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Objectives 
n  Outcomes 
n  Challenges 
n  Current state of evidence 
n  Therapeutic neuroscience education (TNE) 
n  Post operative restrictions 
n  Exercise interventions 

  

The Numbers 
} The likelihood of having spinal surgery in 

the United States is 5 times higher than 
that of the United Kingdom, and 2 times 
that of Australia, Canada and 
Scandinavian countries.(Lurie Spine 2003) 

An important reason to examine such questions is that

many adverse events following surgery are unavoidable
consequences of the physiologic insult to patients. Indeed,

some studies have suggested that only a minority of

adverse events are a result of physician negligence. A
familiar example occurs in drug prescribing, where a

negative drug reaction may occur in a patient for whom a

drug has been appropriately prescribed for the first time.
This is an adverse event, but not one that is due to

negligence. However, if a drug reaction occurs in a
patient with a known sensitivity to the drug, this adverse

event would be properly judged to be caused by negli-

gence [1]. In a review of 30,000 patient records from 50
hospitals, adverse events were identified in 3.7% of hos-

pital stays, but adverse events caused by negligence

occurred in only 1% [2]. Thus, a majority of adverse
events may be an unavoidable feature of care, making the

question of whether the care was necessary an important

quality concern.
In the field of spine surgery, there is persistent contro-

versy about the indications for certain types of elective

surgery, whether or not a fusion is required in addition to a
decompression procedure, and when surgical implants are

necessary [3]. Furthermore, one can make a case that at

least in some regions, spine surgery, fusion procedures, and
surgical implants may be overused. If this is true, then

assessing the need for surgery in the first place, or the

choice of a procedure, becomes prominently important in
quality assurance.

Is there evidence of excessive spine surgery?

There is probably no definitive way to determine whether
there is excessive spine surgery. As yet, we have no gold

standard for determining the need for what are usually

elective procedures, involving major components of phy-
sician judgment and patient preference. Patients may not

fully understand the options available to them, including

the choice of nonsurgical care. Yet randomized trials
suggest that for the example of patients with sciatica,

surgical and non-surgical care may have similar long term

outcomes, though with a short-term advantage for surgery.
Several lines of evidence suggest that, at least in some

countries and regions, spine surgery may be performed

more often than necessary. These can be briefly summa-
rized as follows.

International comparisons

Rates of spine surgery vary dramatically from one country

to the next, even among highly developed countries. The

United States performs spine surgery at roughly twice the

rate of most developed countries. The most recent formal

comparisons suggest that the US rate is roughly twice that
in New Zealand, Australia, Canada, Norway and Finland

(Fig. 1). Spine surgery rates in the United Kingdom are

about one-fifth of the US rate [4]. We have little reason to
believe that there are biological differences from country to

country, and epidemiologic studies suggest that rates of

back pain are similar among geographic areas. Differences
in health care organization and financing, surgical queues,

patient expectations, surgical training, and professional

uncertainty may explain some of these variations, but
biological explanations seem unlikely. Although it may be

that every other nation is underperforming spine surgery

and that the US rate is optimal, it seems equally likely that
lower rates may be optimal, and the US and other high rate

countries may be performing excessive surgery.

Other geographic variations

Even within countries, there are typically wide geographic

variations in rates of spine surgery [5]. For example, one

US study of the Medicare population showed 8-fold
regional variation in rates of spinal decompression, and 20-

fold variation in rates of spinal fusion [6]. To many

observers, this suggests a poor consensus regarding indi-
cations for spine surgery and again raises the likelihood

that rates may be excessive in some areas.

Trends in surgery rates

There is little reason to believe that anatomic abnormalities
of the spine are becoming more common, and yet surgery

rates, at least in the US, are steadily increasing [7]. This is

not simply due to aging of the population, because most
studies report age-adjusted rates. One study demonstrated a

220% increase in spinal fusion surgery in particular,

between 1990 and 2000 (Fig. 2) [8]. This occurred in the
absence of clarified indications or new demonstrations of
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Fig. 1 Ratio of back surgery rate in selected countries to back
surgery rate in the US (1988). (Adapted with permission from Spine,
1994, Lippincott Williams and Wilkins [4])
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Increased Lumbar Fusions 
 

• Between 1996 – 2001 
– Spinal fusions rose by 77%  
– Total hip arthroplasty (THA) and total knee arthroplasty (TKA) rose by 13% 
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The Numbers 
}  In the USA lumbar 

fusion surgery rates 
have increased 220% 
from 1990 to 2001,(Deyo 
Spine 2005, Gray Spine 2006)  

} This led to a 500% 
increase in spending 
for lumbar fusion from 
1992 to 2003. (Weinstein 
Spine 2006)  

 

efficacy for spine fusion. In fact, the increase preceded

publication of the first randomized trial of fusion versus

nonsurgical therapy for discogenic back pain. Although
causal inferences cannot be made, there was a sharp

acceleration in fusion rates after 1996, coinciding with the

introduction of intervertebral interbody fusion cages [8].
Other studies demonstrated that during the last 5 years

of the 1990s, spine surgery rates in the Medicare popula-

tion increased 40%; spine fusion rates increased 70%; and
instrumented spinal fusions increased 100% [9]. A review

of published literature similarly demonstrated a substantial
increase in the use of fusion surgery and instrumentation

from the 1980s to the 1990s, but with little change in

reported solid fusion rates or in clinical outcomes [10].

Surgical outcomes

A study in the state of Maine identified regions that had low,

intermediate, or high rates of lumbar spine surgery. In a

prospective cohort study that involved most of the spine
surgeons in the state, preoperative data were collected and

post-operative follow-up was obtained over 2–4 years. By

each of the outcomes measured (Roland Disability Score,
satisfaction with surgical outcome, and rates of disability

compensation) the best results occurred in areas with the

lowest surgery rates and the worse outcomes occurred
in areas with the highest surgical rates. The region with

intermediate surgical rates had intermediate outcomes on

each measure (Table 1) [11]. Although we cannot comment
on outcomes for the patients who did not undergo surgery,

these results suggest that higher rates of surgery did not

necessarily lead to better outcomes. This seems consistent
with randomized trial results for sciatica that show sub-

stantial improvement even with nonoperative care.

Expert opinion

In the US, several prominent surgeons have voiced the
opinion that excessive spinal fusion surgery is being

performed. One neurosurgeon estimated that fewer than

half of fusions are appropriate [12] and an orthopaedic
surgeon was described as being worried by what he views

as a proliferation of spinal fusions [13]. In a presidential

address for the Scoliosis Research Society, Dr. Harry
Shufflebarger described ‘‘a fusion cage explosion’’ after

the 1996 approval of these devices, but went on to sug-

gest that ‘‘4 years later, the efficacy of these stand-alone
devices is very questionable’’ [14]. Although opinions

certainly vary, these reports suggest that there is sub-

stantial expert opinion that too much spine fusion surgery
is done in the US.

Preferences of well-informed patients

Formal decision aids have been developed for patients

considering back surgery. These attempt to summarize as
accurately as possible the available literature on outcomes

of surgical and nonsurgical treatment for herniated disc,

spinal stenosis, and axial low back pain. They also include
video interviews of patients with good and bad outcomes

from both surgical and nonsurgical treatments, to give the

patient a vicarious sense of having good or bad outcomes.
These decision aids have been shown to improve patient

knowledge about back pain and treatment outcomes. In a

randomized trial, patients who viewed the video decision
aid had a 22% lower rate of spine surgery than the com-

parison group that received only briefer written materials.

Despite a lower surgery rate, the pain and functional out-
comes at 1 year were equivalent [15]. Thus, the rate of

surgery chosen by well-informed patients along with their

surgeons may be lower than that which occurs with usual
care, with no decline in patient outcomes [15, 16]. Again,

this suggests that surgical rates may be higher than nec-

essary to optimize patient outcomes.
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Fig. 2 Lumbar spine fusion rates, US National inpatient sample.
(Adapted with permission from Spine, 2005, Lippincott Williams and
Wilkins [8])

Table 1 Lumbar surgical outcomes in 3 regions of Maine, according
to surgical rates in each area

Low rate
area

Middle
rate area

High rate
area

Improvement in Roland score* 13 11 8

Disability compensation 8% 10% 18%

Satisfied with outcome* 72% 63% 49%

Follow-up was 2–4 years for all patients

*p \ 0.05

Ref. [11]
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The Numbers 
n Although overall lumbar surgical rates in 

the USA reduced from 2002 to 2007, 
fusion rates increased 15 fold ( Deyo JAMA 2010) 
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Spinal-Fusion Surgery — The Case for Restraint

 

Richard A. Deyo, M.D., M.P.H., Alf Nachemson, M.D., Ph.D., and Sohail K. Mirza, M.D.

