  that	  patients	  achieved	  an	  average	  of	  83° passive	  range	  of	  motion	  at	  6	  weeks	  

and	  108° at	  6	  months.	  

	  

“There	  remains	  uncertainty	  about	  whether	  CPM	  is	  therapeutic	  following	  TKA.	  	  For	  example,	  CPM	  
continues	  to	  be	  prescribed	  as	  part	  of	  postoperative	  care	  following	  TKA,	  commercial	  companies	  
continue	  to	  advertise	  CPM	  machines	  as	  a	  way	  to	  improve	  outcomes	  following	  TKA	  and	  research	  
attention	  continues	  to	  be	  directed	  at	  determining	  the	  effects	  of	  CPM.	  	  The	  review	  showed	  that	  CPM	  
following	  knee	  replacement	  surgery	  probably	  improves	  the	  ability	  to	  bend	  the	  knee	  slightly	  and	  the	  
person’s	  quality	  of	  life	  but	  may	  not	  improve	  pain	  or	  function.	  	  
	  
The	  findings	  of	  this	  systematic	  review	  provide	  moderate-‐quality	  evidence	  to	  indicate	  that	  CPM	  does	  
not	  have	  clinically	  important	  short-‐term	  effects	  on	  active	  knee	  flexion	  ROM	  (~2%).	  	  These	  trials	  
provided	  moderate-‐quality	  evidence	  to	  suggest	  that	  CPM	  does	  not	  have	  clinically	  important	  effects	  
on	  function	  unless	  a	  relative	  percent	  change	  in	  function	  of	  5%	  is	  considered	  worthwhile.”	  
	  

	  

(3)	  	  	  	  Archie	  Young,	  MD	  

Current	  issues	  in	  arthrogenous	  inhibition	  	  
Annals	  of	  the	  Rheumatic	  Diseases	  Vol.	  52	  (1993)	  

	  

Researchers	  explored	  the	  impact	  of	  swelling	  and	  edema	  on	  the	  inhibition	  and	  atrophy	  of	  muscle	  

strength.	  	  They	  concluded	  that	  even	  small	  amounts	  of	  swelling	  could	  significantly	  impair	  muscle	  

function	  and	  prevent	  a	  complete	  recovery.	  

	  

“Joint	  disease	  commonly	  results	  in	  severe	  weakness	  of	  associated	  muscles.	  Efforts	  to	  restore	  
strength	  are	  often	  unsuccessful,	  even	  in	  the	  absence	  of	  pain.	  	  Severe	  weakness	  and	  wasting	  of	  
muscles	  acting	  across	  an	  inflamed	  or	  injured	  joint	  is	  a	  common	  clinical	  problem.	  It	  causes	  
disability	  and	  probably	  predisposes	  the	  joint	  to	  further	  damage.	  The	  proper	  management	  of	  
patients	  with	  joint	  problems	  includes	  efforts	  to	  prevent	  or	  reverse	  the	  weakness.	  
	  
Voluntary	  activation	  of	  the	  quadriceps	  of	  the	  operated	  limb	  was	  severely	  inhibited	  (typically	  by	  
about	  70%)	  for	  at	  least	  72	  hours	  after	  the	  operation.	  	  Even	  small	  volumes	  of	  infusion	  fluid	  
produced	  substantial	  inhibition;	  just	  20-‐30	  ml	  of	  infusion	  produced	  a	  50-‐60%	  reduction	  in	  the	  
maximal	  voluntary	  activation.”	  
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(4)	   David	  K.	  Halley,	  MD	  

	   TKA	  Recovery	  and	  the	  Time	  Required	  to	  Reach	  Critical	  Benchmarks	  
	   Manuscript	  Under	  Review	  September	  2014	  

	  

Clinical	  trial	  results	  of	  patient	  utilizing	  X10	  PMKR	  therapy	  achieve	  passive	  range	  of	  motion	  (ROM)	  

significantly	  faster	  than	  patients	  treated	  with	  CPM	  or	  only	  manual	  physical	  therapy.	  	  They	  achieve	  

critical	  ADL	  benchmarks	  within	  3	  weeks	  vs.	  6	  months,	  and	  more	  quickly	  exit	  the	  healthcare	  

system	  (e.g.	  shorter	  overall	  episode	  duration).	  
	  
