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ABSTRACT
KATHRYN SAWYER
THE IMPACT OF SPINAL STABILIZATION EXERCISES ON PAIN, DISABILITY,
AND PHYSICAL FUNCTION AFTER LUMBAR SPINAL FUSION
DECEMBER 2019

Lumbar spinal fusion (LSF) surgery is one of the most commonly performed
procedures for degeneration of the lumbar spine. Though minimally invasive surgical
techniques have been developed in an attempt to reduce muscle injury, some damage is
unavoidable. Research on postoperative rehabilitation has not kept pace with the
increased utilization of LSF in the United States over the past three decades, and there is
a lack of high-quality evidence to answer questions regarding the optimal timing,
duration, and type of rehabilitation to implement following surgery.
Spinal stabilization exercises target the muscles that corset the lumbar spine to
improve functional control of the trunk. Initiation of a spinal stabilization program early
after LSF may reduce loss of muscle function, potentially improving clinical outcomes
following surgery.
The purpose of the three studies was to explore spinal surgeons’ perceptions of
rehabilitation after LSF, investigate deep abdominal muscle performance during spinal
stabilization exercises, and compare the effectiveness of early initiation of a spinal
stabilization program to the current standard of care on outcomes after surgery.
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Spinal surgeons participated in one-on-one interviews to discuss their opinions on
postoperative recovery. Data was assessed with content analysis, coding, and
triangulation. Findings indicated that surgeons prefer a rehabilitative program that
includes cardiovascular activity, trunk stabilization exercises performed with the lumbar
spine in a neutral position, and reinforcement of body mechanics. Next, five low-load,
neutral spine stabilization exercises were tested with ultrasound imaging. Two one-way
repeated measures ANOVAs were calculated to compare resting and contracted
measurements of the transversus abdominis and internal oblique muscles. Results of this
study were incorporated into a randomized, prospective clinical trial comparing the
effects of early initiation of a spinal stabilization exercise program to standard of care
after LSF. Participants randomized to the control group followed standardized guidelines
for cardiovascular activity. Participants randomized to the intervention group received
instruction in performance of a daily spinal stabilization exercise program. Four separate
2x3 mixed ANOVAs were used in data analysis. Results indicated that the program did
not have either a positive or a negative impact on pain, disability, or physical function up
to six months postoperatively.
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CHAPTER I
THE IMPACT OF SPINAL STABILIZATION EXERCISES ON PAIN, DISABILITY,
AND PHYSICAL FUNCTION AFTER
LUMBAR SPINAL FUSION
INTRODUCTION
Lumbar spinal fusion (LSF) is the standard surgical treatment for a variety of
spinal conditions, such as trauma, deformity, spondylolisthesis, and degenerative causes.1
Studies have reported a significant increase in the frequency and utilization of LSF in the
United States over the past three decades.1 However, the literature suggests post-LSF
outcomes are unpredictable, and defining success after surgery remains problematic.2,3 A
number of studies have examined adaptive changes in muscle performance and
coordination following LSF.2,4-6 Using ultrasonagraphy (US), magnetic resonance
imaging (MRI), and electromyography (EMG), previous studies reported decreased deep
trunk muscle thickness, accelerated muscle atrophy, and fatty infiltration.2,4,6-8 These
changes may contribute to decreased trunk muscle strength and spinal instability, leading
to development of compensatory muscle activation patterns and impaired function.2,4,6,8
Despite these findings, few studies have explored rehabilitation strategies to mitigate
these consequences and enhance postoperative results for patients who undergo LSF.
The majority of the research on muscle performance changes following LSF is
focused on the deep posterior trunk muscles, such as the lumbar paraspinals and
multifidus, as they are directly affected via the surgical incision, exposure and
retraction.2,5,6,8 Though the posterior trunk muscles are important contributors to spinal
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stability, they operate in conjunction with the deep abdominal muscles to maintain ideal
spinal function.9-13 For example, the deepest of the abdominal muscles, the transversus
abdominis (TrA), is of key importance as a spinal stabilizer due to its anatomical
connection to the lumbar spine. The upper, middle, and lower fibers of the TrA provide
stability to the thorax, increase tension of the thoracolumbar fascia, and decrease
sacroiliac joint laxity respectively.14-16 Thus, the TrA is able to provide local segmental
stability in addition to assisting with general trunk control.
The TrA and internal oblique (IO) have been studied extensively in patients with
low back pain (LBP). Some researchers found delayed muscle activation and altered
recruitment patterns in patients with LBP compared to asymptomatic participants.11,13,17
They hypothesized that the delay in neuromuscular response contributed to instability of
the spine, which ultimately resulted in pain.12,17 Further studies employed spinal
stabilization and trunk strengthening programs targeting the deep abdominal muscles in
an effort to improve local muscular function, which successfully decreased LBP.16,18,19
Given that spinal stabilization exercises have been successfully utilized to restore
function of deep abdominal and posterior trunk muscles in similar patient populations,
they would likely be effective as part of a rehabilitation program after LSF. Initiation of
a spinal stabilization exercise program early in the postoperative period may prevent loss
of muscle function and development of compensation patterns, which could potentially
improve clinical outcomes following fusion surgery.
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PURPOSE
The purpose of this dissertation was to investigate the effectiveness of a
postoperative spinal stabilization exercise program on pain, disability, and fusion healing
for patients who undergo LSF. This inquiry included three separate studies. The first
study employed a qualitative research design to explore spinal surgeons’ perceptions of
recovery and rehabilitation in post-LSF patients. It has been suggested that surgeons are
concerned that the fusion healing may be adversely affected by early exercise
intervention, and this concern may influence their opinion and recommendation on the
type and intensity of postoperative exercises their patients perform. The second study
investigated deep abdominal muscle performance during spinal stabilization exercises in
healthy participants. Real time ultrasound imaging (RUSI) was utilized to measure
changes in muscle thickness of the TrA and IO during a series of simple exercises that
would be appropriate for patients early in their post-LSF timeline. Reliability associated
with ultrasound imaging of the abdominal muscles has been described as good (ICC3,1 =
0.93, SEM = 0.03).16 Using the results from the second study for selection of the optimal
exercises to recruit these muscles, the final study consisted of development,
implementation, and testing of an early-intervention rehabilitative exercise program that
incorporated spinal stabilization exercises for post-LSF patients. The effectiveness of this
program for reducing pain and disability was compared to the current standard of care.
Approval for the studies was obtained through the Institutional Review Boards of
Texas Woman’s University and Texas Orthopedic Hospital. All potential participants
were informed of each study’s purpose and requirements, and were asked to sign an
3

approved consent form prior to participation. Upon completion of the informed consent
process, participants who met the inclusion criteria for each study were assigned an
identification number for use on all data collection forms.
STUDY 1: SPINAL SURGEONS’ PERCEPTIONS OF REHABILITATION AND
RECOVERY AFTER LUMBAR SPINAL FUSION SURGERY
This study was a qualitative research design using coding and triangulation to
assess spinal surgeons’ perception of rehabilitative needs in patients who have undergone
LSF.
Specific Aim and Research Question
The aims of this study were to explore the views of spinal surgeons with regard to
rehabilitation following LSF, and to identify any concerns or barriers that may prevent
them from referring patients to physical therapy. Additionally, the surgeons were asked
about outcome measurement, and the insights were used to select an outcome measure for
inclusion in the third study. The research question was “What are surgeon perceptions of
rehabilitation after lumbar spinal fusion surgery?”
Participants
Six spinal surgeons were recruited through convenience and snowball sampling.
Five surgeons practiced in Houston, Texas, and one surgeon practiced in San Antonio,
Texas.
Instrumentation
During the semi-structured, audio-recorded interview, the Primary Investigator
(PI) took written notes and the interview was transcribed in its entirety at a later date. The
PI conducted the interview with the participant in a quiet room, using open-ended
4

questions to encourage the participant to describe his or her feelings about postoperative
rehabilitation. Each recorded interview was saved to a password-protected flash drive and
transcribed verbatim into a Word document. The transcribed interview was mailed or emailed to each participant to review for accuracy. The participant was asked to return the
interview to the PI within two weeks.
Data Analysis
Throughout the process, interview responses were reviewed at specific time
intervals to determine whether data saturation had occurred. Saturation occurs when
interview responses begin to overlap and concepts demonstrate similarity. Qualitative
data was analyzed using a content analysis approach. Investigator triangulation occurred
through line-by-line coding.
STUDY 2: CHANGES IN DEEP ABDOMINAL MUSCLES DURING LOWLOAD, NEUTRAL SPINE STABILIZATION EXERCISES
Specific Aims and Hypotheses
This study used RUSI in healthy individuals to test five commonly prescribed
spinal stabilization exercises for their ability to activate the TrA and IO muscles. The
exercises selected were simple enough that patients could perform them after LSF
without violating post-surgical precautions. It was hypothesized that the exercises
incorporating longer-lever motion of an extremity, or movement outside the sagittal plane
would produce the greatest firing of the spinal stabilizer muscles, as noted by the greatest
increase in thickness of the stabilizer muscles.
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Participants
Based on an a priori power analysis, 31 healthy participants without a history of
LBP within the past six months and no previous lumbar spine surgery were recruited
from the Houston medical center community and surrounding neighborhoods.
Information about the study was disseminated via flyers and informal announcements.
Participants were excluded from participation if they reported any episodes of LBP for
which they sought medical attention within the previous six months. Contraindication to
the use of ultrasound imaging, such as current or possible pregnancy, previous or current
malignancy, or signs of infection, also barred participants from participation. Finally,
participants were excluded from the study if their BMI was higher than 30 kg/m2, due to
the potential for compromised visibility of the spinal stabilizer muscles on ultrasound
image.15
Instrumentation
A GE Logiq P5 (GE Healthcare, USA) ultrasound machine with a 7.5-MHz linear
probe was used for imaging. The monitor display was set to Brightness-mode (B-mode),
which provided two-dimensional images and measurement capabilities concerning the
anatomical structure of soft tissue.20,21 Psychometric properties of this tool have been
reviewed previously.
Procedures
Participants assumed a supine, hook-lying position on a plinth with lower
abdomen exposed. Each participant was first instructed in the performance of an
abdominal drawing-in maneuver (ADIM), which serves as the foundation for trunk
6