 

The use of spinal-fusion surgery in the United States
is rapidly increasing. National survey data indicate
that the annual number of spinal-fusion operations
rose by 77 percent between 1996 and 2001.
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 In con-
trast, hip replacement and knee arthroplasty in-
creased by 13 to 14 percent during the same interval
(Fig. 1). Spinal-fusion surgery is expensive, with the
average hospital bill more than $34,000, excluding
professional fees.
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The rationale for spinal fusion is based on suc-
cessful use of arthrodesis to prevent movement at
painful joints or to correct joint deformities. In an
arthrodesis procedure, opposing bone surfaces of
a joint are roughened and packed with bone graft
material. This induces new bone formation, which
bridges the gap and fuses the bones into a single
unit. Spinal arthrodesis was initially used for the
treatment of severe scoliosis, spinal tuberculosis,
and fractures. These indications now account for
only a small fraction of spinal-fusion procedures,
since indications have expanded to include pain
from degenerative disorders. Now, approximately
75 percent of spinal fusions are performed for
spondylosis (spinal degenerative changes), disk dis-
orders, and spinal stenosis exclusive of deformi-

ties.
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 The procedure may be performed alone or in
conjunction with diskectomy or laminectomy. Wide
geographic variations in use suggest a poor level of
professional consensus on the indications.
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Several factors may be contributing to the rap-
id increase in spinal-fusion surgery. Changes in
the population, technological advances, and uncer-
tainty regarding indications, as well as the finan-
cial incentives for surgeons, hospitals, and the de-
vice industry may have synergistic effects. Much of
the increase in use has been in older adults, in asso-
ciation with laminectomy for spinal stenosis.
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 Im-
proved anesthetic techniques for older patients and
the advent of axial spine imaging may have facilitat-
ed this rapid increase.

Other technological advances include new spi-
nal-fixation devices, computer-guided and mini-
mally invasive surgical techniques, and bone-graft
substitutes and supplements such as bone morpho-
genetic proteins.
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 The market for spinal implants
and devices is estimated to be $2 billion a year, with
an annual growth rate of 18 to 20 percent.
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 A rapid
rise in fusion rates, beginning in 1996, coincided
with approval by the Food and Drug Administra-
tion (FDA) of intervertebral “fusion cages,” a new
generation of surgical implants. Reimbursement for
spinal procedures is more favorable than reimburse-
ment for most other procedures performed by or-
thopedic surgeons and neurosurgeons.

Widening indications have also contributed to
the rise in rates of fusion surgery. A recently added
indication is so-called diskogenic pain, or low back
pain without sciatica in patients with degenerative
disks. This controversial diagnosis is often identi-
fied by provocative diskography, itself a controver-
sial procedure.
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 The test involves injecting contrast
material into the nucleus pulposus of a possible cul-
prit disk, in an effort to reproduce the patient’s pain.
Diskogenic pain is distinct from disk herniation
with radiculopathy, for which surgical treatment is
usually a simple diskectomy. If surgical treatment
is used, presumed diskogenic pain is typically treat-

 

Figure 1. Annual Number of Knee-Arthroplasty, Hip-Replacement, and Spinal-
Fusion Operations in the United States, on the Basis of the National Inpatient 
Sample.

 

Data are from the Agency for Healthcare Research and Quality.
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Fusion Outcomes from Swedish 
National Spine Register 
n  25% of patients reported no change or 

worsened pain following lumbar fusion 
(back and/or leg pain) 

 
n At 1 year 40% of patients reported 

dissatisfaction regarding the outcome of 
the surgery. 

 
(Stromqvist 2007) 
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Fusion Outcomes 
n  70% of patients report significant long-

term functional improvement  
n Solid fusion as determined from 

radiographs ranged from 52% to 92% 
depending on the choice of surgical 
procedure. (Christensen 2004) 

n Re-operation rates reported 14%  
   within 4 years (Martin 2007) 

¨ 62.5% of reoperations associated with device 
complications or psuedarthrosis 

 

 

Take Home Message 
n Fusion can provide functional 

improvements in the appropriate patient. 
n Fusion doesn’t really “fix” the patient, it 

addresses a specific anatomical problem.  
n Outcomes can vary greatly depending 

on surgical technique, patient selection 
and criteria for success. 

Take Home Message 
n  Increasing rate of lumbar spine fusion 
n High costs associated with lumbar fusion 
n High re-operation rate 
n  Lack of consistent outcomes 

“Effective rehabilitation of 
patients following lumbar spinal 
fusion surgery is an important 
issue.” (Rushton) 
 

Challenging Patient  
n Pain  
n Functional limitations/

disability  
n ROM  
n Psychosocial issues  
n High utilization of medical 

services  
n Disc injury above/below the 

surgical level  

 

n engl j med 

 

350;7

 

www.nejm.org february 

 

12, 2004

 

643

 

P E R S P E C T I V E

 

Spinal arthrodesis (the creation of a fusion) was de-
veloped for the treatment of instability and defor-
mity due to tuberculosis, scoliosis, and traumatic
injury. Modern spinal surgery was helped by the in-

troduction in 1911 of the tibial graft by Albee and
the iliac-crest graft by Hibbs. These techniques re-
quired prolonged postoperative bed rest and the use
of braces and casts for immobilization, and their
use was complicated by a rate of pseudarthrosis of
at least 20 percent. Surgical implants for the spine
were developed later in the century in an attempt to
improve the rate of fusion and hasten the recovery
of patients after surgery. Today, the population of
patients in whom surgeons use arthrodesis has
changed greatly.

About two thirds of adults have low back pain at
some time. Of the 65 million people in the United
States with low back pain, approximately 151,000
undergo fusion of the lumbar spine each year. The
traditional techniques used autologous bone to cre-
ate a spinal fusion. The osteogenic potential of the
donor bone and the prepared host site were relied
on to produce successful fusion. In this issue of the

 

Journal,

 

 Deyo et al. (pages 722–726) discuss spinal-
fusion surgery and call for caution in its use.

Current surgical technology permits the use
of surgical implants in the spine with the goals of
correcting deformity, managing pain, and improv-
ing arthrodesis through the immobilization of the
spine; it also allows osteoblastic activity to take place
in a fusion mass that leads to the formation of new
bony trabeculae. The use of pedicle-screw fixation,
with intervertebral fixation using plates or rods, is
relatively new and has already become common-
place. In addition, intervertebral cage devices have
been developed that can be inserted by means of ei-
ther an anterior or a posterior approach. The cage is
metallic and is filled with bone-graft material in or-
der to produce fusion between one vertebral body
and the next. The cage itself distracts the interverte-
bral space, helps to immobilize the segment so as
to promote fusion, and is perforated in order to al-
low the ingrowth of bone from the vertebral body
to the graft within the cage.

The anatomy of a degenerative, anterior, L5–
sacrum spondylolisthesis is shown in Figure 1. Neu-
ral decompression can be performed through a
laminectomy, and a cage can be placed in the pre-
pared intervertebral space for arthrodesis. With the
use of a posterolateral approach, pedicle screws

 

Spinal-Fusion Surgery — Advances and Concerns

 

Stephen J. Lipson, M.D.

 

Spinal-Fusion Surgery — Advances and Concerns

 

Figure 1. Degenerative Spondylolisthesis at L5–S1.

 

As shown in Panel A, the intervertebral disk has lost height and bulges out. In 
Panel B, an intervertebral cage has been placed to correct the loss of height. Ped-
icle screws have been placed through a metal plate and into L5 and the sacrum.
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Physical Therapies Role in 
Rehabilitation  
n Pre-op 
n Post-op 

¨ Inpatient 
¨ Out-patient 

n Has PT been shown to be beneficial? 
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n Conclusions: Inconclusive, very low-quality 
evidence exists for the effectiveness of 
physiotherapy management following lumbar 
spinal fusion. Best practice remains unclear. 
Limited comparability of outcomes and retrieval 
of only two trials reflect a lack of research in this 
area that requires urgent consideration.  

Physiotherapy rehabilitation following
lumbar spinal fusion: a systematic
review and meta-analysis of randomised
controlled trials

Alison Rushton,1 Gillian Eveleigh,1 Emma-Jane Petherick,2 Nicola Heneghan,1

Rosalie Bennett,1 Gill James,1 Chris Wright1

ABSTRACT
Objective: To evaluate the effectiveness of
physiotherapy intervention following lumbar spinal
fusion.
Design: Systematic review and meta-analysis. 2
independent reviewers searched information sources,
assessed studies for inclusion and evaluated risk of
bias. Quantitative synthesis using standardised mean
differences was conducted on comparable outcomes
across trials with similar interventions.
Information sources: Predefined terms were
employed to search electronic databases. Additional
studies were identified from key journals, reference
lists, authors and experts.
Eligibility criteria for included
studies: Randomised control trials published in
English prior to 30 September 2011 investigating
physiotherapy outpatient management of patients
(>16 years), following lumbar spinal fusion, with
measurements reported on one or more outcome of
disability, function and health were included.
Results: 2 Randomised control trials (188
participants) from two countries were included. Both
trials included a behavioural and an exercise
intervention. 1 trial was evaluated as high risk of bias
and one as unclear. 159 participants were
incorporated in the meta-analysis. Although evidence
from both trials suggested that intervention might
reduce back pain short term (6 months) and long
term (12 months and 2 years), and a behavioural
intervention might be more beneficial than an exercise
intervention, the pooled effects (0.72, 95% CI !0.25
to 1.69 at 6 months; 0.52, 95% CI !0.45 to 1.49 at
12 months and 0.75, 95% CI !0.46 to 1.96 at
2 years) did not demonstrate statistically significant
effects. There was no evidence that intervention
changes pain in the short (6 months) or long term
(12 months and 2 years). The wide CI for pooled
effects indicated that intervention could be potentially
beneficial or harmful. Considerable heterogeneity was
evident.
Conclusions: Inconclusive, very low-quality evidence
exists for the effectiveness of physiotherapy
management following lumbar spinal fusion. Best
practice remains unclear. Limited comparability of
outcomes and retrieval of only two trials reflect a lack

of research in this area that requires urgent
consideration.