	   “Results	  show	  patients	  can	  now	  achieve	  critical	  recovery	  milestones	  of	  110°	  range	  of	  motion	  in	  

a	  far	  shorter	  time	  period	  than	  had	  been	  previously	  thought	  possible,	  regardless	  of	  starting	  
ROM”	  

	  
	  

	  

	  

	  (4)	  	   Shawn	  W.	  O'Driscoll,	  MD,	  PhD	  and	  Nicholas	  J.	  Giori,	  MD,	  PhD	  

Continuous	  passive	  motion:	  Theory	  and	  principles	  of	  clinical	  application	  
Journal	  of	  Rehabilitation	  Research	  and	  Development	  Vol.	  37	  No.	  2,	  Mar/Apr	  2000	  

	  

Researchers	  examined	  the	  pathophysiology	  of	  healing	  for	  patients	  who	  have	  undergone	  total	  knee	  

replacement.	  	  They	  present	  a	  timeline	  of	  the	  formation	  of	  scar	  tissue	  from	  stage	  one	  (bleeding)	  

which	  occurs	  in	  minutes	  to	  hours	  through	  stage	  four	  (fibrosis)	  which	  occurs	  over	  weeks	  to	  

months.	  	  The	  authors	  conclude	  that	  in	  order	  to	  prevent	  the	  formation	  of	  scar	  tissue	  that	  could	  

impede	  normal	  motion,	  the	  progression	  must	  be	  stopped	  after	  stage	  two	  (edema)	  within	  hours	  to	  

days	  –	  so	  that	  stage	  three	  (granulation	  tissue)	  cannot	  form.	  	  They	  propose	  that	  passive	  motion	  

could	  be	  effectively	  used	  to	  pump	  fluid	  away	  from	  the	  new	  joint,	  preventing	  and	  eliminating	  

swelling	  and	  the	  formation	  of	  scar	  tissue.	  	  	  
	  

“Stiffness	  following	  surgery	  or	  injury	  to	  a	  joint	  develops	  as	  a	  progression	  of	  four	  stages:	  bleeding,	  
edema,	  granulation	  tissue,	  and	  fibrosis.	  	  Passive	  motion	  applied	  during	  the	  first	  two	  stages	  of	  
stiffness	  acts	  to	  pump	  blood	  and	  edema	  fluid	  away	  from	  the	  joint	  and	  periarticular	  tissues.	  	  This	  
allows	  maintenance	  of	  normal	  periarticular	  soft	  tissue	  compliance.	  	  This	  concept	  …	  explains	  the	  
controversy	  surrounding	  CPM	  following	  knee	  arthroplasty.	  The	  application	  of	  this	  concept	  to	  
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clinical	  practice	  requires	  a	  paradigm	  shift,	  resulting	  in	  our	  attention	  being	  focused	  on	  preventing	  
the	  initial	  or	  delayed	  accumulation	  of	  periarticular	  interstitial	  fluids	  (and	  fibrosis)	  
	  
To	  understand	  how	  a	  joint	  ends	  up	  permanently	  stiff,	  it	  is	  necessary	  to	  understand	  how	  the	  
stiffness	  evolves,	  and	  how	  one	  stage	  ushers	  in	  the	  next.	  Consider	  the	  a	  total	  knee	  arthroplasty.	  At	  
the	  completion	  of	  the	  procedure	  (with	  the	  patient	  still	  anesthetized),	  when	  the	  wound	  has	  been	  
closed,	  the	  knee	  has	  a	  certain	  range	  of	  motion.	  If	  one	  were	  to	  bring	  the	  patient	  back	  to	  the	  
operating	  room	  from	  the	  recovery	  room	  2	  hours	  later	  and	  reexamine	  the	  patient's	  knee	  under	  
general	  anesthesia,	  it	  would	  not	  move	  through	  the	  full	  arc	  of	  motion	  found	  intraoperatively.	  This	  
is	  because	  the	  accumulating	  blood	  in	  and	  around	  the	  knee	  causes	  distention	  and	  loss	  of	  
compliance	  of	  the	  periarticular	  tissues.	  However,	  if	  this	  blood	  were	  forced	  out	  of	  the	  periarticular	  
region	  (or	  better	  still,	  not	  permitted	  to	  accumulate),	  mobility	  of	  the	  knee	  would	  immediately	  be	  
restored.	  
	  