stabilization exercises due to its ability to selectively activate the TrA muscle.16
Standardized verbal instructions were used: “Hollow your abdomen by drawing your
bellybutton toward your spine. Continue to breathe normally.”
Next, participants were given an overview of the exercises they were asked to
perform. An investigator provided standardized, verbal instructions prior to performance
of each exercise, and participants viewed pictures of the starting (resting) and exercise
(contracted) positions. Practice trials were used to minimize errors arising from incorrect
performance.
Conductive gel was placed on the participant’s skin and on the probe, which was
placed just superior to the iliac crest along the axillary line, on the participant’s right side,
midway between the lowest rib and the apex of the ilium (See Figure I-1).22 Park et al22
states that this position has been shown to be the thickest point of the TrA, and
demonstrates the clearest simultaneous images of the TrA, IO, and external oblique. A
felt-tip marker was used to place an “x” on the participant’s skin to ensure consistent
placement of the probe as the participant moved through the different exercise positions.
One investigator held the transducer aligned perpendicularly to the anterolateral
abdominal muscles and captured an image of the TrA and IO at rest and on exhalation.
The participant then performed the first exercise in conjunction with an ADIM, holding
the contracted position for a maximum of ten seconds.19 A second investigator observed
participants for incorrect technique or evidence of substitution patterns. The ultrasound
image was captured during an exhalation to control for the influence of respiration, and
then the participant was asked to relax. Each exercise, in conjunction with the ADIM,
7

was performed twice, with a 30 second rest break provided between repetitions. During
the break, the increase in thickness of the TrA and IO was measured on the captured
image using on-screen calipers. A one-minute rest period was provided between different
exercises to prevent fatigue.19 A total of five exercises were completed, in random order
to control for the effect of fatigue.
Muscle thickness on the captured images was measured using the protocol
detailed by Teyhen et al.15 Contraction ratios were calculated to help control for
differences in muscle thickness due to age, gender, and body mass.15,16,19 Descriptive
statistics were computed and the data was explored for normality and homogeneity using
histograms, boxplots, and Levene’s test. To compare the contraction ratios of the TrA and
IO for significant differences, 2x6 repeated measures ANOVAs were performed with
alpha set at 0.05. If significance was identified, simple contrasts were performed to
compare resting muscle thickness to contracted muscle thickness during each of the
exercises.
STUDY 3: COMPARING THE IMPACT OF EARLY INITIATION OF A SPINAL
STABILIZATION EXERCISE PROGRAM TO STANDARD OF CARE ON PAIN,
DISABILITY, AND PHYSICAL FUNCTION IN PERSONS AFTER LUMBAR
SPINAL FUSION SURGERY: A RANDOMIZED CLINICAL TRIAL
Specific Aims and Hypotheses
This study aimed to determine whether a rehabilitation program incorporating
spinal stabilization exercises was more effective than the standard of care at reducing
postoperative pain and disability in patients who had recently undergone a LSF. The
hypothesis was that there would be a significant difference in scores on the modified
Oswestry Disability Index (ODI), the Numeric Pain Rating Scale (NPRS), and an
8

outcome measure from the PROMIS database between patients who performed the spinal
stabilization program and those who followed standard of care instructions from baseline
to six months.
Participants
Patients who underwent a one- or two-level lumbar interbody fusion were
recruited from the practices of four spinal surgeons at Texas Orthopedic Hospital in
Houston, Texas. Based on an a priori power analysis and an assumed effect size of 0.6,
adjusted alpha < 0.008, and power of 0.80, a total sample size of 62 was required. An
additional 10% was added to account for attrition.
The surgeons and their medical staff identified patients who met the inclusion and
exclusion criteria at the time the patient signed up for surgery. To minimize any
perceived pressure from the surgeon to participate in the study, the staff notified the PI,
who used verbal and written recruitment methods either in person or via telephone call.
Males and females, ages 18-70, of all ethnicities, were eligible for participation.
Participants were excluded if their TLIF involved more than two spinal levels, and they
were excluded after surgery if they suffered any major surgical complications such as
neural injury, infection, implant migration or loosening, or major medical complications.
Procedures
The PI collected baseline measurements and demographic information from all
participants who agreed to take part in the study and provided informed consent when the
participant presented to the hospital for their pre-admission medical screening. This
screening was required of all patients undergoing surgery at Texas Orthopedic Hospital,
9

and occurred 14-21 days prior to surgery. Once the information was collected, the
participant was randomized to one of two groups: control or exercise. The control group
followed standard of care instructions developed by the spinal surgery department at
Texas Orthopedic Hospital and the intervention group performed the spinal stabilization
program in addition to the standard of care instructions. On the day of discharge from the
hospital following surgery, the PI visited each participant. Participants in the control
group received a paper handout with written and pictorial instructions for basic body
mechanics and general activity recommendations for walking, stationary cycling, and
swimming.
Participants in the exercise group received the same postoperative instructional
handout, and were instructed in performance of the spinal stabilization program.
Participants were asked to perform the program at home each day, which required
approximately 20-25 minutes to complete. The PI used verbal, visual, and tactile cueing
to ensure correct technique, and participants performed several repetitions of each
exercise to demonstrate competency. Written and pictorial instructions for the spinal
stabilization program were issued to each participant. Additionally, a compliance log was
issued to those in the intervention group. They were asked to complete the log and return
it at the requested intervals during their follow-up physician appointments. Participants
began the program immediately and continued to perform daily sessions until their threemonth postoperative appointment date. At that appointment, pending evidence of fusion
healing on imaging, the surgeon typically released the patient from post-surgery
restrictions. At that time, participants in both groups were cleared to return to previous
10

activities and/or exercise, and participants in the intervention group were able to
discontinue the spinal stabilization exercise program. During the three-month time
period, the participants returned for a postoperative appointment with their surgeon at
approximately two or three weeks after surgery. The PI met briefly with each participant
immediately before or after the two- or three-week post-surgery physician appointment to
address any questions or concerns regarding exercise performance and collect compliance
logs for that time period.
Outcomes were measured for both groups with the modified ODI, NPRS (applied
separately for axial and radicular pain), and a PROMIS self-report measure that was
selected based on insights gleaned from the first study. All participants completed the
outcome measures at regular intervals, beginning at the pre-admission medical screening
appointment, and again at normally scheduled physician follow-up appointments at three
months, and six months after surgery. Compliance logs for the exercise group were
collected at two to three weeks and three months. Data collected on participants who
were less than 50% compliant (performing less than four sessions per week) on average
were not included in analyses.
Significant changes in each of the four outcome measures (ODI, NPRS: axial,
NPRS: radicular, and PROMIS) were analyzed using separate 2x3 mixed ANOVAs, with
group (control and exercise) and time (baseline, three months, six months) as the
independent variables, alpha set at 0.05/3 for each, or 0.016. Bonferroni post hoc tests
were completed if global significance was found. Analyses were performed with SPSS
version 21 (IRB Corp, Armonk, NY).
11

Figure I-1. Ultrasound imaging set-up.
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CHAPTER II
THE ROLE OF REHABILITATION AFTER LUMBAR SPINAL FUSION SURGERY:
A LITERATURE REVIEW
METHODOLOGY OF REVIEW
A literature search was completed in 2019 and the studies selected for inclusion in
this review focused on trends in LSF, short- and long-term prognosis, complications,
patient-reported outcomes after spine surgery, postoperative rehabilitation protocols, and
lumbar spinal stabilization exercises. The following databases were searched: CINAHL,
Medline with Full Text (EBSCO), PubMed, and the Cochrane Database of Systematic
Reviews. Google Scholar and other secondary references were also reviewed. The search
strategy focused on a combination of the following key words: “lumbar spinal fusion,”
“lumbar fusion,” “spinal surgery,” “adjacent segment disease,” “pseudarthrosis,”
“rehabilitation,” “early rehabilitation,” “postoperative rehabilitation,” “physical therapy,”
“spinal stabilization exercise,” “transversus abdominis,” “PROM,” and “outcome
measures.” Inclusion criteria for study selection was as follows: articles published in
peer-reviewed journals in English, or translated into English that focused on outcomes
after LSF, trunk muscle adaptations following LSF, therapeutic management strategies,
and the use of spinal stabilization exercises. Exclusion criteria for the review were: nonEnglish, not a full-text article (editorials or letters), no well-defined outcome measures
used, no clear description of rehabilitation strategy or exercise program provided, and
articles that primarily focused on other types of spinal surgery. In the search, 111 articles
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were obtained. After further analysis, 19 of these articles were found to be irrelevant, and
were excluded from the review.
The first purpose of this literature review is to introduce LSF, with an
examination of the current research on post-surgical outcomes and a thorough assessment
of the most commonly utilized outcome instruments. The second purpose is to investigate
studies on rehabilitation strategies after LSF, and to explore the application of spinal
stabilization exercises in this patient population for potential inclusion in postoperative
protocols. A better understanding of the LSF procedure, anticipated consequences, and
expected outcomes will facilitate the development of a safe, effective, and comprehensive
postoperative rehabilitation program.
INTRODUCTION TO LUMBAR SPINAL FUSION
LSF surgery is presently one of the most commonly performed procedures for
degenerative disorders of the lumbar spine, such as disc herniation, disc degeneration,
spondylolisthesis, and stenosis.1, 2 In the past two decades, the prevalence of LSF
operations has increased by up to 300% worldwide.2 Between 2004 and 2015, the rate of
LSF surgery performed in the United States increased 32.1%, from 60.1 per 100 000
adults to 79.8 per 100 000, with the greatest increase in adults age 65 years and older.3
Hospital costs for elective lumbar fusion exceeded $10 billion in 2015, averaging more
than $50,000 per admission.3
Performed alone, or in conjunction with a decompression and/or reduction of
spinal deformity, LSF is a technique used to stabilize one or more spinal segments with
the goal of reducing pain and/or nerve irritation.4 Surgeons perform LSF using several
14