INTRODUCTION
Rationale
In the UK National Health Service, surgery is
the greatest single component of expendi-
ture for managing low back pain, with
increasing numbers of lumbar fusions being
performed.1 More than 4036 operations were
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ARTICLE SUMMARY

Article focus
- Physiotherapy intervention is recommended

following lumbar spinal fusion.
- However, the most beneficial intervention and the

effectiveness of physiotherapy management are
unclear.

- The objective was to evaluate effectiveness of
physiotherapy intervention in patients following
lumbar spinal fusion on clinically relevant
outcomes, short and long term.

Key messages
- Inconclusive, very low-quality evidence exists for

the effectiveness of physiotherapy management
following lumbar spinal fusion.

- Best practice remains unclear.
- Limited comparability of outcomes and retrieval

of only two trials reflect a lack of research in this
area that requires urgent consideration.

Strengths and limitations of this study
- The strengths of this review are its focus to

physiotherapy intervention and it being the first
in this area; exploring the breadth of potential
physiotherapy interventions.

- The key limitation of this review is that
differences were evident in the content and
nature of interventions, selection of outcome
measures and timing of assessment points,
contributing to heterogeneity in treatment
effects.
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performed in 2009/2010,2 reflecting a 14% increase
from 2008/2009. The USA has also seen a well-docu-
mented increase in lumbar fusion surgery rates from
1990 to 2001 of 220%,3 4 with a corresponding 500%
increase in spending for lumbar fusion from 1992 to
2003.5 The increased rates are partially attributable to
advances in technology, including the Food and Drug
Administration approval of intervertebral cage implants
(1996) and pedicle screws (1998). Although overall
lumbar surgical rates in the USA reduced from 2002 to
2007, fusion rates increased from 1.3 to 10.9 per 100 000
patients.6 In 1992, lumbar fusion accounted for 14%
spending on back surgery in the USA, and by 2003, this
had increased to 47%.5 Additional contributions to this
increasing problem include more than 200 lumbar
fusion revision operations performed annually in the
UK,2 with a re-hospitalisation rate of 13% within 30 days
of surgery documented in the USA.6

The primary indication for lumbar fusion is pain (back
and/or leg pain) from joints with degenerative disease.
Lumbar fusion is thought to stabilise the spine and
reduce the need for further surgery.7 A Cochrane review
of spinal surgery for lumbar spondylosis due to degen-
erative causes1 identified trials of variable quality, with an
emphasis on surgical rather than patient outcomes, and
little information available regarding occupational or
long-term outcomes. The review concluded that there
were conflicting results for surgery.1 These findings were
confirmed by Sogaard et al8 who summarised the litera-
ture and also concluded that there are minimal data on
the reported success for patient outcome following
lumbar fusion. Data from the Swedish National Spine
Register reported that 25% patients reported no change
or worsened pain following lumbar fusion (back and/or
leg pain) and that at 12 months following surgery, 40%
of patients reported dissatisfaction regarding the
outcome of the surgery.9

Re-operation rates have recently become a focus of
investigation. Martin et al7 investigated the cumulative
incidence of second operation for degenerative condi-
tions in one USA state, finding that an increased
proportion of fusion operations and the technical
development of implants did not affect the rate of re-
operation. Indeed, surgery in the late 1990s was more
likely to be repeated than that in the early 1990s,
contributing to a ‘substantial’ likelihood of re-operation.10

The existing variability of evidence to evaluate efficacy
of lumbar fusion and some evidence of persisting symp-
toms and dissatisfaction following surgery highlights
the necessity for evidence of the effectiveness of post-
operative rehabilitation. Evidence for rehabilitation
following surgical intervention in low back pain is an area
of increasing interest, for example, post-discectomy.11 12

There is some debate in the literature regarding timing of
intervention post-lumbar fusion owing to concern over
the potential of early exercise to overload internal fixa-
tion. In view of this, Christensen et al13 commenced
rehabilitation after 3 months, although Rohlmann et al14

found no evidence of compromise of internal fixation
through exercises, except perhaps through walking as an
exercise.
There is no systematic review investigating effectiveness

of rehabilitation in a post-lumbar fusion population.
Although physiotherapy intervention is recommended
post-lumbar fusion, its effectiveness is unclear, with no
evaluation of existing trials through a systematic review.
Consequently, current practice and best physiotherapy
practice are unclear.

Objective
To investigate the short- and long-term effectiveness of
physiotherapy outpatient management following lumbar
spinal fusion in terms of disability, function and health15

in patients aged >16 years.

MATERIALS AND METHODS
A protocol following method guidelines by the Back
Review Group of the Cochrane Collaboration16 and
Cochrane handbook17 informed the conduct of
a systematic review, which is reported in line with the
PRISMA statement.18

Eligibility criteria
Studies
Randomised control trials that evaluated the effective-
ness of physiotherapy outpatient management of
patients following lumbar spinal fusion.

Participants
Patients who had undergone lumbar spinal fusion, with
no complications, aged >16 years.

Interventions
Any physiotherapy outpatient management intervention.

Outcome measures
Measurements reported on one or more outcome of
disability, function and health15 in the short term
(approximately 3e6 months post-surgery/intervention)
and/or long term (12e24 months).

Information sources
The search employed sensitive topic-based strategies
designed for each database (to 30 September 2011):
< The Cochrane Library: Controlled Trials Register,

Health Technology Assessment Database, NHS
Economic Evaluation Database.

< CINAHL, EMBASE, MEDLINE, PEDro, ZETOC
Databases.

< Selected Internet sites and Indexes: Turning Research
into Practice, Health Services/Technology Assess-
ment, PubMed.

< National Research Register, Current Controlled Trials
website (York).

< Cochrane Back Review Group.
< Hand searches key journals.

2 Rushton A, Eveleigh G, Petherick E-J, et al. BMJ Open 2012;2:e000829. doi:10.1136/bmjopen-2012-000829
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Questionnaire, Tampa Scale for Kinesiophobia, Coping
Strategies Questionnaire, Return to Work, work status
and back-related healthcare.

Risk of bias within studies
Good inter-reviewer agreement was achieved on risk of
bias (Cohen’s k 0.613, 95% CI 0.359 to 0.868).21 Of the
two included trials, one was evaluated overall as high risk
of bias13 and one as unclear33 (table 3). Risk of bias was,
therefore, considered in conjunction with other indica-
tors of study differences (comparability of interventions,
outcome measures and timings of assessments) to
determine any appropriate quantitative synthesis of the
trials.19 Interestingly, in the subsequent reporting of the
Christensen trial,8 32 the risk of bias was improved,
although, overall, it remained high (table 3). This
suggests that poor reporting contributed to the rating of
high risk of bias for multiple issues in the original trial
report.

Risk of bias across studies
Christensen et al13 had one high-risk component owing
to poor reporting affording a lack of clarity across all

components, no primary outcome being pre-specified,
no primary end point being pre-specified and no
intention-to-treat analysis reported. Both trials reported
losses to follow-up. However, in both trials, losses were
<20% and evaluated as acceptable.34 Interpretation of
results could be affected by the high proportion
of information from one trial identified as high risk of
bias.23

Results of individual trials and synthesis of results
Only trials evaluated as high or unclear risk of bias were
available for meta-analysis. Although the reasons for the
high-risk components provided concern for potential
bias, critical evaluation of results from meta-analyses
enabled an overview of the current evidence and
strength of effect to be presented, which permitted
tentative conclusions to be proposed to advance
research. Exploration of inter-trial compatibility of
outcomes and assessment points identified back pain as
the only possible comparison for exercise versus behav-
ioural interventions, at 6 months, 12 months and 2 years.
Reporting ‘mean change from baseline’ (SD)33 for back
pain intensity during the previous week on a 0e100 mm

Table 3 Summary assessment of the overall risk of bias for each trial

Trial (authors,
year, country)

Components of risk of bias/key
risk criteria Summary within

trial Comments on high-risk components1 2 3 4 5a 5b 6

Abbott et al
(2010)33

L L L L U U U Unclear (3)
Low (4)

Christensen et al
(2003)13

U U U U U U H High (1)
Unclear (6)

One high-risk component: 6
No primary outcome measure specified
No primary end point specified
No ITT reported
Poor reporting, lacking detail across
all components
Data analysis and reporting results unclear

Sogaard et al
(2006)32

U L L L U U H High (1)
Unclear (3)
Low (3)

One high-risk component: 6
No primary outcome measure specified
No primary end point specified
No ITT reported
Differences at baseline re gender

Sogaard et al
(2008)8

U L U L U U H High (1)
Unclear (4)
Low (2)

One high-risk component: 6
No primary outcome measure specified
No primary end point specified

Components of risk of bias/key risk criteria: 1, sequence generation; 2, allocation concealment; 3, blinding of participants, personnel and
outcome assessors; 4, incomplete outcome data; 5a, short-term selective outcome reporting; 5b, long-term selective outcome reporting; 6,
other potential threats to validity. Levels of risk of bias: H, high risk of bias; U, unclear risk of bias; L, low risk of bias. Summary WITHIN a study:
L, low risk of bias for all key risk criteria; U, unclear risk of bias for one or more key risk criteria; H, high risk of bias for one or more key
risk criteria.
ITT, intention-to-treat.

