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Introduction
Orthopedic surgery is one of the most common medical procedures in the United
States, and its prevalence is only increasing. It is estimated that over 2 million
spine surgeries are performed in the US annually, while over 1.5 million total knee
arthroplasties (TKA) are performed.1-3 What makes these numbers even more
significant is that since 2010, TKAs have doubled.4 Because of the increasing
numbers of orthopedic surgeries in the US, these procedures have come under
new scrutiny due to their ever-increasing costs and associated patient outcomes.
One in three patients still experience significant pain and disability following
lumbar surgery, while one in five patients experience persistent pain and
disability following TKA.5-7 To address this pain, patients are sometimes
sent to physical therapy for treatment after lumbar surgery and TKA. Recent
research specific to postoperative rehabilitation, however, has highlighted
issues with this assumption. First, postoperative rehabilitation following TKA or
lumbar surgery has shown limited efficacy in reducing postoperative pain and
disability.8,9 Second, the exact content, frequency, duration, and timing of optimal
postoperative rehabilitation is not known.8 Third, and finally, it is now known that
many patients are not readily sent to physical therapy following lumbar surgery
and TKA, despite the presence of pain and disability.10

It is estimated
that over 2
million spine
surgeries are
performed in
the US annually,
while over 1.5
million total knee
arthroplasties
(TKA) are
performed.1-3

Given the increasing number of surgeries, high percentage of patients with
ongoing pain and disability, limited efficacy, and referral to physical therapy,
large numbers of patients report a poor surgical experience, which further fuels
ongoing pain and disability.5-7
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Is preoperative rehabilitation
the answer?
To address this issue, research started focusing on preoperative interventions.11,12
Hospitals and surgery centers started offering preoperative classes and
rehabilitation started offering prehabilitation sessions—strengthening and
conditioning preoperatively as a means to prevent postoperative pain and
disability.13 Current best evidence, however, questions both these strategies. A
series of systematic reviews of preoperative education in orthopedic surgery has
found no postoperative benefit in terms of pain, disability, and length of hospital
stay.12,14 The only positive effect was some decreased anxiety prior to surgery.
Similarly, no evidence has been found that shows that prehabilitation has positively
influenced a patient undergoing orthopedic surgery.13
The net result for hospitals, surgery centers, surgeons, and healthcare systems is
that approximately one in four patients have a poor surgical experience. Not only
does this reflect poorly on the hospital, but it adds to the overall healthcare burden
when these patients undergo further tests (i.e., imaging) and treatment to address
their ongoing pain and disability.

The net result
for hospitals,
surgery centers,
surgeons, and
healthcare
systems is that
approximately
one in four
patients have
a poor surgical
experience.

If preoperative rehabilitation is not working, what can be done to mitigate these
postoperative effects?

Preoperative Pain Neuroscience
Education for Lumbar Surgery
Developing the Program
In 2012, a pain neuroscience team started looking into this exact issue and
decided to focus on lumbar surgery, given its high rate of one in three patients
experiencing ongoing pain and disability after surgery.
In order to develop a strategy, the scientist started with a series of questions.
Over the course of four years, the research team then set out to develop studies
to answer these questions. Overall, it yielded a series of high-level, peer reviewed
studies published in a variety of pain, surgery, and physical therapy journals.
These studies yielded the following answers to these important questions:

What do patients undergoing lumbar surgery want from healthcare
providers, surgeons, and the hospital?
In order to truly impact the problem, a patient-centered approach was needed.
Previous studies have alluded to the fact that patients have unrealistic expectations
of surgery and surgeons underestimate patient needs when it comes to
preoperative education.
Patients one month after lumbar surgery were interviewed and surveyed about
their surgical experience, including their needs.15 Although 97 percent of patients
thought their preoperative education was beneficial, more than one in three felt they
did not get enough education on pain, especially pain experienced in the immediate
postoperative period. Additionally, 50 percent of patients surveyed at four weeks
postoperative were afraid their pain would get worse in the ensuing months.

50 percent of
patients surveyed
at 4 weeks
postoperative
were afraid
their pain would
get worse in
the ensuing
months.15
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What constitutes “usual” preoperative lumbar
surgery education?
In order to truly assess why the current programs
are not successful, it was decided to investigate
what surgeons, surgery centers, and hospitals do
for typical preoperative care.
A survey study of spine surgeons in the US revealed
that the majority of the preoperative education
delivered by surgeons consists of a biomedical
model focusing purely on anatomy and little time
spent on psychosocial issues such as fear, anxiety,
and poor beliefs and expectations regarding the
impending surgery.16
What does the general population think about
lumbar surgery?
Patient beliefs and expectations are powerful
drivers when it comes to a patient’s pain
experience. It was hypothesized that with the large
number of people experiencing persistent pain and
disability after surgery, the population at large may
already be skewed towards a negative experience,
which may influence the outcomes of surgery.
A survey study was developed to assess the general
population’s beliefs about lumbar surgery. Results
from the study showed that the general population
was unsure about lumbar surgery and harbor
negative views when it comes to picking surgery
over non-surgical approaches for their back pain.17
Is there any effective preoperative strategy that
can be borrowed?
Amid the various systematic reviews and metaanalyses of preoperative education, some individual
studies have shown some postoperative benefit.
In-depth analysis of these may show some potential
strategies that can be further explored to build
a new comprehensive program to potentially
influence postoperative outcomes.