methods and approaches, but all involve adding bone graft to a segment of the spine in
order to induce a biological response that causes the bone graft to grow between the
vertebrae, resulting in a bony fusion.4 This fusion results in one fixed bone replacing a
mobile joint, thus stopping the motion at that spinal segment. Fusion of only one of the
six mobile levels of the lumbar spine (i.e. L4-L5) is referred to as a single-level fusion.
Multilevel spinal fusion involves more than one spinal disc level (i.e. L3-L4 and L4-L5)
and is almost always performed on contiguous spinal levels, and most frequently at L4L5 and L5-S1.
There are two main surgical approaches to LSF. One of the important differences
between them is the placement of the bone graft within the spine to create the fusion. The
bone graft is the material that forms the bridge between the vertebral segments in order to
create the fusion, and can come from the patient’s own bone (autograft), bone from a
cadaver (allograft), or a bone graft substitute product can be used. In the first approach,
termed a posterolateral fusion, the bone graft is placed between the transverse processes
of the lumbar spine. This allows the bone to heal from the transverse process of one
vertebra to the transverse process of the next vertebra. Then, surgical instrumentation is
utilized to maximize fixation and stability. The most common fixation technique in a
posterolateral fusion is pedicle screw fixation, which involves placing screws within the
pedicles of each vertebral segment and connecting them together with a metal rod. A
single level fusion would fuse two vertebrae and typically require four screws and two
rods, whereas a two-level fusion would fuse three vertebrae and utilize six screws and
two rods.4
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The second main approach to LSF is an interbody spinal fusion, in which the bone
graft is placed between the vertebral bodies, where the disc normally resides. In order to
accomplish this, the disc must be removed completely and the endplates cleaned prior to
insertion of the graft. In this situation, the fusion occurs from one vertebral body to the
next through the endplates. There are different approaches to placing the interbody graft.
An anterior approach utilizes an incision through the abdomen and is called an Anterior
Lumbar Interbody Fusion (ALIF). When a posterior approach is used, through the back, it
is called a Posterior Lumbar Interbody Fusion (PLIF) or Transforaminal Lumbar
Interbody Fusion (TLIF). The difference between a PLIF and TLIF is the angle at which
the disc is approached.4
An interbody fusion has an advantage over a posterolateral fusion in that it allows
for greater surface area for bone contact, and the ability of the graft to share the load on
the anterior portion of the spine, resulting in a more favorable fusion rate. The best
chance for fusion, though, is the application of both techniques: an interbody fusion in
addition to a posterolateral fusion, which is commonly referred to as a 360-degree
fusion.4 The different approaches to LSF carry certain risks and complications, the most
important of which is the risk of clinical failure, meaning that despite achieving a
successful fusion, the patient continues to experience pain or neurological symptoms.
While LSF is presented in current guidelines of the North American Spine Society
as ‘a necessary element of the surgeon’s armamentarium in the treatment of lumbar
degenerative disorders,’ it remains somewhat controversial.5 Firstly, there is a lack of
consensus in the literature for the superiority of fusion compared to non-operative care.5, 6
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Current evidence supports the use of multi-disciplinary cognitive-behavioral and
rehabilitative exercise programs as first-line treatments, with LSF utilized only when
non-operative care has failed to improve pain and disability.6, 7 Adding to the debate, the
literature offers conflicting recommendations for patients in different diagnostic
subgroups.1, 3, 5, 6 For example, two systematic reviews were unable to demonstrate
evidence of superiority of LSF compared to non-operative treatment for patients with
discogenic LBP or degenerative lumbar spondylosis.5 However, findings of other studies
show positive clinical change in patients undergoing LSF for lumbar spondylolisthesis.1
There is also evidence to suggest that while the overuse of LSF may result in unnecessary
complications, reliance on decompression-alone surgical procedures or long-term nonoperative care for degenerative disorders may risk progressive spinal instability,
continuing pain, and neurological impairment.1
In a long-term (average of 11 years) clinical follow up of patients with chronic
LBP who received either LSF or non-operative treatment, Mannion et al7 found no
significant differences between the groups on patient-reported outcome measures. The
study recruited 261 participants from three previous randomized controlled trials in
Norway and the United Kingdom in which participants had been assigned to one of two
treatment arms: fusion, or a combination of rehabilitative exercise and cognitive
behavioral therapy. The primary outcome measure was the ODI and secondary measures
included visual analog scale (VAS), pain intensity, pain frequency, pain medication use,
work status, and the EuroQol VAS for health-related quality of life. Both treatment
groups reported significantly lower chronic LBP related disability at long-term follow up
17