Figure 2 Back pain at 6-month
short term.
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Visual Analogue Scale was evaluated as a comparable
outcome to reporting median (range)13 for ‘mean back
pain intensity’ within the previous 14 days on a 0e10
scale as part of the Low Back Pain Rating Scale.
At 6 months, the evidence from one trial13 suggested

that intervention might reduce back pain, with a behav-
ioural intervention being beneficial compared with an
exercise intervention (figure 2). The pooled random
effects (0.72, 95% CI !0.25 to 1.69) did not support
evidence of an effect at 6-month short term.
At 12 months, the evidence from one trial13 suggested

that intervention might reduce pain, with a behavioural
intervention being beneficial compared with an exercise
intervention (figure 3). The pooled random effects
(0.52, 95% CI !0.45 to 1.49) did not support evidence of
an effect at 12-month long term.
At 2 years, the evidence from one trial13 suggested that

intervention might reduce pain, with a behavioural
intervention being beneficial compared with an exercise
intervention (figure 4). The pooled random effects
(0.75, 95% CI !0.46 to 1.96) did not support evidence of
an effect at 2-year long term. Overall, there was no
evidence that intervention changes pain in the shorter
(6 months) or long term (12 months or 2 years).

Additional analyses
The wide CIs for pooled effects indicated intervention
could be potentially beneficial or harmful. No evidence
from supportive analyses conflicted with the primary
analyses.

DISCUSSION
Summary of evidence
Evidence was assessed from two randomised controlled
trials (188 participants) conducted across two countries
focused to lumbar fusion as a consequence of predom-
inantly degenerative causes. Both trials included indi-
vidualised 1:1 management and one trial13 included
group management. Interventions were grouped into
exercise versus behavioural comparisons. One trial was

evaluated as high risk of bias and one as unclear. There
were multiple issues contributing to the high risk of bias
for Christensen et al13 The number of issues did lessen in
subsequent reporting of the Christensen trial,8 32

suggesting that trial reporting was problematic. One
hundred and fifty-nine participants from the two trials
were included in the meta-analyses. The only compa-
rable outcome across the trials was back pain in the short
(6 months) and long terms (12 months and 2 years).
There was, consequently, limited comparability of
outcomes to evaluate the potential benefits of physio-
therapy intervention. No patients >65 years were
included in either of the two trials. This is problematic
with a documented increase in patients undergoing
lumbar spinal fusion from 2000/2001 to 2009/2010 in
patients in the UK aged 60e74 years of 14%e22% and
aged 75+ years of 2%e6%.2

Results from the trial by Abbott et al,33 which was rated
as unclear risk of bias, indicated no statistically signifi-
cant difference across groups (n¼54, n¼53) with regard
to pain, in the short or long term. Although findings
from Christensen et al13 indicated a statistically signifi-
cant benefit of behavioural intervention reducing pain
in the short and longer term, there were multiple issues
contributing to the high risk of bias for this trial and low
numbers of participants (n¼29, n¼26 and n¼26 in the
three groups). It is noted that for Christensen et al,13 the
95% CIs were positioned completely within the ‘favours’
behavioural intervention, illustrating some conflict
within the pooled evidence from the two trials. Also of
note were the narrower CIs for Abbott et al33 reflecting
the much larger sample size in that trial. The pooled
random effects of results from the two trials provided no
supporting evidence of an effect. Overall, there was no
evidence that physiotherapy management changes back
pain.
The strengths of this review are its focus to physio-

therapy intervention and it being the first in this area,
exploring the breadth of potential physiotherapy inter-
ventions. It is, therefore, not possible to compare the

Figure 3 Back pain at 12-month
long term.

Figure 4 Back pain at 2-year
long term.
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6 Months BACK PAIN at 

Visual Analogue Scale was evaluated as a comparable
outcome to reporting median (range)13 for ‘mean back
pain intensity’ within the previous 14 days on a 0e10
scale as part of the Low Back Pain Rating Scale.
At 6 months, the evidence from one trial13 suggested

that intervention might reduce back pain, with a behav-
ioural intervention being beneficial compared with an
exercise intervention (figure 2). The pooled random
effects (0.72, 95% CI !0.25 to 1.69) did not support
evidence of an effect at 6-month short term.
At 12 months, the evidence from one trial13 suggested

that intervention might reduce pain, with a behavioural
intervention being beneficial compared with an exercise
intervention (figure 3). The pooled random effects
(0.52, 95% CI !0.45 to 1.49) did not support evidence of
an effect at 12-month long term.
At 2 years, the evidence from one trial13 suggested that

intervention might reduce pain, with a behavioural
intervention being beneficial compared with an exercise
intervention (figure 4). The pooled random effects
(0.75, 95% CI !0.46 to 1.96) did not support evidence of
an effect at 2-year long term. Overall, there was no
evidence that intervention changes pain in the shorter
(6 months) or long term (12 months or 2 years).

Additional analyses
The wide CIs for pooled effects indicated intervention
could be potentially beneficial or harmful. No evidence
from supportive analyses conflicted with the primary
analyses.

DISCUSSION
Summary of evidence
Evidence was assessed from two randomised controlled
trials (188 participants) conducted across two countries
focused to lumbar fusion as a consequence of predom-
inantly degenerative causes. Both trials included indi-
vidualised 1:1 management and one trial13 included
group management. Interventions were grouped into
exercise versus behavioural comparisons. One trial was

evaluated as high risk of bias and one as unclear. There
were multiple issues contributing to the high risk of bias
for Christensen et al13 The number of issues did lessen in
subsequent reporting of the Christensen trial,8 32

suggesting that trial reporting was problematic. One
hundred and fifty-nine participants from the two trials
were included in the meta-analyses. The only compa-
rable outcome across the trials was back pain in the short
(6 months) and long terms (12 months and 2 years).
There was, consequently, limited comparability of
outcomes to evaluate the potential benefits of physio-
therapy intervention. No patients >65 years were
included in either of the two trials. This is problematic
with a documented increase in patients undergoing
lumbar spinal fusion from 2000/2001 to 2009/2010 in
patients in the UK aged 60e74 years of 14%e22% and
aged 75+ years of 2%e6%.2

Results from the trial by Abbott et al,33 which was rated
as unclear risk of bias, indicated no statistically signifi-
cant difference across groups (n¼54, n¼53) with regard
to pain, in the short or long term. Although findings
from Christensen et al13 indicated a statistically signifi-
cant benefit of behavioural intervention reducing pain
in the short and longer term, there were multiple issues
contributing to the high risk of bias for this trial and low
numbers of participants (n¼29, n¼26 and n¼26 in the
three groups). It is noted that for Christensen et al,13 the
95% CIs were positioned completely within the ‘favours’
behavioural intervention, illustrating some conflict
within the pooled evidence from the two trials. Also of
note were the narrower CIs for Abbott et al33 reflecting
the much larger sample size in that trial. The pooled
random effects of results from the two trials provided no
supporting evidence of an effect. Overall, there was no
evidence that physiotherapy management changes back
pain.
The strengths of this review are its focus to physio-

therapy intervention and it being the first in this area,
exploring the breadth of potential physiotherapy inter-
ventions. It is, therefore, not possible to compare the

Figure 3 Back pain at 12-month
long term.

Figure 4 Back pain at 2-year
long term.
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2 Years 

•  Evidence suggested that intervention might 
reduce back pain both short/ long term.  

•  Behavioral intervention may be more beneficial 
than an exercise intervention.  

BACK PAIN at Evidence-Based Medicine 

“The integration of best research evidence with clinical expertise and patient values.” 
 
(Sackett et al, 2000) 

Evidence Based Practice? 

n Due to complexity of these patients the 
medical team must utilize their clinical 
experience and a patient’s values to 
maximize outcomes.  

n  It appears that behavioral intervention may 
be beneficial. How do I incorporate this? 

What is behavioral intervention? 
n Back-Café (Christensen 2003)  
n Psychomotor Therapy (Abbott 2010) 

n Cognitive-Behavioral (Monticone 2014) 

n Therapeutic Neuroscience Education (Louw 
2011)                     

¨ Neurophysiology of pain education 
¨ Pain physiology education 
¨ Pain biology education 
¨ Pain neurophysiology education  
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Cognitive Behavioral Therapy 

n Activity pacing  
n Attention diversion  
n Cognitive restructuring  
n Goal setting  
n Graded exposure  
n Maintenance strategies 
n Problem-solving strategies  

Therapeutic Neuroscience 
Education 
n Altering patients’ beliefs to alter their pain 

experiences.  
n Patient’s want answers 

¨ What is wrong with me? 
¨ How long will it take? 
¨ What can I do for it? 
¨ What can you do for it? 