Are there any other effective strategies that
can be borrowed for patients with complex
back pain?
Persistent (non-surgical) low back pain, interlaced
with similarly high levels of fear-avoidance,
pain catastrophization and faulty beliefs about
pain, resembles postoperative persistent pain
and disability seen in lumbar surgery. Is there a
successful strategy for this population that can be
adapted and applied for lumbar surgery?
Emerging pain science research has shown that
teaching people more about the neurophysiology
and neurobiology of pain, referred to as pain
neuroscience education (PNE), has significant
benefits for patients with persistent low back
pain.19 Various systematic reviews and metaanalyses show its positive effect on reducing selfreported pain, disability, fear-avoidance, and pain
catastrophization, and also improve movement.20
Can we develop a lumbar surgery program
using all this information?
Can the various aforementioned information be
collected, synthesized, and used to help build a
more comprehensive preoperative program for
lumbar surgery? And if such a program is built, will
it result in superior results compared to current
programs and strategies?
With the program developed, a series of
studies were designed to test the newly formed
preoperative PNE program for lumbar surgery, and
the results from these studies were used to develop
a preoperative PNE program from lumbar surgery.21

One study, specific to lumbar surgery, showed a
positive effect on postoperative pain on the day of
surgery, and the two days following surgery. In this
nurse-led study, patients were deliberately taught
more about pain.18
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Results of the Program
The program was designed to be delivered as a one-on-one, clinician-led session, lasting 30 minutes. The
session taught patients about their decision to undergo surgery, how a sensitized nervous system is part
of the pain and surgical experience, and how pain after surgery is to be expected, given the heightened
sensitivity of the nervous system. Finally, patients were given strategies to help calm down their sensitized
nervous system (and pain) with simple-to-follow post-operative advice and strategies.
Early testing of the program showed that clinicians, in this case physical therapists, can be trained in the
program, allowing it to be scaled and used in clinical trials and clinical practice.22 The program showed that
PNE shifted patients getting ready for lumbar surgery towards more realistic expectations after surgery, i.e.,
back and leg pain to some extent is expected and normal, versus expectations to be “pain free” post op.23
Additionally, in line with non-operative complex low back pain, a functional magnetic resonance imaging
study showed that the program decreased widespread brain activity correlating to reduced fear, anxiety, and
catastrophization prior to lumbar surgery.24
With the program developed, tested, and validated, it was ready for large-scale testing. A multi-center
randomized clinical trial was developed with half of the patients getting ready for lumbar surgery receiving
preoperative PNE and the other half not.25 Patients then underwent lumbar surgery and were tracked for three
years post-op.26 At one year after lumbar surgery, there was no difference between the two groups for back
pain, leg pain, and disability, however:
The PNE group, despite having similar pain and disability, rated their surgical experience far superior,
including willingness to undergo another surgery, and rated the surgical experience as positive, versus
the non-PNE patients.
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Results of the Program Continued
Healthcare savings
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The big result, however, was that those patients in the one year after surgery (same pain and disability)
who received preoperative PNE spent 45 percent less on healthcare (tests, imaging, treatment)
compared to those who didn’t receive preoperative PNE. Savings exceeded $2,000 per patient in the
one-year postoperative period. With 600,000 laminectomies/discectomies in the US annually, this
program would amount to a $1.2 billion annual savings.
The same patients were tracked for three years, and the same results to patient satisfaction and cost
savings remained intact. In fact, the cost savings grew to a 60 percent difference in favor of the
PNE-group.
Recently, a Belgium-led team replicated these studies and showed similar results in cost savings, but
also favorable superior results for preoperative PNE for fear-avoidance, function, and catastrophization
(Huysman, et al., submitted for publication). Additionally, the preoperative PNE program patients
returned more frequently than non-PNE patients.
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Applying the Program to
Total Knee Arthroplasty
With the positive results from the lumbar surgery
studies, attention shifted to the development,
testing and validation of a preoperative PNE
program for total knee arthroplasty (TKA). The
content was adapted to pertain to TKA, including
the decision to undergo TKA, sensitization of the
nervous system with knee osteoarthritis over
time, pain and sensitization of the nervous system
following surgery, as well as strategies to calm
down the sensitized nervous system, and pain, after
TKA. The TKA program was designed to be done in
group format using visual aids and a lecture, and
able to be added to any surgery center or hospital
preoperative education classes.