compared with baseline. The mean adjusted treatment effect of fusion was -0.7 points on
the 0–100 ODI scale (95% [CI], -5.5 to 4.2) with the results for the secondary outcomes
largely consistent with those of the ODI.7
Based on the results, and given the inherent risks of surgery, the authors suggest
that appropriate non-operative care is the treatment of choice for patients suffering from
LBP. They also state that there is a considerable need for more research to improve
patient selection criteria and indications for LSF, as well as non-operative treatments, for
more successful outcomes.7
A systematic review with meta-analysis was conducted by Yavin et al1 to
summarize the current evidence (up to June 2016) on the safety and efficacy of fusion,
decompression-alone, or non-operative treatment for lumbar degenerative disease. Sixtyfive studies, with a total of 302 620 patients, were included for analysis. Evidence in
support of lumbar fusion was most compelling for the primary indication of
spondylolisthesis, while complications and re-operative risk outweighed the benefits of
fusion for stenosis.1 Patients diagnosed with spondylolisthesis who were randomly
assigned to fusion as opposed to non-operative care were four times as likely to be
satisfied, and attained 34% greater relief of initial LBP. Fusion for spondylolisthesis also
achieved a 40% improvement of preoperative disability relative to non-operative care, a
difference that exceeded the definition of a substantial clinical benefit.1 Though some
studies reported slightly greater relief of LBP after fusion for stenosis, the modest
potential benefit was outweighed by a 17% increase in risk for reoperation, and nearly
double the risk of complications associated with decompression-alone.
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Another systematic review with meta-analysis on outcomes after first-time LSF
for degenerative disorders concluded that fusion does provide a significant improvement
in pain and disability.5 Twenty-five prospective cohort studies were included for analysis,
with a total of 1777 patients. The patient population consisted of adults diagnosed with
spinal stenosis, spondylolisthesis, disc herniation, and/or discogenic LBP.5 Outcomes
with persons with back and leg pain showed a decrease at every follow-up level
compared to preoperative levels, with more substantial decreases seen for those with leg
pain. The authors hypothesized that the more distinct decrease in leg pain may be a result
of successful nerve root decompression after LSF. Disability outcomes also showed a
steady decline, with the exception of the six-week postoperative follow-up interval. The
authors also noted that a long-term, clinically significant decrease in disability might be
questionable due to a lack of variance data and a risk of bias. They concluded that the
study results indicate leg pain might be more reduced, and for a longer period of time,
than back pain or disability after first time LSF. For patients with a primary complaint of
predominantly axial back pain, caution is warranted, and future research should
concentrate on clinical care pathways, psychosocial and physical conditions of the
patient, medical treatment, and physical therapy in both the short- and long-term.5
Ultimately, the benefits of fusion varied according to surgical indication, study
methodology, and clinical domain. In fact, Yavin et al1 state that LSF for degenerative
disorders is “associated with the greatest measured practice variation of any surgical
procedure.”
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While any surgery carries inherent risks and potential complications, there are
several that are unique to LSF. One significant long-term complication after LSF is
Adjacent Segment Disease (ASD). It is defined as development of pathology at the
mobile segment next to a lumbar or lumbosacral fusion.8 Yamaski et al9 reports that
interbody fusion “induces abnormal spinal biomechanics and results in overload to the
non-treated adjacent segment and vertebral body. The change in biomechanical stress in
the adjacent segment can be a cause of degenerative disc disease of the intervertebral disc
or facet joint.” Xia et al report that the incidence of ASD after LSF varies substantially
from 4.8 to 92.9%, however the prevalence of symptomatic ASD is lower, and ranges
from 5.2 to 18.5%.8, 9 Known risk factors include age, sex, body mass index, spinal
alignment, strength of fixation device, laminar inclination, facet tropism, preoperative
degenerative change of intervertebral joint, multiple intervertebral fusion, excessive
distraction of lumbar disc space, and decreased spinal lordosis. However, the specific
mechanisms leading to development of ASD remain unclear.9
In a retrospective study investigating risk factors of ASD in 263 patients treated
with TLIF, Yamasaki et al9 focused on the correlation between spino-pelvic parameters
and the incidence of ASD. Radiographic analysis of the lumbar spine was used to
measure these parameters, which included pelvic incidence (PI), sacral slope (SS), pelvic
tilt (PT), lumbar lordosis (LL), thoracic kyphosis (TK), and sagittal vertical axis (SVA).
Plain radiographs taken before and after fusion (at final postoperative visit) were used to
identify ASD in the adjacent segment, which was defined as either development of
anterolisthesis or retrolisthesis greater than three mm, a decrease in adjacent segment disc
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height of more than three mm, or an intervertebral angle of flexion greater than five
degrees.9 Radiographic ASD was found in 43.3% of participants, and the most important
finding was that the spino-pelvic parameter of PT was revealed as a significant risk
factor. Patients with preoperative PT greater than 22.5 degrees were 5.1 times more likely
to develop ASD.9
Most of the published literature investigating ASD consists of retrospective
studies, and comparisons between individual studies is difficult due to differing patient
populations and methodologies.8 Though radiographic evidence suggests that ASD is
quite common, it should be noted that this might not correlate with poor prognosis.8 In
asymptomatic patients, functional outcomes are not significantly affected. However,
prevention of ASD remains a priority.
It has been proposed that sagging of the posterior layer of the thoracolumbar
fascia (TLF) may be a predisposing factor for the development of ASD. This fascia is an
important anatomic structure that helps to integrate the muscles of the back and transmit
tension from the lateral abdominal muscles to maintain spinal stability.10 In a spinal
fusion performed via a posterior approach, the TLF is incised approximately three-six
inches over the vertebrae, depending on the number of levels to be fused, which may
damage its contractility. In a study assessing MRIs of 68 patients who underwent
instrumented lumbar spinal surgery, sagging of the TLF was seen in 50 patients. Of those
50 patients, 32 developed adjacent segment pathologies such as spondylolisthesis,
retrolisthesis, segmental instability, and/or compression fractures.10 There was a
statistically significant correlation between the sagging of the TLF and ASD (P <
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.001).10,11 The authors noted that other studies have observed sagging of the TLF in
conjunction with the presence of significant fatty atrophy in the lumbar musculature. This
may suggest a relationship between paraspinal muscle volume and the appearance of the
TLF. In light of these findings, it could be hypothesized that strengthening the muscles
that attach to the TLF may decrease a patient’s risk for adjacent segment pathologies.11, 12
Another well-known complication after LSF is pseudarthrosis, which translates to
“false joint.” It is the result of a failed spinal fusion. In a successful fusion, the vertebrae
“weld” together with the help of the bone graft to form one solid segment. When this is
not achieved, patients may present with recurrent pain and/or neurological symptoms.13
However, some cases may remain asymptomatic, with no adverse effects on long-term
clinical outcomes. The rate of pseudarthrosis after LSF ranges from 5-35% with
significantly higher incidence in fusions involving more than three spinal levels. Other
risk factors include older age, osteoporosis, alcoholism, malnutrition, cigarette smoking,
and excessive motion at the thoracolumbar junction.13 Diagnosing pseudarthrosis requires
a thorough clinical history, physical examination, and imaging findings of deformity,
radiolucencies, implant failure, or loss of fixation. Plain radiography or CT scanning is
typically used for the initial recognition of pseudarthrosis, but it can take time before the
presentation is detectable. For example, Dickson et al reported that of 18 pseudarthrosis
complications, only 13 were detected radiographically within the first two postoperative
years.13
Methods of treatment for symptomatic pseudarthrosis include a variety of surgical
options, such as replacing loose instrumentation, use of more potent biologies, and
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interbody fusion techniques.13 However, outcomes after revision surgery can be
unpredictable, and there are contradictory findings in the literature. For example, some
studies treating pseudarthrosis with revision surgery report high fusion rates ranging from
90-100%, while other studies have demonstrated that patient-reported outcomes do not
necessarily improve with the achievement of a solid fusion.14, 15 In a retrospective review
of patients who underwent revision surgery with either a primary diagnosis of
degenerative disc disease or spondylolisthesis, clinical outcomes were worse in those
with degenerative disc disease.13 This result suggests that the initial diagnosis, and not the
attainment of the fusion itself, was the foremost indicator of a successful revision
outcome. In summary, the best treatment for pseudarthrosis is prevention. While
improvements in surgical techniques, instrumentation, and bone graft materials have
contributed to better fusion rates in initial operations as well as revision surgeries, a
comprehensive understanding of the patient’s pre-clinical diagnosis, expectations, and
risk factors for pseudarthrosis is essential for optimal outcomes.13
Indications for performing LSF are multi-factorial, and factors such as patient
characteristics, diagnoses, imaging, surgical advances, and reimbursement may influence
trends in operations and postoperative outcomes.3 The potential for complications after
surgery, such as failure to achieve a solid bony fusion, or development of adjacent
segment pathologies also affect success rates. Finally, given the remarkable variance and
the discrepancies in postoperative outcomes, defining success after LSF remains a
challenge.
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A careful evaluation of the metrics used to assess preoperative to postoperative
change in symptoms is crucial to ensure appropriate postoperative management and
patient satisfaction following LSF, as well as to identify patients at risk for poor surgical
outcomes.16, 17
OUTCOME MEASURES
Patient reported outcome measures (PROMs) are instruments that aim to quantify
health status or treatment impact from the patient’s perspective.18 Though they are not
without imperfections, PROMs can act as “building blocks” for the effort to improve