What do patients want to know? 

n Patients in pain want to know more about 
pain, not anatomy. 
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are placed bilaterally in the lumbar and sacral ver-
tebrae. The screw connectors lie just dorsal to the
transverse processes that arise from the pedicles.
The transverse processes are decorticated on their
dorsal aspect with the use of gouges, curettes, or
power burs, as shown in Figure 2. Once decortica-
tion is complete and the screws have been placed, a
bone graft is placed between one transverse process
and the next. The intervertebral connecting rod or
plate is then placed as shown in Figure 2B, and the
wound is closed. The use of such surgical instru-
mentation always carries some risk of technical
complications, increased operative time, greater
blood loss, and higher costs.

In order to achieve a successful arthrodesis, it is
traditional to use an autologous bone graft, usually
from the iliac crest, because of its substantial os-
teogenic activity. The goal is to produce a solid fu-
sion mass connecting one vertebra to another. Bone-
graft donor sites can be a source of pain, infection,
and additional blood loss, and removing the bone
takes extra time during surgery. Therefore, substi-
tutes for autologous grafts have recently been de-
veloped. Successful fusion is biologically dependent

on osteogenesis, which requires the stimulation
of osteoblasts to produce bone tissue (osteoinduc-
tion) and to cause the growth of bony trabeculae
(osteoconduction).

Recently introduced substitutes for autologous
bone grafts include frozen or freeze-dried allografts
from cadaveric sources. These materials have less
osteoinductive potential, but they do retain their os-
teoconductive property, permitting the growth of
bony trabeculae. Bone allografts do not tend to be
rejected, but there is some risk of the transmission
of infection, including human immunodeficiency
virus infection. Other materials being used as bone-
graft substitutes include hydroxyapatite, tricalcium
phosphate, and collagen sponges with bone mor-
phogenic protein. These substitutes are currently
available and are being used in clinical series. The
advances in spinal-fusion surgery are exciting, but
they continue to provoke questions about the ap-
propriate clinical place for this complex surgery.

 

From the Department of Orthopedic Surgery, Harvard Medical
School, Beth Israel Deaconess Medical Center, and Harvard Van-
guard Medical Associates, Boston.

 

Spinal-Fusion Surgery — Advances and Concerns

 

Figure 2. Creation of an Instrumented Surgical Fusion of L5 and S1.

 

An intervertebral cage is in place between the decorticated endplates of L5 and S1. The L5 transverse process and the sacral alae have been 
decorticated, with one bone graft in place on the left (Panel A). An L5 laminectomy allows for decompression and cage placement. In Panel B, 
spine plates and bone graft have been placed to produce the fusion between L5 and the sacrum.
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Does TNE work? 
n For chronic MSK disorders there is 

compelling evidence that an educational 
strategy addressing the neurophysiology 
and neurobiology of pain can have a 
positive effect on pain, disability, 
catastrophizing, and physical 
performance. 

SYSTEMATIC REVIEW

The Effect of Neuroscience Education on Pain, Disability,
Anxiety, and Stress in Chronic Musculoskeletal Pain
Adriaan Louw, PT, MAppSc, Ina Diener, PT, PhD, David S. Butler, PT, EdD, Emilio J. Puentedura, PT, DPT

ABSTRACT. Louw A, Diener I, Butler DS, Puentedura EJ.
The effect of neuroscience education on pain, disability, anx-
iety, and stress in chronic musculoskeletal pain. Arch Phys
Med Rehabil 2011;92:2041-56.

Objective: To evaluate the evidence for the effectiveness of
neuroscience education (NE) for pain, disability, anxiety, and
stress in chronic musculoskeletal (MSK) pain.

Data Sources: Systematic searches were conducted on
Biomed Central, BMJ.com, CINAHL, the Cochrane Library,
NLM Central Gateway, OVID, ProQuest (Digital Disserta-
tions), PsycInfo, PubMed/Medline, ScienceDirect, and Web of
Science. Secondary searching (PEARLing) was undertaken,
whereby reference lists of the selected articles were reviewed
for additional references not identified in the primary search.

Study Selection: All experimental studies including random-
ized controlled trials (RCTs), nonrandomized clinical trials,
and case series evaluating the effect of NE on pain, disability,
anxiety, and stress for chronic MSK pain were considered for
inclusion. Additional limitations: studies published in English,
published within the last 10 years, and patients older than 18
years. No limitations were set on specific outcome measures of
pain, disability, anxiety, and stress.

Data Extraction: Data were extracted using the participants,
interventions, comparison, and outcomes (PICO) approach.

Data Synthesis: Methodological quality was assessed by 2
reviewers using the Critical Review Form–Quantitative Stud-
ies. This review includes 8 studies comprising 6 high-quality
RCTs, 1 pseudo-RCT, and 1 comparative study involving 401
subjects. Most articles were of good quality, with no studies
rated as poor or fair. Heterogeneity across the studies with
respect to participants, interventions evaluated, and outcome
measures used prevented meta-analyses. Narrative synthesis of
results, based on effect size, established compelling evidence
that NE may be effective in reducing pain ratings, increasing
function, addressing catastrophization, and improving move-
ment in chronic MSK pain.

Conclusions: For chronic MSK pain disorders, there is
compelling evidence that an educational strategy addressing
neurophysiology and neurobiology of pain can have a pos-
itive effect on pain, disability, catastrophization, and phys-
ical performance.

Key Words: Education; Musculoskeletal System; Neuro-
physiology; Neurosciences; Pain; Rehabilitation.

© 2011 by the American Congress of Rehabilitation
Medicine

PAIN IS A POWERFUL motivating force that guides treat-
ment-seeking behaviors in patients.1-3 Patient education

has long been explored in the management of pain, anxiety, and
stress associated with low back pain (LBP).4-7 In the orthopedic
domain, there are a number of studies on the effect of patient
education on pain, with outcomes ranging from “excellent”8 to
“poor.”9,10 The study by Udermann et al8 demonstrated that
introduction of an individualized educational booklet on back
biomechanics can result in decreased pain and frequency of
LBP episodes in patients with chronic LBP (CLBP). In contrast
to those findings, 2 systematic reviews9,10 on the effect of
individualized and/or group education for LBP and mechanical
neck pain showed little efficacy for such education.

Most education programs for orthopedic patient populations
have used anatomic and biomechanical models for addressing
pain,4,11-14 which not only have shown limited effi-
cacy,4,11,12,15,16 but may even have increased patient fears,
anxiety, and stress, thus negatively impacting their out-
comes.11,17-19 Several educational strategies are advocated for
patients with LBP, including biomechanical/back school type
of education, evidence-based guideline education (ie, The Back
Book20), cognitive behavioral therapy, and recently, neurosci-
ence education (NE).

NE can be best described as an educational session or
sessions describing the neurobiology and neurophysiology of
pain, and pain processing by the nervous system. Instead of a
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BPPT brachial plexus provocation test
CFS chronic fatigue syndrome
CLBP chronic low back pain
CONSORT Consolidated Standards of Reporting Trials
LBP low back pain
MSK musculoskeletal
NE neuroscience education
NPRS numeric pain rating scale
PCI Pain Coping Inventory
PCS Pain Catastrophization Scale
PICO participants, interventions, comparison,

outcomes
PPT pressure pain threshold
PSEQ Pain Self-Efficacy Questionnaire
RCT randomized controlled trial
RMDQ Roland Morris Disability Questionnaire
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SOPA(R) Survey of Pain Attitudes (Revised)
TSK Tampa Scale of Kinesiophobia
VAS visual analog scale
WAD whiplash-associated disorders
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behaviour (Gray, 1987). Thus, 
whether we feel pain or  not is 
very variable and largely a 
product of the circumstances of 
the injury as assessed by our 
brain (eg see Beecher, 1946; 
Blank, 1994; Melzack et al, 1982). 

Acute adaptive pain signals 
threat. Its major purpose, in 
parallel with the biologically 
linked emotional reactions like Output = 
fear and anger, is to motivate and Altered behaviour 
bring about an alteration in our Altered physiology 
behaviour in order to further our 
chances of recovery and survival 
(MacLean, 1990; Wall, 1979). 
Thus, acute pain from injury and 
the classic instantaneous behav- 
iour patterns that are found 
across all cultures may be viewed 
as being ‘adaptive’, biologically 
Well ingrained in our Systems, Fig 3: Injury and the mature organism model, showing the brain sampling itself and 
and hence difficult t o  modify d how the contents of our brains that represent such attributes as experience, beliefs 
consciously. Later on, pain helps 
us to  be become physically vigi- 

others, and our general 

lant and avoid use of the injured 
part, our whimpering and 
distress attracts support from 

demeanour demands care and 

r ----==I Brain samples itself .... 
* Past experiences 
* Knowledge 
* Beliefs 
* Culture 
* Past successful behaviours 
* Past successful behaviours 

observed in others 
/,,,/5= d= 

\* 
\ 

and culture will influence the output system activity 

Pain perception plus ALTERED THOUGHTS = COGNITIVE DIMENSION 
Pain perception plus ALTERED FEELINGS = AFFECTIVE DIMENSION 

experience 

respect from anyone venturing n 
V too close without undue care @!alters, 1994). Pain adaptively [TIA// Further 

drives recuperative behaviour 
(Wall, 1979): 4 F2E-a 

output = Figure 3 adds another component 
to the model that introduces the 
possibility of a degree of flexi- 
bility of response. The brain 
samples itself before creating a 
behaviour. For example, it  
samples relevant past experi- 
ence, knowledge and beliefs and 
mixes this in with its appraisal of 
the current situation. This Fig 4: Injury and mature organism model: As a result of tissue sampling, environ- 
sampling includes knowledge of ment sampling and self sampling, the brainlCNS produces appropriate thoughts 
past successful behaviours in and feelings. These perceptual ‘outputs’ of the brain give value to the injury 

experience and hence further influence the activity of the physiological and behav- 
similar situations, as well as iourally related output systems involved in survival and recovery 
successful behaviours related to 
us or observed in others. Adventure stories and 
the rather sickening desire many people have to 
investigate accidents or read about other people’s 
mishaps may well have great survival advan- 
tages! What people store in their brains’ filing 
cabinets of experience is a reflection of the culture 
and society in which they were raised, and their 
relative age and life experiences. A mature 
organism has a large number of behavioural 

Altered 
Altered physiology 

\ ?  
‘.. 