Following testing, a randomized clinical trial tested
the newly designed TKA program by alternating
TKA patients to receive PNE or not prior to surgery.
Patients were followed for six months following
TKA. At the six-month follow-up, patients receiving
PNE or not were equal in terms of knee pain and
disability—similar to lumbar surgery. Once again,
however, despite having similar pain and disability,
the PNE-group had superior surgical and hospital
experiences compared to the non-PNE group,
including willingness to undergo another TKA.28
Cost analysis was not part of the TKA study since
postoperative management for TKA is more
structured and predetermined compared to
lumbar surgery.

Results of the Program
Prior to testing the preoperative PNE program for
TKA on a large scale, a smaller scale study was
undertaken to test the program. Patients scheduled
for TKA were taught PNE prior to TKA and results
showed that the nervous system of the TKA knee
preoperatively calmed down 20 percent—which
is similar in effect size as what is currently being
reported with membrane-stabilizers given to
patients prior to TKA, without the side effects of
the medication.27

Patient Experience

Patients scheduled for TKA were
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showed that the nervous system of
the TKA knee preoperatively calmed
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Conclusion
With the establishment of the preoperative PNE programs for lumbar surgery and TKA, which have
since spawned various additional studies, attention shifted to other orthopedic surgeries. The
preoperative PNE program has since been adapted and tested for shoulder surgery in preparation
for larger, more comprehensive clinical trials. The immediate post-PNE session for shoulder surgery
has shown promise, with the sensitivity of the nervous system on the surgical shoulder decreasing
26 percent prior to surgery.29 Future studies will explore larger clinical trials for shoulder surgery and
expansion of the TKA program for total hip arthroplasties.

OLD APPROACH

NEW APPROACH

Patient has low back and leg pain. Patient consults with spine surgeon and decides to undergo low-back surgery.
Surgeon gives patient 10-15 minutes of preoperative education regarding the surgery, procedures, and recovery.

Preoperative

Patient visits a physical therapist for
preoperative education regarding pain
science and a booklet to take home.
• 1 Visit
• 30 minutes
• $3 booklet

Patient waits for surgery date.

Surgery
Patient undergoes low-back surgery.

Patient is tracked for one year after surgery

Post-operative

Patient doesn’t understand how pain
works and worries about post-operative
pain. Patient undergoes additional
imaging, tests, and treatments.

Patient understands what pain is and how it
works and has realistic expectations of
post-operative pain. Patient undergoes
standard follow-up.

After one year, both patients have the same outcome regarding back pain, leg pain, fear of work, fear of physical activity,
pain catastrophization, and function. Substantial differences are observed in average cost and level of satisfaction.

Average Cost

$

Avg. cost for imaging, tests,
and treatments:

$4,833

Avg. cost for imaging, tests
and treatments:

$2,678

600,000 discectomies were performed in the US in 2012. If the cost of savings per patient were applied, it would
account for an annual savings of $1.2 billion.
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Standardize Care Delivery &
Reduce Costs with MedBridge
Implement clinical pathways that improve outcomes and lower costs by standardizing high-quality care. Our
solution targets both patients and providers, helping you improve patient engagement while educating your
staff on the latest care protocols and best practices.

Elevate your care team
and boost competency

Engage your patients
and improve adherence

Report and remediate
gaps in performance

Identify areas for improvement
using organizational data, and
create programs to remedy skill
and clinical gaps with targeted
education.

Elevate outcomes with
standardized and effective
clinical pathways that follow
best treatment practices, engage
patients, and drive adherence.

Electronically track progress for
both clinicians and patients and
continually refine your education
programs and pathways based
on outcomes data.

MedBridge helps healthcare organizations create templated pathways of care by providing Patient Education
and Home Exercises on a powerful delivery platform—including telehealth and a mobile engagement app—
through each stage of care. Boost adherence and outcomes with adherence tracking, pain and difficulty
rating, and in-app messaging.
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Neuroscience of Pain Education Course Series
Learn the evolution, development, and final build of the preoperative pain neuroscience
education program for orthopedic surgery, focusing on preoperative pain neuroscience
education for pre- and postoperative lumbar surgery, knee replacements, and shoulder
surgery patients.

•
•
•

Orthopedic Surgery, Pain, and Disability
Preoperative Pain Neuroscience Education for Lumbar Surgery
Preoperative Pain Neuroscience Education for Knees and Shoulders

Neuroscience of Pain Training Series
Learners will come away from the course with a working knowledge of the various constructs
of the biopsychosocial model and how one can leverage this model to better serve patients
in pain.

•
•
•
•
•

The Pain Epidemic and Biopsychosocial Model
The Neuroscience of Pain
Introduction to Pain Neuroscience Education
Application of Pain Neuroscience Education
PNE+: Nonpharmacological Approach to Treating Pain
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