patient-centered medical care.18 The major categories of PROMs in spinal surgery
include health-related quality-of-life (HRQoL), pain, and disease- or condition-specific
disability. Choosing the appropriate outcome measure can be challenging, as instrument
selection is dependent upon factors such as psychometric evaluation, practicality to the
patient and administrative burden, use in published studies, and professional consensus.18
The minimal clinically important difference (MCID) is the smallest change in outcome
that an individual patient would identify as important, and provides a threshold for
meaningful change. MCIDs vary between instruments, disease states, and patient
populations being studied, and can be particularly helpful when interpreting the results of
studies with large sample sizes.18
Wiitavaara and Heiden19 investigated how physical function is measured in
people with musculoskeletal disorders (MSD) of the low back, specifically aiming to
learn more about the questionnaires used, the aspects of physical function assessed, and
the measurement properties of the questionnaires. A total of 98 different instruments for
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measurement of physical function in people with MSD were identified, 16 of which
focused specifically on MSD of the low back. Given these numbers, it is not surprising
that there is a lack of consistency in use of PROMs in studies involving patients with low
back disorders. This can be problematic when it comes to comparing results and drawing
conclusions with regard to the effectiveness of a treatment or intervention. The authors
sought to evaluate reliability and validity of the questionnaires using the COnsensus
based Standards for the selection of health Measurement Instruments (COSMIN)
checklist, and to more closely examine the items included in the questionnaires, as it can
be unclear which aspects of disability and function are actually being measured.
Questionnaire items were classified according to the International Classification
of Functioning, Disability, and Health (ICF) to determine their focus of measurement and
coverage of items. Though the authors noted that further psychometric evaluation is
required in order to establish quality for most questionnaires, the overall focus of
measurement was on activities of daily living. The results showed that the majority of
questionnaires only included items regarding the components “body functions”
and “activity and participation,” with an overweight on items assessing “activity and
participation.”19 Further, most questionnaires measured disability, or ability to cope with
daily life rather than aspects of physical function.19 Ultimately, the authors assert that the
choice of instrument depends upon what exactly you want to measure. The outcome
measures below are some of the most commonly used PROMs in the spinal surgery
literature and include the Oswestry Low Back Pain Questionnaire, the Roland-Morris
Disability Questionnaire, the Quebec Back Pain Disability Scale, the 36-item Short Form
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Health Survey, Patient Reported Outcome Measurement Information Systems domains,
the McGill Pain Questionnaire, the Visual Analog Scale, and the Numerical Rating Scale
for Pain.
Oswestry Low Back Pain Disability Questionnaire
The Oswestry Low Back Pain Questionnaire, and the disability index derived
from it (ODI), were first published in 1980 and have undergone multiple revisions and
modifications since. The ODI is the most commonly cited functional outcome measure in
the chronic LBP population and has been translated into 14 different languages.20 It has
been validated, successfully tested for reliability, and found to be responsive in the LBP
population.20-22 Internal consistency has been shown to be of acceptable level by different
authors. Cronbach α ranges from 0.71 to 0.87. Test-retest reliability has also been shown
to be high, with values ranging from r = 0.83 to 0.99, though these values vary depending
on the time interval between tests.22
The ODI consists of ten items: pain intensity, personal care, lifting, walking,
sitting, standing, sleeping, sex life, social life, traveling. Each item contains six
statements that are scored on a scale of zero to five. The first statement indicates the least
amount of disability and is scored as zero. The last statement indicates the greatest
disability and is scored as five. Scores for all items are summed, then multiplied by two
to obtain the index range (0-100). Zero is equated with no disability and 100 is the
maximum disability possible. Up to two questions may be omitted with preserved
validity.18 The general interpretation of scores is as follows: zero-20 = minimal disability,
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21-40 = moderate disability, 41-60 = severe disability, 61-80 = crippled, 81-100 =
bedbound or exaggerating symptoms.23
The ODI is simple, brief, widely used, and sensitive to severe disability.
However, one disadvantage of the ODI is that it is fairly insensitive to patients with lower
levels of pain and disability.18 It has been suggested that four points is the minimum
difference in mean scores between groups signifying clinical significance, and a MCID of
12.8 has been determined based on results from the Lumbar Spine Study Group.24 The
Food and Drug Administration considers an MCID of 15 points for patients undergoing
LSF.18
The Roland-Morris Disability Questionnaire
The Roland-Morris Disability Questionnaire (RDQ) is a measure designed to
assess physical disability due to LBP. It was originally designed for research purposes in
the primary care setting in the United Kingdom, but has been used in a variety of other
settings, and has also been effective for monitoring patients in clinical practice. It is short
and easy for patients to understand, and tends to be more sensitive in patients with mild
or moderate LBP compared to the ODI.18, 24
The RDQ was derived from the Sickness Impact Profile (SIP), which consists of
136 items covering all aspects of physical and mental health function. Twenty-four items
from the SIP that related specifically to physical functions likely to be affected by LBP
were selected for inclusion. Examples include walking, bending over, sitting, lying down,
dressing, sleeping, self-care, and daily activities. Patients place a checkmark next to each
item that applies to them at the time that they are completing the questionnaire. This
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allows for observation of short-term changes in back pain, or short term changes in
response to an intervention or treatment. The RDQ score is then calculated by tallying the
number of items checked, and scores will range from zero (no disability) to 24
(maximum disability).24
The RDQ focuses on a limited range of physical functions, which is both a
strength and a weakness in its content validity. The restricted nature of the domains
addressed by the RDQ allows for easier understanding and interpretation of scores, but
the lack of inclusion of any items focusing on psychological or social problems is a
limitation. In situations where the measurement of these factors would be valuable, the
RDQ must be combined with other specific outcome tools. RDQ scores correlate well
with other measures of physical function, including the SF-36, the SIP, the Quebec Back
Scale, and the ODI. The RDQ has good internal consistency and responsiveness, with
estimates for Cronbach alpha ranging from 0.84-0.93.24 Roland and Fairbank24 concluded
that the MCID is dependent on baseline disability, and ranges from 2.5 to 5 points. Other
studies found MCIDs of 1-2 points for patients with mild baseline disability and 7-8
points for patients with moderate-severe baseline disability.18
The Quebec Back Pain Disability Scale
The Quebec Back Pain Disability Scale (QBPDS) is a self-administered
questionnaire that is based on a conceptual model of disability. It was developed in 1995
in English and French, and consists of 20 items that are scored on a six-point scale (0 =
“not difficult at all,” 5 = “unable to do”). The questions comprise six categories: bed and
rest, sitting and standing, ambulation, movement, bending, and handling of large
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items.(18) The total score is calculated by a summation of the scores for each item and
ranges from zero (no disability) to 100 (maximum disability).25
Studies have found MCIDs of 15 and 19 points for patients undergoing physical
therapy for LBP. However, the QBPDS is not widely used in the spinal surgery literature
and there are concerns that it is not as reliable as the ODI.18
Short Form (36) Health Survey
The 36-item Short Form Health Survey (SF-36) is a generic HRQoL assessment
that was designed to accurately measure physical and mental health status across the
complete spectrum of diseases. It is one of the commonly used generic HRQoL measures
in the spinal surgery literature.18 The questionnaire takes five-10 minutes for patients to
complete. Eight domain scales reflecting all aspects of health are calculated from the
questionnaire items, and two summary measures (physical component summary and
mental component summary) can be derived from the scales.26 Use of a generic score
allows results to be comparable to other interventions and across diseases.
SF-36 scores are valid for assessing health-related quality of life for common
spinal disorders, as well as for measuring outcomes following spinal surgery. A study
conducted by Guilfoyle et al26 examining the relationship between SF-36 domains and
condition-specific measures such as the RDQ and the Hospital Anxiety and Depression
Scale (HADS) in patients with cervical and/or lumbar spine diagnoses found strong
correlations between the generic scores and their condition-specific counterparts.
Convergent validity was assessed by a comparison of the physical and mental conditionspecific scores to corresponding SF-36 domains (i.e. Physical Functioning, Bodily Pain,
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Mental Health) and demonstrated strong correlations (r = -0.52 to -0.76, all p < 0.01).
VAS for extremity pain was also strongly correlated with Bodily Pain domain scores (r =
-0.54 to -0.77, all p < 0.01). SF-36 domains discriminate physical and mental health to
the same degree as the condition-specific assessments, demonstrated by non-significant
partial correlations between Physical Function and Mental Health domains when
controlled for HADS scores (r = 70.01 to 0.02, p < 0.05). SF-36 domains have similar
predictive power compared to their condition-specific equivalents, confirmed by similar
correlations between pre- and postoperative scores. Physical Function, Bodily Pain, and
Mental Health domains were all free of significant floor or ceiling effects and showed
moderate to good responsiveness (SRM 0.54-1.72).26 A commonly used MCID for the
SF-36 in spinal surgery is five points.18
A limitation of the SF-36 is the complexity of the scoring method. Additionally,
studies have found that patients who undergo LSF fail to achieve the national standard
score. Though the reasons are unclear, other studies have shown that the number of spinal
levels fused does not affect scores. Since factors such as smoking, obesity, and
depression are correlated with significantly lower SF-36 scores, there is a possibility that
characteristics other than the effectiveness of the fusion may interact to confound the
score.27