\ 

strategies to choose from. I t  is worth reflecting 
that as a result of the great variety of options 
provided by modern complex societies the more 
difficult it  becomes for individuals to  make a 
secure choice - doubt promotes anxiety. The 
message is that along with the powerful effects 
resulting from the inputs being sampled and 
reflexly scrutinised from the damaged tissues, our 
current thoughts and feelings about the situa- 

Physiotherapy, January 1998, vol84, no 1 

Gifford, L.S., Pain, the tissues and the nervous system. 
Physiotherapy, 1998. 84: p. 27-33. 

Key Contents of TNE 

n  Neurophysiology of 
pain 

n  Nociception and 
nociceptive pathways 

n  Neurons 
n  Synapses 
n  Action potential 
 

n  Spinal inhibition and 
facilitation 

n  Peripheral 
sensitization 

n  Central sensitization 
n  Plasticity of the 

nervous system 
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TNE Does Not Include! 

n  Anatomical or 
pathoanatomical 
models 

n  Discussion of 
emotional/behavioral 
aspects of pain 
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Spinal arthrodesis (the creation of a fusion) was de-
veloped for the treatment of instability and defor-
mity due to tuberculosis, scoliosis, and traumatic
injury. Modern spinal surgery was helped by the in-

troduction in 1911 of the tibial graft by Albee and
the iliac-crest graft by Hibbs. These techniques re-
quired prolonged postoperative bed rest and the use
of braces and casts for immobilization, and their
use was complicated by a rate of pseudarthrosis of
at least 20 percent. Surgical implants for the spine
were developed later in the century in an attempt to
improve the rate of fusion and hasten the recovery
of patients after surgery. Today, the population of
patients in whom surgeons use arthrodesis has
changed greatly.

About two thirds of adults have low back pain at
some time. Of the 65 million people in the United
States with low back pain, approximately 151,000
undergo fusion of the lumbar spine each year. The
traditional techniques used autologous bone to cre-
ate a spinal fusion. The osteogenic potential of the
donor bone and the prepared host site were relied
on to produce successful fusion. In this issue of the

 

Journal,

 

 Deyo et al. (pages 722–726) discuss spinal-
fusion surgery and call for caution in its use.

Current surgical technology permits the use
of surgical implants in the spine with the goals of
correcting deformity, managing pain, and improv-
ing arthrodesis through the immobilization of the
spine; it also allows osteoblastic activity to take place
in a fusion mass that leads to the formation of new
bony trabeculae. The use of pedicle-screw fixation,
with intervertebral fixation using plates or rods, is
relatively new and has already become common-
place. In addition, intervertebral cage devices have
been developed that can be inserted by means of ei-
ther an anterior or a posterior approach. The cage is
metallic and is filled with bone-graft material in or-
der to produce fusion between one vertebral body
and the next. The cage itself distracts the interverte-
bral space, helps to immobilize the segment so as
to promote fusion, and is perforated in order to al-
low the ingrowth of bone from the vertebral body
to the graft within the cage.

The anatomy of a degenerative, anterior, L5–
sacrum spondylolisthesis is shown in Figure 1. Neu-
ral decompression can be performed through a
laminectomy, and a cage can be placed in the pre-
pared intervertebral space for arthrodesis. With the
use of a posterolateral approach, pedicle screws

 

Spinal-Fusion Surgery — Advances and Concerns

 

Stephen J. Lipson, M.D.

 

Spinal-Fusion Surgery — Advances and Concerns

 

Figure 1. Degenerative Spondylolisthesis at L5–S1.

 

As shown in Panel A, the intervertebral disk has lost height and bulges out. In 
Panel B, an intervertebral cage has been placed to correct the loss of height. Ped-
icle screws have been placed through a metal plate and into L5 and the sacrum.
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How to Provide TNE 
n One-on-one sessions 
n Provide homework 
n Answer questions and progress  
n Assess patients understanding 

¨ The Pain Neurophysiology Questionnaire 
(PNQ)  

n This educational approach should include 
physical movement especially aerobic 
exercise.  

Educational Tools 

n Prepared pictures 
n Metaphors 
n Hand drawings 
n Workbook with reading/Q&A 
n YouTube videos 
n Pain neurophysiology questionnaire 
 

Nerves 

n  Like an alarm system 
n Alerts brain of possible danger 
n Once danger is removed normally alarm 

system will calm back down 
n  In 1 out of 4 patients the  
alarm system stays  
extra sensitive 

Nerves and your back 

n Once nerves become sensitive it takes 
less activity to cause nerves to fire off 
danger messages to brain. 

n Key for you to understand is that pain may 
not be only due to original surgery/back 
pain, but the increased sensitivity of the 
nerves in the region. 

How to Calm Nerves Down 

n Knowledge 
n Movement 
n Medication 

n  Safe but sore 
¨ Typically alarm system 

will turn down 
gradually over time 

¨ Recovery will have ups 
and down 

¨ Flare ups are expected 
not due to harm but 
sensitivity  
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The Pain Neurophysiology 
Questionnaire (PNQ)(Moseley 2003) 

n  19 questions  
n  Test patient  
n  Use questions to 

guide education 

Pain Neurophysiology Questionnaire(Moseley 2003) 
 

Questions True False 
1 When part of your body is injured, special pain receptors convey the pain 

message to your brain. 
  

2 Pain only occurs when you are injured.   

3 The timing and intensity of pain matches the timing and number of signals in 
danger messages. 

  

4 Nerves have to connect a body part to the brain in order for that part to be in 
pain. 

  

5 In chronic pain, the central nervous system becomes more sensitive to 
danger messages from tissues. 

  

6 The body tells the brain when it is in pain.   

7 The brain can sends messages down your spinal cord that can increase the 
danger messages going up the spinal cord. 

  

8 Nerves can adapt by increasing their resting level of excitement.   

9 Chronic pain means an injury hasn’t  healed  properly.   

10 Receptors on nerves work by opening ion channels (sensors) in the wall of 
the nerve. 

  

11 The brain decides when you will experience pain.   

12 Worse injuries always result in worse pain.   

13 When you are injured, the environment that you are in will not have an effect 
on the amount of pain that you experience. 

  

14 It is possible to have pain and not know about it.   

15 Nerves can adapt by making more ion channels (sensors).   

16 Second order messenger nerves post-synaptic membrane potential 
(excitement) is dependent on descending modulation. 

  

17 Nerves adapt by making ion channels (sensors) stay open longer.   

18 When you are injured, chemicals in your tissue can make nerves more 
sensitive. 

  

19 In chronic pain, chemicals associated with stress can directly activate 
danger messenger nerves. 

  

 

Moseley, G. L. (2003). "Unravelling the barriers to reconceptualisation of the problem in chronic pain: 
the actual and perceived ability of patients and health professionals to understand the 
neurophysiology." J Pain4(4): 184-189. 

 

1.) WHEN PART OF YOUR 
BODY IS INJURED, SPECIAL 
PAIN RECEPTORS CONVEY 
THE PAIN MESSAGE TO YOUR 
BRAIN.  
 

Tissues only send DANGER 
messages 
n Eyes: Contain light receptors; not vision 
n Ears: Contain vibration receptors; not 

hearing 
n Tissues: Contain nociceptive receptors; 

not pain 
n Tissues: Contain danger receptors; not 

pain 

11.) THE BRAIN DECIDES 
WHEN YOU WILL EXPERIENCE 
PAIN.  

Example 
n Ankle vs. Bus 

How to include TNE in Tx 

n Perform along with or during other 
treatments 

n Neuromuscular re-education 
n Use images, books, drawings, internet. 
n Not all patients need TNE 

¨ Central sensitization 
¨ Failed other treatments 

n Use outcome measures to assess 
progress 
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Knowledge is Power 

n TNE 
n Post Operative precautions 
n Safe exercise program 

n Re-assure patient to decrease FEARS 

When does PT start? 

n  Typically immediately in hospital 
¨ Teach Post Operative Precautions  

n  B - Bending 
n  L - Lifting often 5-10 lbs first 6 weeks 
n  T – Twisting 

¨ Gait/Transfer training 
¨ Educate to reduce patient fear 

Key Concerns with Rehabilitation 

n What are risks and benefits associated 
with physical therapy? 

 
n Patient and therapist’s fear of exercise 

causing harm 
¨ Communication with surgeon 
¨ Understanding surgery 
¨ Understanding stress on spine with exercise 

How much stress do common 
physical therapy exercises place 
on hardware? can occur more than half a year after surgery and

indicates that screw breakage does not prove that
fusion has not occurred. Even after fracture heal-
ing, the implants may be highly loaded. Therefore,
pedicle screw breakage has nothing to do with bony
fusion or pseudarthrosis.