Alternate	  flexion	  and	  extension	  of	  the	  joint	  raises	  and	  lowers	  the	  hydrostatic	  pressure	  in	  the	  joint	  
and	  periarticular	  tissues	  resulting	  in	  a	  "pumping	  effect"	  that	  forces	  fluid	  out	  of	  the	  joint	  and	  
periarticular	  tissues.”	  

	  

	  

	  

	  

CODE	  REFERENCES	  

	  

Computer-‐Controlled,	  Pressure-‐Modulated	  Knee	  Rehabilitation	  Machines	  may	  be	  used	  	  

	  

Code	  Number	   Description	  

CPT	  Codes	   	  

97001	   Physical	  Therapy	  Evaluation	  

97002	   Physical	  Therapy	  Re-‐Evaluation	  

97110	   Therapeutic	  exercises	  

97112	   Neuromuscular	  reeducation	  of	  movement,	  balance,	  coordination,	  

kinesthetic	  sense,	  posture,	  and/or	  proprioception	  for	  sitting	  

and/or	  standing	  activities	  

97530	   Therapeutic	  Activities:	  Use	  of	  dynamic	  activities	  to	  improve	  

functional	  performance	  

99090	   Computer	  data	  analysis	  

ICD-‐9	  Codes	   The	  following	  are	  related	  but	  not	  limited	  to	  

54.81	   Aftercare	  Joint	  Replacement	  

170.7	   Malignant	  neoplasm	  of	  bone	  (fibula,	  tibia,	  femur)	  

	  

Use	  additional	  code	  to	  identify	  major	  osseous	  defect,	  if	  applicable	  

(731.3)	  

337.22	   Reflex	  sympathetic	  dystrophy	  of	  the	  lower	  limb	  

430	   Subarachnoid	  hemorrhage	  

431	   Intra-‐cerebral	  hemorrhage	  

432	   Other	  and	  unspecified	  intra-‐cerebral	  hemorrhage	  

433	   Occlusion	  and	  stenosis	  of	  pre-‐cerebral	  arteries	  

434	   Occlusion	  of	  cerebral	  arteries	  
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434.1	   Cerebral	  embolism	  

434.9	   Unspecified	  occlusion	  

435	   Transient	  cerebral	  ischemia	  

436	   Acute	  but	  ill-‐defined	  cerebrovascular	  disease	  

437	   Other	  and	  ill-‐defined	  cerebrovascular	  disease	  

438	   Late	  effects	  of	  cerebrovascular	  disease	  

V571	   Physical	  Therapy	  NEC	  

714.0	   Rheumatoid	  arthritis	  

715.16	   Primary	  localized	  osteoarthrosis,	  lower	  leg	  

715.96	   Osteoarthrosis,	  unspecified	  whether	  generalized	  or	  localized	  

lower	  leg	  

716.16	   Traumatic	  arthropathy,	  lower	  leg	  

716.96	   Unspecified	  arthropathy,	  lower	  leg	  

717.0	  -‐	  717.9	   Internal	  derangement	  of	  knee	  -‐	  code	  range	  

781.2	   Abnormality	  of	  Gait	  

718.26	   Pathological	  dislocation	  of	  lower	  leg	  joint	  

718.36	   Recurrent	  dislocation	  of	  lower	  leg	  joint	  

718.56	   Ankylosis	  of	  lower	  leg	  joint	  (aka,	  arthrofibrosis)	  

718.76	   Developmental	  dislocation	  of	  joint,	  lower	  leg	  

718.86	   Other	  joint	  derangement,	  not	  elsewhere	  classified,	  lower	  leg	  

715.09	   OA,	  Generalized,	  Multiple	  Sites	  

719.46	   Joint	  pain,	  Lower	  Leg	  	  

719.56	   Stiffness	  of	  Joint,	  NEC,	  Lower	  Leg	  

719.7	   Difficulty	  Walking	  

730.06,	  730.16,	  

730.26	  

Osteomyelitis,	  lower	  leg	  

	  

Use	  additional	  code	  to	  identify	  major	  osseous	  defect,	  if	  applicable	  

(731.3)	  

732.7	   Osteochondritis	  dissecans	  

V43.65	   Knee	  joint	  replacement	  by	  other	  means	  (prosthesis)	  

V45.4	   Arthrodesis	  status	  

	   All	  other	  diagnoses	  resulting	  in	  total	  knee	  or	  elbow	  arthroplasty	  