Patient-Reported Outcome Measurement Information System
In 2004, the National Institutes of Health introduced the Patient-Reported
Outcome Measurement Information System (PROMIS), which is a system of “highly
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reliable, precise measures of patient–reported health status for physical, mental, and
social well–being.”28 PROMIS differs from more traditional outcome measures in that it
is a health domain-focused, rather than disease-focused, measurement system. The
instruments consist of items related to aspects of functioning and wellbeing that are
relevant across most chronic conditions, and can be administered in paper format or
through computer software called Computer Adaptive Testing (CAT). CAT is “a method
of administering health-related-quality-of-life (HRQOL) measures by computer using the
psychometric framework of item-response theory.” The PROMIS website offers this
additional explanation of CAT: “Items are selected on the basis of the patient's responses
to previously administered items. This process uses an algorithm to estimate a person's
score and the score's reliability, and then chooses the best next item, enabling scale
administration based on specifications such as content coverage, test length, and standard
error.”28 The PROMIS instruments allow clinicians and researchers to “better understand
how various treatments might affect what patients are able to do and the symptoms they
experience.”28
PROMIS instruments use modern measurement theory to assess concepts such as
pain, fatigue, physical function, depression, anxiety and social function from the patient’s
perspective. This is important information for clinicians to collect, as it can help guide
treatment and improve patient-clinician communication. PROMIS assessments are
individually tailored to each patient, and often shorter in length if administered through
CAT. This is a definite advantage over traditional, paper-based outcome measures, such
as the RDQ or ODI.
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Ease of administration is essential when selecting an outcome measure, and a key
goal of PROMIS is to improve precision while reducing survey burden for clinicians and
patients. The PROMIS instruments are available to clinicians as “short form” paper
questionnaires, consisting of four to ten items, if a computer is unavailable. Both methods
of administration are free of charge, and the PROMIS website offers instructional videos
and presentations for clinician education.
Several studies have investigated the validity of PROMIS scores in comparison
with “legacy” outcome measures such as the ODI, SF-36, or VAS in lumbar spine
populations. Khechen at al16 retrospectively reviewed a surgical database of patients
undergoing minimally invasive lumbar discectomy surgery to determine the validity of
the PROMIS Physical Function (PF) domain. Forty-one patients with complete patientreported outcome (PRO) data, comprising the PROMIS PF, ODI, VAS back, and VAS
leg, were included in the analysis. Changes in PROs from preoperative to postoperative
time points were assessed using paired t tests. Associations between PROMIS PF and
legacy PRO scores were evaluated at each time point using Pearson correlation
coefficients (r). PROMIS showed strong correlations with the ODI preoperatively, and at
each postoperative time point (|r| = .5735-.8144, p < .001). Additionally, PROMIS
demonstrated strong correlations with VAS back pain (|r| =.5332-.7270, p < .001) and
VAS leg pain (|r| = .5257-.6412, p < .001) at all postoperative time points. However, the
PROMIS scores were only moderately correlated with preoperative VAS leg pain (|r| =
.3954, p = .011) and did not correlate with preoperative VAS back pain (p > .05).16 These
results suggest that the PROMIS PF domain has strong utility as a postoperative outcome
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measure for assessing functional disability, back pain, and leg pain after minimally
invasive lumbar discectomy.16
Purvis et al17 prospectively followed a cohort of patients undergoing lumbar
decompression with or without arthrodesis to determine the ability of PROMIS health
domains to discriminate between patients according to severity of disease impact.
Additionally, the authors sought to examine the concurrent validity of PROMIS relative
to legacy PROs and to measure its responsiveness to changes in symptoms post-surgery.
Two hundred thirty one adults undergoing surgery for degenerative lumbar disease
participated in the study. Legacy measures selected included the ODI, Generalized
Anxiety Disorder-7 (GAD-7), Patient Health Questionnaire Depression Scale-8 (PHQ-8),
12-Item Short Form Health Survey, version 2 (SF-12v2), and the Brief Pain Inventory
(BPI). The ODI was used to measure disability, and preoperative scores were used to
stratify patients by disease severity. The GAD-7 and PHQ-8 assessed anxiety and
depression respectively, the SF-12v2 measured mental and physical health, and the BPI
was used to quantify back pain and leg pain. All legacy measures selected have
demonstrated validity and reliability in spine surgery patients. Seven PROMIS domains
were selected for assessment, including anxiety, depression, fatigue, pain, physical
function, satisfaction with participation in social roles, and sleep disturbance.17
PROMIS showed good discriminant ability based on disease severity and
concurrent validity with legacy measures. Most domains were well-correlated with these
existing PRO measures with a few exceptions. Most notably, back pain and leg pain
showed no to weak correlation with PROMIS (r = .16-.33). Using distribution-based
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minimal important differences (MIDs), PROMIS fatigue, physical function, satisfaction
with participation in social roles, and sleep disturbance showed moderate responsiveness
when measured by effect size, and pain showed strong responsiveness.17 The results of
this study showed that PROMIS health domains provide a valid and responsive
assessment of health and wellness in patients undergoing spinal surgery for lumbar
degenerative disease.
The McGill Pain Questionnaire
The McGill Pain Questionnaire (MPQ) was developed to evaluate significant
pain, and can be used to monitor changes in pain over time and to assess the effectiveness
of an intervention. It was the first assessment to offer a multi-dimensional, qualitative
evaluation of pain.29 The questionnaire consists of 78 words, or pain descriptors, and
respondents choose those that best describe their personal experience. In addition to the
original MPQ, there are two principal derivatives: the short-form (SF)-MPQ, and a
second version, the SF-MPQ-2. Cross-cultural and condition-specific formats are also
available. There are more than 500 studies of acute, chronic, or experimentally induced
pain that have employed the MPQ as an outcome measure. Before 1990, most of the
research featured the original version, which was published in 1975. Since then, most
have utilized the SF-MPQ.29
In a “state of the science review” of the MPQ in 2016, Main29 noted that, since its
publication, there has been increased precision in pain measurement in both experimental
pain assessment and in psychophysical methodology. There is better understanding of the
representativeness of pain ratings. The availability of assessment tools to measure
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specific types of pain, and in particular contexts, is much greater than at the time the
MPQ was initially published. Given these advancements, Main ultimately concluded that
the MPQ is useful as a way of initially engaging patients as a precursor to more detailed
and systematic evaluation. In that it does not reveal underlying pain mechanics, is
insufficiently precise for diagnosis in the individual case, and provides no information
about the meaning or significant of pain to the patient, it is significantly limited as a
modern pain assessment tool.29
Visual Analog Scale
The visual analog scale (VAS) is a one-dimensional scale for rating pain on a
continuum.18 It is typically displayed as a 10 centimeter line anchored at the ends by
words that describe the bounds of various pain dimensions (i.e. no pain and worst
possible pain). The patient is asked to place a vertical mark at any point on the scale.
Marks are measured in millimeters (mm) and are interpreted as follows: 0-4 mm = no
pain, 5-44 mm = mild pain, 45-74 mm = moderate pain, and 75-100 mm = severe pain. In
spinal surgery, back pain (VAS-BP) and leg pain (VAS-LP) are usually assessed
separately. A MCID of 3mm has been suggested for patients with acute pain. For patients
undergoing surgical decompression and fusion, Parker et al18 found MCIDs of 2.2mm for
the VAS-BP and 5mm for the VAS-LP to be clinically meaningful.
Numerical Rating Scale For Pain
The numerical rating scale for pain (NRPS) is a variation of the VAS, and is
typically illustrated as a horizontal line with anchors at zero and 10 (zero = no pain, 10 =
worst pain imaginable). Patients must choose a discrete number on the scale. The NRPS
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is quick and easy to use. A study by Dworkin et al18 found higher rates of data
completion when using the NRPS compared to the VAS. In clinical trials of patients with
chronic LBP, Farrar et al found an MCID of two points.18
A major criticism of one-dimensional scales like the VAS and NRPS is that they
“fail to capture the true experience of pain,” and could lead to misinterpretation of patient
outcomes.18 For example, some respondents may not feel that “pain” is the most accurate
word to describe what they are feeling. Additionally, as the scales usually focus on
current pain, they risk missing intermittent symptoms.
In summary, tracking patient-reported outcomes is crucial for clinical progress
and for measuring the efficacy of an intervention.18 As the emphasis on patient-centered
healthcare increases, so too will the use of PROMs, as they provide an important measure
of aspects of disease burden from the patient’s perspective.18 A wealth of PROMs are
available for assessing outcomes in spinal surgery, and the number of outcome studies
published each year continues to grow. However, the numerous instruments reported in
the literature can lead to confusion regarding which are most applicable to specific spinal
disorders. As most spinal disorders result in a combination of disability and pain, it is
advisable to select at least one instrument from each major PROM category when
evaluating spine patients.18 Moreover, the ultimate goal is to select the most appropriate
outcome measure for the patient’s condition.
POSTOPERATIVE REHABILITATION
There is very little research on rehabilitation programs following LSF, as the
majority of studies focus on the use of physical therapy and rehabilitative exercise as an
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alternative to surgical intervention for patients diagnosed with lumbar degenerative
disorders.6, 7, 12 Postoperatively, physical therapy and other rehabilitative interventions are
sometimes used to improve range of motion, muscle strength, activity tolerance, and even
psychological wellbeing. However, a broad variance exists amongst practitioners in the
rates of utilization of physical therapy, the modalities requested, and the timing of such
treatments relative to surgery.12 In fact, McGregor et al30 assert that “it is recognized that
the type and extent of clinical management of patients after spinal surgery vary between
surgeons; this is indicative of uncertainty as to how patients should be managed and
reflects the lack of available evidence to justify some current practices.”
The uncertainty surrounding patient management post-LSF is somewhat
concerning considering the consequences of the surgery. Though minimally invasive
surgical techniques have been developed in an attempt to reduce muscle injury, some
damage is unavoidable due to the muscle dissection required to perform the operation.3134