• that bending moments in the fixation devices are
small when the patients are lying. The measured
median values, related to that for standing, were
26% for the supine position, 32% for the prone
position, and 34% for the side-lying position.12,16

• that bending moments in the fixation devices are
on average for sitting relaxed only 87% of the
corresponding value for standing.12,16

• that sitting erect and actively straightening the
back, as taught in some back schools, causes bend-
ing moments about as high as in standing
(101%).16

• that the type of seats (stool, physical therapy ball,
knee stool), as well as a padded wedge, has a
negligible effect on the fixation device loads.16

• that walking causes the highest bending moments
in the fixation devices from all activities performed
regularly. On average, the bending moment during
walking is about 128% of that for standing.16 The
walking speed has only a minor influence on the
fixation device loads.11

• that fixation device loads are similar to those in a
lying position for exercises where the spine does
not have to carry the weight above but below a
certain level, as during hanging with the hands on
wall bars, balancing the body on parallel bars with
the legs in a vertical direction, or hanging on the
feet with the head upside down.16,17 The pull of the
partial body weight below the fixation devices is, in
these cases, obviously compensated for by muscle
forces.

• that carrying a load has only a slight effect on the
bending moments in the fixation devices.13

• that there is good agreement between intradiskal
pressure and bending moments in the fixation
devices for most activities when the results are
related to the corresponding values for standing.16

There is no biomechanical reason that pressure
should be higher for sitting than for standing.
Stadiometric studies showed that the pressure must
be lower for sitting than for standing.

• that a brace or harness does not reduce implant
loads.18

The aim of this article is to describe the loads acting on
an internal spinal fixation device during selected move-
ments in different body positions, including lying, sit-
ting, standing, and kneeling on hands and knees.

Material and Methods
A bisegmental internal spinal fixation device19 was mod-
ified (Fig. 1). Six load sensors, a telemetric unit, and a
coil for the inductive power supply were integrated in
the longitudinal rod of the device. The instrumented
implant allowed the measurement of 3 force and 3
moment components acting in the implant. For the
measurements, a flat coil and a small wire antenna were
placed on the patients’ backs. During each measure-
ment session, the patients were videotaped and the
load-dependent signals of the 2 telemetries were stored
on the same videotape. The signals could be read online
or from the videotape by a computer where the forces
and moments were calculated and shown on a monitor.
Details of the telemeterized implant, the measuring
equipment, and the accuracy of the measuring implant
are given elsewhere.20,21 Calibration constants were
checked in the laboratory after implant removal. They
had not changed while the fixation devices were in
place.

Figure 1.
Instrumented internal spinal fixation devices mounted on a plastic spine.
On the right side a cut model of the telemeterized implant is shown.
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Modified fixation devices were implanted in 10 patients
(4 male and 6 female). The Table provides data on the
patients and the surgical procedures. The average age
was 51 years (range!34–72). Three patients evidenced a
degenerative instability with spinal stenosis at 2 adjacent
levels, and 7 patients had a fractured vertebral body. The
level of the bridged vertebra varied between T11 and L4.
Anterior interbody fusion using iliac crest bone grafts
was performed in a second session, normally 2 to 4 weeks
after insertion of the devices. Instrumented fixation
devices were removed an average of 12 months
(range!3–21) after implantation.

The Ethics Committee of the Free University of Berlin
approved clinical implantation of the modified fixation
devices in up to 10 patients. Prior to surgery, the
procedure was explained to the patients, and they gave
their written consent to implantation of instrumented
internal fixation devices and subsequent load
measurements.

The implant loads were measured 1 to 3 times a week
during hospitalization and about once a month thereaf-
ter. The number of measuring sessions per patient
varied between 13 and 25. When possible, fixation device
loads for some common body positions and activities
were measured during all measurement sessions. These
included lying in different positions (ie, supine, prone,
and side-lying), sitting, standing, walking, lifting an
extended leg and lifting the pelvis in a supine position,
abduction of a leg, lifting of only the knees and of only

the feet while lying in a side-lying position, bending of the
upper body in different directions, and rotation of the
upper body while sitting and standing. However, for some
exercises (eg, flexing the back so that it was concave on the
ventral side and extending the back so that it was concave
on the dorsal side while kneeling on hands and knees),
fixation device loads were measured in only a few patients.
We did not specify how an exercise had to be performed
because we were interested in the interindividual variation
of fixation device loads for an exercise.

The average resultant peak bending moment in each
fixation device for both sides was determined for the
different activities and related to the corresponding
value for standing. For the different activities, the
median and 25th and 75th percentiles were calculated
from the averages of all patients. The bending moments
were related to the corresponding value for standing in
order to compare the loads for different exercises mea-
sured in several patients and to estimate the risk of a
certain activity for screw breakage. Patients are normally
allowed to stand shortly (ie, 3–4 days) after surgery. The
intraindividual variation of the bending moment in the
implant for standing was small, but the interindividual
variation was large (range!0.7–6.9 N!m). In none of the
patients studied were the bending moments for standing
higher than the strength of the implant guaranteed by
the manufacturer (7.5 N!m in a dynamic test over 5
million loading cycles). The design strength is therefore
110% of the maximum bending load observed in
patients for standing. Activities that cause loads below
this level are therefore not likely to increase the risk of
pedicle screw breakage.

The bending moment in the implant for standing is, in
most patients, much lower than 6.9 N!m. In these
patients, the implant will never break. It was important
to show that bending moments in the implants are in the
region of the fatigue strength only during a few move-
ments, such as walking and ventral flexion and extension
of the upper body. The implants are most frequently
loaded during walking. Therefore, walking is the exer-
cise that causes the highest risk for pedicle screw break-
age. The kind of surgery performed has an influence on
maximum implant load. When the bridged region is
distracted, patients should avoid ventral flexion and
extension of the upper body. When the implant stress
caused by the load during walking is higher than the
fatigue strength, it is unlikely that screw breakage can be
prevented.

Results
The average bending moment in a fixation device while
standing was set at 100% for comparing other exercises
with standing for each patient. The mean of the average
bending moment of all patients for standing was 3.6 N!m

Figure 2.
Average relative bending moments in the fixation devices from 10
patients for some movements while in lying positions. The values are
related to the corresponding value for standing, which was set to 100%.
The median and 25th and 75th percentiles are shown. SP!supine
position, PP!prone position, SLP!side-lying position.
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moments in the devices than the corresponding activi-
ties while sitting. Elevation of an extended arm while
standing increased the bending moment in the devices
to 110%.

Bending Moments While Kneeling on Hands and Knees
Kneeling on hands and knees (9 patients) caused a
bending moment of 69% (Fig. 5). Flexing the spine in
this position (3 patients) increased the peak value to
97%, whereas extending the spine (4 patients) caused a
peak bending moment in the fixation devices of 80%.
Cranially outstretching the right arm (extending the
arm cranially until it was horizontal) while kneeling on
hands and knees or outstretching the right leg (9
patients) increased the bending moment to 100%. Out-
stretching the right arm and the left leg while kneeling
on hands and knees (9 patients) led to a peak bending
moment of 106%.

Other Activities
Turning from a supine to a side-lying position caused
bending moments of 110%, and turning from a lateral to
a prone position led to bending moments of 103%.
There were great differences between individuals
because no advice was given directly before performing
the motion.

Discussion and Conclusions
Patients exhibited a large range of bending moments on
their internal spinal fixation device. Indications for
surgery, bridged vertebral level, and surgical procedure
varied in these patients. These factors have an effect on
the loads taken by the implant. Another reason for the
large range of bending moments found for an exercise is

that we did not specify how the exercise had to be
performed. Methods of exercise performed by the
patients varied. We did not measure, for example, the
flexion angle of the upper body or the abduction angle
of the leg with the patients in a side-lying position. These
values differed from patient to patient, and this is one
reason for the variation in implant loads. However, for
several exercises, the load changes in the fixation devices
occurred mainly during the first half of the exercise, and
they were small afterward. Most of the activities studied
were performed by all 10 patients, and many of the
activities were performed during each measurement
session. Normally, the patients repeated an exercise
several times during a session. For some exercises, the
results of several hundred trials were used to determine
median loads. During some measurement sessions,
patients had wound pain or had different muscle
strength (compared with shortly after surgery when the
patients felt weak and could not exercise a lot), which
led to lower bending moments in the devices and
expanded the range of fixation device loads for an
exercise.

For the different exercises, average relative bending
moments in the fixation devices measured in the
patients were used to calculate the median value and
25th and 75th percentiles. The total range of fixation
device load for an exercise may be much higher because
intraindividual variations were not taken into account.
Additionally, the bending moment for standing varied
greatly from patient to patient. A relative load increase
of 20% may be negligible when the absolute value for
standing is low. In another patient with a high absolute
value for standing, it may increase the risk of a poor
surgical outcome.