HCPCS	  Codes	   	  

E1399	   durable	  medical	  equipment,	  miscellaneous	  

TBD	   Computer-‐Controlled,	  Pressure-‐Modulated	  Knee	  Rehabilitation	  

Machine	  (PMKR)	  
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Protec7ve	Muscle	Guarding	and	

ACL/Micro-fracture	Recovery	
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The	Nemesis	to	Tradi.onal	Knee	Rehabilita.on	–	How	to	Avoid	

Physical	Therapy	Pain	

	

Background	

Dr.	Erik	Dolton,	PhD,	has	spent	considerable	7me	studying	the	

condi7on	known	as	Protec.ve	Muscle	Guarding.	He	says,	“when	the	

brain	senses	bony	instability	or	7ssue	damage	in-and-around	the	knee	

joint,	informa7on	is	compiled	and	‘fast-tracked’	to	the	brain	where	a	

determina7on	is	made	as	to	the	degree	of	threat	and	appropriate	

response	the	situa7on	demands	

	

Layering	the	area	with	protec7ve	muscle	guarding	is	a	common	

decision	handed	down	by	the	cortex.	A	protec7ve	spasm	is	the	brain’s	

reflex	aUempt	to	prevent	further	damage	to	injured	7ssues.	By	

‘splin7ng’	the	area	with	a	spasm,	muscle	‘locking’	effec7vely	reduces	

painful	joint	movements.	The	brain	simply	acts	to	protect	the	body.	

“When	in	ques7on,	lock	the	muscle.”	Helping	pa7ents	avoid	PT	pain	is	

a	major	concern	of	physio	therapists	for	knee	and	other	surgeries.	

At	the	most	basic	level	guarding	occurs	when	a	

physio	therapist	pushes	the	pa7ent’s	knee	one	way,	

and	the	pa7ent	pushes	back,	nega7ng	the	a;empt	to	

help	the	pa7ent	gain	flexibility.		

Today’s	physio	therapist	will	always	be	confronted	with	the		

mysteries	of	muscle	guarding.	And	it	must	be	dealt	with	quickly	as	

con7nued	guarding	inhibits	proper	knee	rehabilita7on.		

Page	1	
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A	therapist	cannot	administer	effec7ve	therapy	if	a	pa7ent’s	

protec7ve	muscle	guarding	stops	the	therapy	dead	in	its	tracks.	And	

o[en	7mes	in	addi7on	to	the	brain’s	ins7nc7ve	reflexogenic	response	

to	incoming	poten7ally	painful	movement,	there	is	the	natural	

reac7on	to	consciously	protect	oneself	from	danger.	Ge\ng	past	

muscle	guarding	can	be	the	difference	between	success	and	failure	

(and	some	unpleasant	consequences)	for	your	rehabilita7on.	

	

Let’s	examine	a	very	interes7ng	concept	from	Dr.	Thomas	Hanna,	Phd,	

called	sensory-motor	amnesia	(S-MA).	Dr.	Hanna	writes:	

“It	is	my	understanding	that	perhaps	as	many	as	fiBy	

percent	of	the	cases	of	chronic	pain	suffered	by	human	

beings	are	caused	by	sensory-motor	amnesia	(S-MA).”	

This	new	term,	Sensory-Motor	Amnesia,	which	Dr.	Hanna	coined	for	

descrip7ve	purposes,	refers	to	a	condi7on	o[en	present	in	cases	of	

chronic	pain.	Its	most	common	sign	is	poor	muscular	control	caused,	

not	by	damage	of	muscles	or	the	brain,	but	by	brain	condi7oning	

following	injury,	surgery,	or	long-term	stress.	The	person	no	longer	

has	an	accurate	sense	of	movement	and	posi7on,	of	which	muscles	

s/he	is	holding	7ght	and	which	are	relaxed.	Some	areas	of	the	

musculature	have	too	much	sensa7on	(pain)	and	some	areas	have	

diminished	sensa7on.	Some	are	too	7ght	and	some	are	too	loose.	

Some	kinds	of	movement	are	easy	to	control,	others	difficult.		

Page	2	
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The	pain	of	S-MA	results	primarily	from	chronic	muscular	tension	and	

soreness	(fa7gue);	addi7onal	pain	may	come	from	resultant	joint	

compression	and	nerve	entrapment	(paraesthesias).	