Previous studies have reported decreases in trunk muscle thickness, accelerated muscle

atrophy, and fatty infiltration following LSF, which could ultimately result in altered
muscle performance and coordination.31, 32, 34, 35 Additionally, the impact of segmental
immobilization on overall spinal kinematics must be taken into consideration.12
Despite the name of the surgery, it is important to remember that the spine is not
immediately fused during the operation. The bone graft placed in the spine to facilitate
bone growth between the adjacent vertebrae takes anywhere from three-six months to
form a solid fusion.4 The healing and fusion process can be slowed due to factors such as
smoking, obesity, osteoporosis, certain chronic illnesses, malnutrition, depression, long37

term use of opioids, and use of steroids. Additionally, engaging in high-risk activities
such as bending, lifting, and twisting during the initial recovery phase may result in
setbacks.4
It is worth noting that with advances in surgical techniques, the current, rigid
instrumentation utilized in LSF is believed to provide adequate stability for immediate
mobilization. Evidence shows that early mobility in the acute care setting, including
transfer training and supervised ambulation, leads to a decrease in pain, adverse events,
and length of stay.12 In a survey of Dutch and Swedish spinal surgeons, almost 100% of
respondents recommended mobilization within one day of surgery.36 However, upon
discharge from the hospital, patients are typically only given generalized instructions for
continued cardiovascular exercise, such as a walking program.11, 12, 36 Additionally,
patients are cautioned to avoid bending, heavy lifting, and twisting motions. Though
there is evidence to support the capability of modern instrumentation to withstand
immediate activity, such as sitting, standing, and walking, emphasis is placed on keeping
the spine straight during fusion healing.4, 36 The literature is unclear regarding the extent
of movement and loading to the lumbar spine that can be safely tolerated during the early
postoperative period, which is a topic worthy of further investigation.4, 12, 36
Given the uncertainty and variability surrounding postoperative LSF management
practices, an exploration of spinal surgeons’ opinions on the subject could provide
valuable insight for developing consensus guidelines and steering research to investigate
various rehabilitation strategies.
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Spinal Surgeon Perceptions
A cross-sectional survey was recently conducted among Dutch and Swedish
spinal surgeons to seek opinions regarding pre- and postoperative rehabilitation for
patients who undergo LSF. The survey was developed by a multidisciplinary team and
consisted of closed-ended questions divided into five categories: general information,
preoperative phase, operative phase, postoperative phase, and follow-up (outpatient)
phase.36 Nearly all surgeons surveyed provided pre-operative information on
postoperative mobilization, but only 27% of the Dutch surgeons and 35% of the Swedish
surgeons referred patients to pre-operative physical therapy. After surgery, 73% of the
Swedish surgeons recommended immediate mobilization while 63% of the Dutch
surgeons advised mobilization on the first postoperative day. The majority of the
surgeons in both groups agreed that early mobilization (sitting, standing, walking, stair
climbing) should be guided by a physical therapist. However, there was a lack of
consensus on when to return to other activities, with recommendations varying
considerably from the first postoperative day to more than six months.36 There was a
large variance between the Dutch surgeons and Swedish surgeons with regard to
postoperative physical therapy referral. Only 44% of the Dutch surgeons referred patients
to therapy compared to 88% of the Swedish surgeons. Of the surgeons who did refer to
therapy, advice on when to begin varied from immediately to nine to 12 weeks.
The findings of this study, which the authors believe is the first of its kind,
suggest variability in LSF rehabilitation protocols, particularly in the postoperative phase.
A major limitation of the study was the low response rate: approximately 38% for the
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Dutch surgeons and 34% for the Swedish surgeons. This increases the risk for bias, as
surgeons who are interested in rehabilitation may have been more likely to respond.
Therefore, the opinions of the responders may not entirely reflect clinical practice. In
summary, it is unclear which activities are allowed, at what times, and under what
circumstances.36 The authors noted that while physical therapy is supported in the
literature in both the pre- and postoperative phases, it seems to be less integrated in the
rehabilitation process. To date, there are no studies exploring the perspectives of spinal
surgeons in the United States with regard to postoperative LSF rehabilitation. Further
research is needed on the timing, duration, and type of therapy for optimal recovery and
endorsement of surgeons.36
In one of the earliest studies (1996-1999) on rehabilitation strategies for post-LSF
patients, Christensen et al37 randomized 90 participants into one of three treatment groups
at 3 months after surgery. At the time of recruitment, 15 to 40% of LSF patients were not
expected to improve significantly over a two-year period. The authors were hopeful that
optimization of rehabilitation would improve upon this outcome, and using the results of
previous studies that examined conservative versus operative intervention for LBP, they
included strength and postural training as well as psychosocial intervention in the study
design. The three groups consisted of a “Video” group, a “Café” group, and a “Training”
group. Patients in the video group were shown a video demonstration of a rehabilitative
exercise program. The exercises were designed to provide dynamic muscular training
“intended to gradually enhance the endurance capabilities of the back, abdominal, and leg
muscle groups.”37 Patients were given the opportunity to ask a physical therapist
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questions about the program, and received a videotape as well as written instructions to
take home. This method was the study hospital’s existing standard of care for spinal
fusion patients. Patients in the cafe group learned the same exercise program as those in
the first group, and received a videotape to take home, but they were additionally
encouraged to participate in a “back-café,” described as an informal meeting with a
physical therapist and other spinal fusion patients. The meetings, which were held three
times per week over a period of eight weeks, provided an opportunity for patients to
exchange experiences and receive psychological support. The third group received inperson, supervised physical therapy sessions twice weekly over a period of eight weeks.
The sessions included dynamic muscular training, conditioning, and stretching. Intensity
was progressed according to each individual’s tolerance. A training card was used to
record attendance, improve motivation, and help with progression of exercise intensity.37
Functional outcomes were measured at six months, 12 months, and 24 months
after surgery, and included numerical pain ratings and a physical capacity questionnaire.
Additionally, participants were asked to rate the influence of their back pain on their
relationships with immediate family, their sex life, and their future as a means of gauging
emotional and psychological capacity. The authors noted that there were no significant
differences between the groups for pain or physical capacity at baseline, which was the
third month after surgery. All groups reported a significant reduction in both back and leg
pain at baseline compared to pre-surgery ratings, indicating that the surgery resulted in
substantial pain relief within the first three months. There were no significant differences
in back pain between the groups at the two-year follow-up, however, the video group and
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café group reported significantly lower leg pain in comparison with the training group at
two years after LSF. The café group scored significantly better than the other two groups
in terms of physical capacity at the two-year follow up, and more of the participants from
the café group had returned to work. There were significant differences between the
groups at with regard to emotional capacity. For example, 39% of participants in the
video group reported that pain had influenced the status of their relationships with
immediate family at the one-year follow-up compared to the café group (11%) and the
training group (17%); however, this difference was not significant at the two-year follow
up. In response to the question, “Do you think back pain will influence your future?,”
80% of participants in the video group answered “yes” at the six-month follow-up
compared to the café group (52%) and the training group (64%), and this significant
difference continued at the one- and two-year follow ups as well. Interestingly, though, at
the two-year follow up, all participants were asked whether the spinal fusion had
improved their “quality of life.” 62% in the video group, 78% in the cafe group, and 79%
in the training group responded that the surgery had indeed improved their quality of
life.37
With regard to the results of the study, the authors first acknowledged that pain
relief is typically quite difficult to measure given its highly subjective nature. Since the
café group reported consistently lower levels of leg pain at short- and long-term followups, as well as superior physical capacity at long-term follow up, the psychosocial
element of the group sessions may have influenced participants’ ability to cope with pain.
Therefore, they hypothesized that effectiveness in coping with pain- using strategies to
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improve the ability to adjust to and overcome pain- is a determinant, and a predictor, for
outcome after LSF. The authors recommended the inclusion of coping mechanisms in
postoperative LSF rehabilitation and questioned the role of intensive exercise as an
intervention.37
In a prospective, randomized controlled trial with two-three year follow-up,
Abbott et al38 recruited 107 patients with complaints of back pain and/or sciatica present
for at least 12 months that was non responsive to conservative treatment, in order to
analyze the short- and long-term effects of psychomotor therapy compared to traditional
exercise therapy after LSF. This study was also one of the first to compare the
effectiveness of rehabilitation strategies implemented within the first three months after
LSF. The authors proposed the use of a combined motor relearning and cognitivebehavioral approach to postoperative rehabilitation that would emphasize the
interdependency of physical and psychological interventions. Whereas exercise therapy
encompasses physical training focusing on muscular strength, endurance, and
cardiovascular fitness, psychomotor therapy is the combined delivery of cognitive
behavioral and motor relearning interventions.38 The cognitive behavioral relearning
strategies are first implemented to improve self-efficacy, anxiety/depression, and fear of
movement or re-injury before motor control improvements occur. Then, positive
progressions into motor relearning reinforce improvements in self-efficacy,
anxiety/depression, and fear of pain.
The hypothesis was that early implementation of psychomotor therapy would
improve the patient’s functional disability, pain, quality of life, and psychological
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wellbeing more than exercise alone after a lumbar fusion.38 The first group (exercise
therapy group) received home exercise program instruction prior to discharge from the
hospital consisting of “dynamic exercises intended to gradually enhance the endurance
capabilities of the back, abdominal and leg muscles, stretches and cardiovascular
exercise.”38 Patients were instructed to progress the intensity and quantity of exercises
based upon their pain, advised to follow certain activity restrictions, and given a selfreport diary that was used to evaluate compliance with exercise and instructions. The
second group (psychomotor therapy group) received the same home exercise program
instruction and activity restrictions as the exercise group. In addition, also prior to
discharge from the hospital, these patients were instructed in a lumbopelvic stabilization
exercise program based on a graded motor relearning approach. This program was
progressed in one 90-minute long outpatient physical therapy session at three, six, and
nine weeks after the operation. Patients were also asked to keep a self-report diary.
The primary outcome measure was the ODI and secondary measures included a
VAS for pain, the European Quality of Life Questionnaire (EQ-5D), the mental health
subscale of the Medical Outcome Study Short Form (SF-36), the Self-Efficacy Scale
(SES), the Back Beliefs Questionnaire (BBQ), the Tampa Scale for Kinesiophobia
(TSK), and subscales of the Coping Strategy Questionnaire (CSQ). Information on work
status, sickness leave, external health care use, analgesic use, treatment satisfaction,
training frequency, and reoperation rates were collected two to three years after surgery
from a patient reported questionnaire. Both psychomotor therapy and exercise therapy
significantly improved in all outcome measures from baseline to two-three years post
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fusion. However, the psychomotor therapy group scores improved significantly more for
ODI, SES, BBQ, and TSK compared to the exercise group at three, six, 12 months, and
2-3 years after surgery. The psychomotor therapy group’s back pain VAS at three and six
months, EQ-5D at 12 months, and subscales of the CSQ at six months and two-three
years were significantly more improved than the exercise therapy group. More patients in
the psychomotor therapy group were working 2-3 years after the operation, and a
statistically different 64.6% of exercise therapy group participants compared with 42.9%
of psychomotor therapy group participants sought external health care for continued back
pain after the study’s intervention completion. Although it was non-significant, the
psychomotor therapy group had a higher incidence of reoperation (22.6%) compared to
the exercise therapy group (9.3%) at 2-3 year follow-up.38 The magnitude of this
difference could be clinically relevant, but the authors note that the study only provides
speculation, as it is underpowered in its ability to detect group differences in reoperation
rate. The reoperation rates for both groups were within a normal range according to
previously published data, which would suggest that there was no adverse effect of early
training.38
The authors concluded that their results support early implementation of
psychomotor therapy after LSF. Their findings are in keeping with Christensen et al37 in
terms of demonstrating the importance of a biopsychosocial approach, and add new
knowledge of the effects of early initiation of training.38
Oestergaard et al39 investigated further on the timing of rehabilitation after LSF.
In a multi-center, randomized clinical trial, 82 patients undergoing LSF for degenerative
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disc diseases were assigned to begin a rehabilitation program six weeks or 12 weeks after
surgery. Both groups received the same program, which was inspired by the Christensen
protocol.37 Participants attended four two-hour sessions in small groups of three-six
people. Each session began with a 20-minute group discussion for psychological support.
Patients talked about experiences of pain and physical incapacity, problems, and
solutions in performing activities of daily living. Next, a physical therapist instructed the
patients in home exercises, focusing on active stability training of the trunk and large
muscle groups. Exercise balls and elastic bands were used as tolerated. Participants were
also educated on proper ergonomics and posture for work and activities of daily living by
an occupational therapist.39
The primary outcome measure used was the ODI. Secondary measures selected
included the Dallas Pain Questionnaire, the Low Back Pain Rating Scale, and return to
work. Parameters were measured at baseline and again at six weeks, three months, six
months, and one-year post surgery. For the ODI at the six-month follow-up, the six-week
group achieved a reduction of -6 points (-16,0) and the 12-week group achieved a
reduction of -15 points (-29, -6). Results were also different between the groups at the
one-year follow up, with the 6-week group reporting a reduction of -5 (-19, 4) compared
to a reduction of -20 (-30,-7) in the 12-week group. This tendency was also found in the
secondary outcome measures at six months and one-year follow-up. The 12-week group
demonstrated significant and clinically relevant improvements in functional mobility,
activities of daily living, and LBP compared to the 6-week group.39 The authors
acknowledged surprise regarding the results of the study. Interestingly, a sub-analysis
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was performed on the eight patients in the six-week group who performed at least as well
as the 12-week group based on the ODI, characterized by a mean age of 57 years and a
body mass index of 27. Half of these patients were male, four were employed, one was
unemployed, and three were retired. It was not possible to distinguish these patients from
the six-week group. The most important limitation of the study was a 17% dropout rate,
though the authors state that more than half of the dropouts were due to re-fusion not
associated with the rehabilitation program.39
Given these findings, this study offers a different and important perspective on
“fast-track” rehabilitation that appears to contradict the recommendations of the earlier
studies. In their discussion, the authors note “optimal timing of the rehabilitation may be
just as important as the elements of the rehabilitation itself,” adding another piece to the
complex puzzle of post-LSF rehabilitation.39
Very recently, Madera at el12 conducted a systematic and comprehensive review
of the existing literature regarding post-LSF rehabilitation. Two authors initially obtained
1,850 articles from multiple electronic databases up until November 2014. After
screening for eligibility, only 21 articles with I or II levels of evidence were included for
review. The findings of the literature review were then divided into groups: general
rehabilitation terminology, timing and duration of post-fusion rehabilitation, the need for
rehabilitation relative to surgery-related morbidity, rehabilitation’s relationship to
outcomes, and cognitive and psychosocial aspects of postsurgical rehabilitation.
According to the authors, it became necessary to establish common definitions for the
components of rehabilitation, as they encountered a variety of terms that held different
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meanings for different care provider classes. In the majority of the studies, post-LSF
rehabilitation was poorly defined and descriptions of the components of postoperative
rehabilitation programs were rarely offered, but a few shared themes emerged. The most
common components were: cardiovascular exercise, soft tissue mobilization, nerve
mobilization, motor control and strengthening, joint mobilization, patient education,
timing and duration of post-fusion rehabilitation, need for rehabilitation relative to
surgery-related morbidity, rehabilitation’s relationship to outcomes, and psychosocial
considerations.12
The North American Spine Society (NASS) strategy for grading of evidence and
recommendations was utilized for the various components of post-fusion rehabilitation.
After completing the analysis, the authors concluded that current evidence supports
formal rehabilitation after LSF regardless of number of spinal segments fused or degree
of invasiveness of the operation. Early mobilization, such as a walking program, is
recommended immediately following surgery, with supervised physical therapy to begin
two-three months postoperatively. Cardiovascular exercise and motor control exercises to
improve core strength should be included in an exercise protocol. Patient education is
well supported, and can serve as “the cornerstone of rehabilitation” by reducing anxiety
and increasing patient empowerment and satisfaction both before and after surgery.12
While there was insufficient evidence to make an argument for or against joint
mobilization, nerve mobilization, or soft-tissue mobilization as part of a postoperative
program, care providers can consider these treatment options on an individual basis.
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In summary, rehabilitation after LSF “means different things to different
people.”12 Most providers recognize that patients will benefit from postoperative
rehabilitation, but they lack a clear understanding of what that rehabilitation should
include and why. This is not surprising, given that the literature is lacking in high-quality
evidence to answer many questions regarding the optimal timing, duration, and type of
postoperative program. When they are utilized, most programs do not begin until six-12
weeks after surgery, and the descriptions of exercise protocols are vague. Though care
should be taken to prevent stress at the newly fused spinal segments during the early
recovery period, research has shown that even short periods of muscle disuse lead to
negative health consequences.40 Therefore, additional research is required to develop an
active, patient-driven protocol that is safe and effective for early post-LSF rehabilitation.