Fractures of pedicle screws are nearly always fatigue
fractures. The highest loads on the fixation devices were
measured for walking. This exercise is normally per-
formed very often and therefore leads to a great number
of loading cycles. Thus, we believe walking is the loading
that plays the major role concerning pedicle screw
breakage. Implant loads of 110% or less of that value for
standing are below the fatigue strength of the implant.
Therefore, exercises that cause bending moments below
this level are not likely to increase the risk of pedicle
screw breakage. Bending moments between 111% and
120% of the value for standing may slightly increase that
risk, especially when the exercises are performed very
often. The exercises standing up, sitting down, and
lateral flexion and axial rotation of the upper body while
standing led to bending moments in this range. We
believe that exercises that cause bending moments in the
devices higher than 120% may increase the risk of
pedicle screw breakage considerably if they are per-

Figure 5.
Average relative bending moments in the fixation devices for some
movements while kneeling on hands and knees. The values are related
to the corresponding value for standing. The median and 25th and 75th
percentiles are shown. The numbers in parentheses represent the
number of patients who performed the activity.
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(SD!1.75, range!0.7–6.9) (25th percentile!2.2 N!m,
75th percentile!4.8 N!m). When not indicated other-
wise, measurements were performed on all 10 patients.

Implant Loads for Lying Body Positions
The bending moments in the fixation devices were small
when the patients were in lying positions. The patients
were asked to contract their muscles to achieve tension
of their body. Muscle contraction for tension of the body
led to a slight increase of the bending moments in the
implant. Lifting an extended leg in a supine position
(Fig. 2) caused an increase of the bending moments in
the fixation devices from 26% to 66% of the value for
standing. When lifting both extended legs (9 patients),
the related peak bending moment in the devices was
higher (101%) than when lifting one leg. Lifting of the
pelvis in a supine position led to peak bending moments
in the devices of up to 89%. When the pelvis was only
slightly lifted, the load increase was smaller. Lifting head
and shoulders in a supine position (6 patients) caused
bending moments in the devices of about 88%. Move-
ments of a leg (such as those produced during bicycling)
in a supine position led to a peak value of the bending
moment in the implants of 63%.

Lifting a cranially extended arm while lying in prone
position caused a peak bending moment in the fixation
devices of 91% (Fig. 2). Lifting an extended leg in this
position led to bending moments of about 75%. When
the right arm and the left leg were lifted simultaneously,
the peak bending moment was 91%.

Abduction of an extended leg while lying in a lateral
position increased the peak bending moment to 82%
(Fig. 2). Lifting both feet but no other body parts while
lying in a side-lying position led to a peak bending
moment in the fixation devices of 85%, whereas lifting

both knees but no other body parts increased the
bending moment to 89%.

Bending Moments in the Implant During Sitting
The bending moments in the fixation devices were, on
average, 13% lower for sitting relaxed than for standing
(Fig. 3). However, sitting erect and actively straightening
the back caused bending moments about as high as
those observed in a standing position (100%). Ventral
flexion of the trunk (bending the trunk forward) while
sitting increased the peak bending moment to 105%.
The corresponding value for extension of the trunk was
107%. Lateral bending of the trunk increased the bend-
ing moment in the implant mounted on the concave
side to 108% and decreased it for the implant mounted
on the convex side of the bent spine. Axial rotation of
the upper body in the transverse plane while sitting
increased the bending moments in the devices to 108%.
The changes of torsional moment measured in the
devices for axial rotation were about 0.55 N!m, on
average, which is low in comparison with the bending
moment.

Bending Moments for Different Activities While Standing
Standing up and sitting down led to average peak
bending moments on the fixation devices of 112% and
119%, respectively (Fig. 4). Getting up on tiptoes (9
patients) increased the fixation device loads to 110%.
Ventral flexion (127%), extension (124%), lateral bend-
ing (118%), and axial rotation (115%) of the upper part
of the body during standing led to higher peak bending

Figure 3.
Average relative bending moments in the fixation devices from 10
patients for some movements while sitting. The values are related to the
corresponding value for standing. The median and 25th and 75th
percentiles are shown. Sit!sitting.

Figure 4.
Average relative bending moments in the fixation devices from 10
patients for some movements while standing. The values are related to
the corresponding value for standing. The median and 25th and 75th
percentiles are shown. St!standing.
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75th percentile!4.8 N!m). When not indicated other-
wise, measurements were performed on all 10 patients.

Implant Loads for Lying Body Positions
The bending moments in the fixation devices were small
when the patients were in lying positions. The patients
were asked to contract their muscles to achieve tension
of their body. Muscle contraction for tension of the body
led to a slight increase of the bending moments in the
implant. Lifting an extended leg in a supine position
(Fig. 2) caused an increase of the bending moments in
the fixation devices from 26% to 66% of the value for
standing. When lifting both extended legs (9 patients),
the related peak bending moment in the devices was
higher (101%) than when lifting one leg. Lifting of the
pelvis in a supine position led to peak bending moments
in the devices of up to 89%. When the pelvis was only
slightly lifted, the load increase was smaller. Lifting head
and shoulders in a supine position (6 patients) caused
bending moments in the devices of about 88%. Move-
ments of a leg (such as those produced during bicycling)
in a supine position led to a peak value of the bending
moment in the implants of 63%.

Lifting a cranially extended arm while lying in prone
position caused a peak bending moment in the fixation
devices of 91% (Fig. 2). Lifting an extended leg in this
position led to bending moments of about 75%. When
the right arm and the left leg were lifted simultaneously,
the peak bending moment was 91%.

Abduction of an extended leg while lying in a lateral
position increased the peak bending moment to 82%
(Fig. 2). Lifting both feet but no other body parts while
lying in a side-lying position led to a peak bending
moment in the fixation devices of 85%, whereas lifting

both knees but no other body parts increased the
bending moment to 89%.

Bending Moments in the Implant During Sitting
The bending moments in the fixation devices were, on
average, 13% lower for sitting relaxed than for standing
(Fig. 3). However, sitting erect and actively straightening
the back caused bending moments about as high as
those observed in a standing position (100%). Ventral
flexion of the trunk (bending the trunk forward) while
sitting increased the peak bending moment to 105%.
The corresponding value for extension of the trunk was
107%. Lateral bending of the trunk increased the bend-
ing moment in the implant mounted on the concave
side to 108% and decreased it for the implant mounted
on the convex side of the bent spine. Axial rotation of
the upper body in the transverse plane while sitting
increased the bending moments in the devices to 108%.
The changes of torsional moment measured in the
devices for axial rotation were about 0.55 N!m, on
average, which is low in comparison with the bending
moment.

Bending Moments for Different Activities While Standing
Standing up and sitting down led to average peak
bending moments on the fixation devices of 112% and
119%, respectively (Fig. 4). Getting up on tiptoes (9
patients) increased the fixation device loads to 110%.
Ventral flexion (127%), extension (124%), lateral bend-
ing (118%), and axial rotation (115%) of the upper part
of the body during standing led to higher peak bending

Figure 3.
Average relative bending moments in the fixation devices from 10
patients for some movements while sitting. The values are related to the
corresponding value for standing. The median and 25th and 75th
percentiles are shown. Sit!sitting.

Figure 4.
Average relative bending moments in the fixation devices from 10
patients for some movements while standing. The values are related to
the corresponding value for standing. The median and 25th and 75th
percentiles are shown. St!standing.
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None of the movements studied 
caused bending moments in the 
implants higher than those observed 
during walking 128%.  

What about the discs? 

n Good agreement between intradiskal 
pressure and bending moments in the 
fixation devices for most activities 

(Rohlmann Ergonomics 2001) 

When does outpatient PT begin? 

n Safe to start immediately(Abbott 2010)     
¨ Especially education 

n Typically 4-6 weeks 
n No difference in outcomes at 1 year post if 

started 6 or 12 weeks after surgery.(Oestergaard 
2013) 

What should PT consist of? 

n Education 
n Cardiovascular exercise 
n Stabilization 
n Range of motion/stretching exercise 
 

Cardiovascular Exercise 

n Typically surgeons will ask patients to walk 
daily 

n Gradually increasing  
n Use a pedometer  

¨ 2,100 steps = 1 mile 
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Stabilization 

n Co-contraction of multifidus and 
transverses abdominus to provide 
segmental stabilization  

n  Improved function of stabilizing muscles 
decrease unwanted stress on spine 

n No evidence on what is best exercise 
routine currently 

ROM/Stretching 

n Minimal research 
n Maximize ROM of adjacent joints to 

decrease stress on surgical site 
¨ Hip 
¨ Thoracic  

 

Conclusions 
n Educate 

¨ Decrease fear 
¨ Improve understanding of pain 
¨ Improve understanding of benefits of exercise 

n Exercise 
¨ Stress placed on spine and hardware during 

common exercises 
¨ Limited evidence on best exercises 
¨ Key is knowledge of safe exercises 

n Communicate 

QUESTIONS? 

  

CONTACT INFORMATION 

n Eric Gattie, Physical Therapist 
n Concord Hospital 
n  egattie@crhc.org 
n  (603) 228-4610 
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