	

This	loss	of	muscular	control	occurs	either	from	the	immediate	shock	

of	injury	(and	a	“disowning,”	or	withdrawal	of	aUen7on	from,	the	

injured	area,	as	in	cringing),	from	the	physiological	memory-imprint	of	

the	injury	and	the	habituated	ac7on	of	recoiling	as	if	the	injury	is	

presently	happening,	or	from	long-term	movement	paUerns	(as	in	

limping,	long-term	nervous	tension,	or	repe77ve	ac7ons)	which	lead	

to	the	forma7on	of	a	new	muscle-movement	habit	that	the	person	

cannot	easily	break.	

	

S-MA	is	a	state	of	habitua7on,	rather	than	a	state	of	injury	(i.e.,	a	

lesion).	Tension	and	movement	habits	cannot	be	changed	by	drugs	or	

surgery	(which	is	why	standard	pain-management	methods	are	so	

o[en	only	par7ally	or	temporarily	effec7ve	with	chronic	pain);	habits	

can	be	changed	only	by	new	learning	—	in	this	case,	by	developing	or	

reac7va7ng	neural	pathways	for	free	voluntary	movement	with	an	

accurate	sense	of	movement	and	posi7on.	The	process	involves	

learning	or	relearning	muscular	control,	whatever	the	clinical	method	

employed,	and	a	shi[	from	reflexive	ac7on	to	voluntary	control.	

Relaxa7on	occurs	as	control	improves.	With	relaxa7on,	pain	ends	

while	control	remains.	

JSPTI, 2015 
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Case	Study:	“Protec.ve	Muscle	Guarding	and	Recovery	from	ACL	and	

Micro-fracture	Surgeries”	

	

Pa.ent:	Luis	O.,	New	Jersey	

Condi7on:	Weeks	Six	through	Nine	Post	Surgery	

	Range	of	Mo7on:	75º	

	Le[	Knee	(Seated)	AROM/PROM	

	Flexion:	73º/75º	

	Extension:	-9º/-5º	

	Antalgic	gait	paUern	with	2	crutches	(No	Le[	hip	or	knee	

									extension,	forward	flexion	thru	hip	and	trunk,	no	func7onal	

									heel	strike	or	toe	off)	

	Grade	3	Le[	knee	joint	effusion	

	Mild,	pi\ng	edema	into	Le[	anteromedial	7bia	(proximally)	

	Mild-moderate	atrophy	Le[	gastrocnemius	(medial/lateral)	

	Moderate	atrophy	Le[	VMO	muscle	

	Le[	quad	lag	

	Mild	scar	7ssue	adhesion	distal	por7on	of	surgical	incision	site	

Luis	O.	found	that	his	response	to	the	administra7on	of	physical	

therapy	was	to	“resist	with	all	his	might”	in	order	to	“protect	

himself	from	pain.”	His	physical	therapy	post	surgery	had	

completely	stalled.	“We	hit	a	wall	and	I	became	desperate,”	said	

Luis	O.	As	much	as	he	respected	his	physio	team	he	was	no	longer	

making	progress.	
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At	nine	weeks	post	surgery	his	condi7on	had	not	changed	and	he	

engaged	X10	Therapy	to	help	him	catch	up	on	range	of	mo7on	with	

the	X10	Recovery	Machine.	His	performance	on	the	X10	was	

immediately	improved	as	compared	to	his	tradi7onal	PT	Sessions.	

	

Pa.ent	Results	on	X10	

A[er	comple7on	of	three	weeks	on	the	X10	(by	week	12	post	

surgery),	including	three	30-minute	sessions	per	day	u7lizing	7	lbs.	of	

pressure	modula7on,	Luis	O.	was	able	to	achieve	the	following:	

	

	Le[	Knee	(Seated)	AROM/PROM	

	Flexion:	98º/114º	

	Greatly	improved	gait	paUern	with	no	crutches	(pain-free)	

	

Luis	O.	began	using	the	X10	Knee	Recovery	Machine	in	his	home	3x	

per	day,	30	minute	dura7on	for	each	session.	His	quest	to	avoid	PT	

pain	began	in	earnest.	He	found	that	because	the	X10	machine	was	

under	his	control,	he	trusted	that	it	would	not	hurt	him.	His	brain	

(both	subconscious	and	conscious)	accepted	this	fact	and	he	was	able	

to	relax	during	therapy.	This	allowed	for	real	progress	to	begin	again	

toward	his	range	of	mo7on	goal	of	130º.	In	three	weeks	Luis	was	able	

to	gain	39º	range	of	mo7on.	He	began	walking	as	many	as	seven	miles	

with	less	and	less	of	a	limp,	at	first	using	only	one	cane	(vs.	two	

previously)	and	then	cane	free.	
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The	reac7ons	at	both	Luis	O.’s	PT	clinic	and	at	his	surgeon’s	prac7ce	

(Dr.	Deepan	Patel,	Orthopedic	Surgeon)	were	very	posi7ve.	As	a	point	

of	fact	they	were	somewhat	incredulous	as	his	progress	exceeded	all	

expecta7ons.	Luis	O.	was	able	to	avoid	a	Manipula7on	Under	

Anesthesia	as	his	ROM	exceeded	the	lower	limits	his	surgeon	set	for	

M.U.A.	Luis	was	able	to	overcome	Protec7ve	Muscle	Guarding,	avoid	

PT	pain,	and	get	back	on	the	path	to	recovery.	

	

In	Dr.	Hanna’s	descrip7on	of	“the	forma7on	of	a	new	muscle-

movement	habit	that	the	person	cannot	easily	break”,	we	have	an	

accurate	representa7on	of	Luis	O.’s	condi7on	prior	to	star7ng	X10	

Therapy.	Through	the	use	of	the	repe77ve	mo7on	on	the	X10	Knee	

machine,	mo7on	that	is	controlled	fully	by	the	pa7ent,	Luis	O.	was	

able	to	achieve	relaxa7on	“as	control	improved.”	As	his	pain	ebbed	his	

control	remained	as	Dr.	Hanna	suggests	will	occur.	It	was	only	a[er	

Luis	O.	“trusted”	that	the	X10	would	follow	his	direc7on,	never	move	

past	comfortable	range	of	mo7on,	only	advance	degree	by	degree	as	

his	leg	became	relaxed	could	avoid	PT	pain,	that	he	began	making	

significant	gains.	He	overcame	his	own	Protec7ve	Muscle	Guarding	

which	led	him	to	a	successful	rehabilita7on	on	the	X10	Knee	

Rehabilita7on	Machine.	

	

Conclusion	

Protec7ve	Muscle	Guarding	can	be	avoided	by	placing	the	control	of	

rehab	in	the	hands	of	the	pa7ent.	The	X10	Knee	Rehabilita7on	

Machine	allows	pa7ents	to	overcome	Protec7ve	Muscle	Guarding.	
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For	a	more	complete	discussion	of	Hanna	Soma4c	Educa4on	read	the	ar4cle	

from	which	the	quotes	in	this	ar4cle	were	excerpted:	“Clinical	Soma4c	

Educa4on	—	A	New	Discipline	in	the	Field	of	Health	Care”,	by	Thomas	Hanna,	

Ph.D.	(published	in	Soma4cs	—	Magazine-Journal	of	the	Bodily	Arts	and	

Sciences,	Volume	VIII,	Number	1,	autumn/winter	1990-91.)	

	

Protec7ve	Muscle	Spasms	from	Dr.	Erik	Dalton,	Phd	click	

hWp://erikdalton.com/protec4ve-muscle-spasm/	

	

Muscle	Guarding	and	Neuromuscular	Reeduca7on	from	PT	Drew	Logue	of	

Advanced	Physical	Therapy,	visit:	hWp://www.x10therapy.com/neuromuscular-

reeduca4on/		

	

Quadriceps	Ac.va.on	Following	Knee	Injuries:	A	Systema.c	Review	

Arthrogenic	muscle	inhibi4on	is	an	important	underlying	factor	in	persistent	

quadriceps	muscle	weakness	aZer	knee	injury	or	surgery.	

hWp://www.ncbi.nlm.nih.gov/pmc/ar4cles/PMC2808760/	

	

Implica.ons	of	muscular	defense	in	tes.ng	for	the	anterior	drawer	sign	in	the	

knee.	A	stress	radiographic	inves.ga.on.	hUp://www.ncbi.nlm.nih.gov/

pubmed/2729492	

	

Jason	Shepherd,	PT,	BScPT	

Physical	Therapist	

Injury	Preven7on	Consultant	
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