LUMBAR SPINAL STABILIZATION
In order to maintain spinal stability, Panjabi33 hypothesized that a balanced
interaction among three subsystems is necessary: active (contractile tissues such as
muscles and tendons), passive (the bony structure comprising the spine and ligaments),
and the neuromuscular control system (the neural control center and
mechanoreceptors).33, 41 Damage or dysfunction in one subsystem requires the other two
subsystems to compensate, which could lead to altered movement control.33
A common conceptualization of lumbar spine stability shows the musculature
surrounding the spinal vertebrae forming a cylinder. The diaphragm forms the top of the
cylinder, the pelvic floor serves as the bottom, and the cylinder wall consists of the
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abdominal and posterior spinal musculature, specifically the TrA and the segmental fibers
of lumbar multifidus.42 Studies have demonstrated that “a combination of spinal muscle
forces and appropriately timed muscle activity has been found to be necessary to
maintain ideal spinal function during movements.”43-45
In addition to the TrA and multifidus, 28 other pairs of muscles have been
identified as helping to stabilize the spine and pelvis during functional movement.46
However, there are differences in opinion with regard to which muscles play a more
important role in the provision of dynamic stability and segmental control. Bergmark47
proposed the presence of two muscle systems necessary for spinal stability. The first, a
global muscle system, consists of large, torque-producing muscles such as the rectus
abdominis, external oblique, and lumbar iliocostalis. These muscles act on the trunk
without being directly attached to it, and are capable of providing general trunk stability,
but do not provide direct segmental influence.47, 48 The second, a local muscle system,
includes muscles that directly attach to the lumbar vertebrae, such as the lumbar
multifidus, TrA, and IO. These muscles are responsible for providing direct control and
stability to individual lumbar segments.47 McGill et al44 caution against placing too much
emphasis on only one or two muscles acting as the most important stabilizers, and argue
that this approach may be detrimental to achieving “the balance in stiffness needed to
ensure stability throughout the changing task demands.”44 McGill and other
biomechanists place importance on the larger, prime mover muscles, such as the psoas
major, quadratus lumborum, abdominal obliques, and paraspinal muscles.42, 44 Ultimately,
it is important that small stabilizer muscles work together with large mobilizer muscles.
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In theory, if only the global mobilizer muscles are trained, a muscular imbalance may
develop because they take over the role of the local stabilizer muscles. This could result
in restricted, compensatory movement patterns that are less efficient.49 Therefore, it is
important that both systems (local and global) be integrated to establish normal trunk
function.
In patients with LBP, it has been shown that the deep layer of lumbar spine
muscles experience more atrophy and decreased contraction speed when compared to
healthy controls.50 This damage and muscle weakening can lead to disc degeneration,
spinal instability, and pain. Previous imaging studies of patients with LBP have
demonstrated that spinal instability and progressive spinal dysfunction cause atrophy of
the paraspinal, multifidus, and psoas major muscles.50 In a study using MRI to examine
the multifidus and psoas major muscles in patients with unilateral LBP, atrophy of the
multifidus was found in 80% of the patients.50 Other studies employing CT scans and
ultrasound have reported smaller cross-sectional areas of the psoas major, multifidus, and
paraspinal muscles in patients with LBP compared to healthy subjects.50-52
The TrA, the deepest of the four abdominal muscles, has also been studied
extensively in patients with LBP, as it is of key importance as a spinal stabilizer. Owing
to its anatomical connection to the lumbar spine, it is able to provide local segmental
stability in addition to assisting with general trunk control.43, 45, 53-55 The upper, middle,
and lower fibers of the TrA provide stability to the thorax, increase tension of the
thoracolumbar fascia, and decrease sacroiliac joint laxity respectively.56-58 In a study
comparing patients with LBP to asymptomatic controls, researchers found evidence of
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delayed activation and altered recruitment patterns of the TrA and IO muscles in patients
with LBP.59-61 They hypothesized that the delay in neuromuscular response contributed to
instability of the spine, which ultimately resulted in pain.59, 62 Exercises that target the
TrA muscle are often incorporated into rehabilitative exercise programs for patients with
LBP with the goal of re-establishing favorable muscle recruitment patterns, optimizing
stability, and decreasing pain.61 There is evidence to show that just one session of deep
abdominal muscle contraction training can result in improved onset of muscle activity.63
Lumbar spinal stabilization exercises attempt to strengthen the muscles that corset
the lumbar spine to improve local muscular and functional control of the lumbopelvic
region.57 These types of exercises are sometimes referred to in the literature as “motor
control” exercises, or “core” stabilization or strengthening exercises. The use of multiple
terminology leads to confusion, as there is much overlap between the exercises included
in a motor control protocol and a core stabilization exercise program. However, there are
slight differences in the definitions and concepts for each of these terms depending upon
the context in which they appear. For example, in a systematic review of the use of motor
control exercises as an intervention for individuals with LBP, the exercises are described
as “focusing on activation of the deep spine muscles (i.e. TrA and lumbar multifidus) to
restore control and coordination of the spine.”64 The principles of core stability exercise
can vary between studies, as what is physiologically referred to as “the core” fluctuates
among different authors. Akuthota et al46 acknowledge that the TrA is a vital component
of the core. However, the authors also place emphasis on larger, global muscles, and
include the hip musculature, diaphragm, and pelvic floor muscles in their example of an
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evidence-based core stability program. Additionally, Hibbs et al49 argue that core stability
and core strength deserve more precise definitions. For example, when the focus is on
rehabilitation after an injury, the goal is usually to enable the patient to perform everyday
(low load) tasks using exercises that emphasize the control of spinal loading. Compared
to an elite athlete who must maintain stability during highly dynamic or highly loaded
movements, this requires less core stability and core strength. Because the anatomy
involved in sports activities involves much more of the body (i.e. shoulders and knees) to
transfer forces in order to produce effective sports techniques, this should logically result
in a different definition of core stability and strength, and require a much different
training program to achieve goals.49 Ultimately, a spinal stabilization exercise program
can be identified by its objective of targeting the local and/or global muscles that
contribute to spinal stability.
In fact, McGill et al44 assert that any exercise can be a stabilization exercise: it
depends upon the way in which it is performed. Ideally, a spinal stabilization exercise
aims to activate, train, and/or restore the function of the intrinsic muscles of the lumbar
spine (the “cylinder wall”). A good stabilization exercise that is performed properly will
“groove” motor patterns that ensure a stable spine.44 Achieving sufficient stability is not
simply a matter of strengthening a few targeted muscles, it is a dynamic objective that
requires coordinated activation patterns of multiple muscles.44 Numerous studies have
utilized this form of exercise as an intervention for patients with chronic LBP.55, 57, 65, 66
The American Physical Therapy Association (APTA) clinical practice guidelines for
LBP, published in 2012 by the orthopedic section of the APTA, also supports the role of
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spinal stabilization and trunk strengthening exercises. As stated by the guidelines, there is
strong evidence to support the use of trunk coordination, strengthening and endurance
exercises, with clinicians encouraged to implement “moderate- to high-intensity exercise
for patients with chronic low back pain without generalized pain,” and incorporate
“progressive, low-intensity, submaximal fitness and endurance activities into the pain
management and health promotion strategies for patients with chronic low back pain with
generalized pain.”67
One of the earliest studies evaluating the effectiveness of specific stabilization
exercises was conducted by O’Sullivan et al48 in the mid-1990s. The randomized
controlled trial recruited 44 patients with diagnoses of lumbar spondylolysis or
spondylolisthesis, and assigned them to one of two groups for a 10-week intervention.
The authors hypothesized that although the integrity of the passive stabilizing structures
of the spine had been compromised due to chronically symptomatic spondylolysis or
spondylolisthesis, the neuromuscular system could be trained to compensate, by
providing dynamic stability to the segment. The first group served as the control group
(CG), and participants performed generalized exercise (walking, swimming, gym
activities) each week. The second group, referred to as the Specific Exercise Group
(SEG), was instructed in a standardized stabilization exercise program by a physical
therapist.
The exercise program targeted the IO, TrA, and lumbar multifidus muscles. The
program began with the participants learning to specifically contract the deep abdominal
muscles without substitution from larger muscle groups. The ADIM, an isometric
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contraction involving a low-level of maximal voluntary contraction, was used to achieve
co-activation of the deep abdominal muscles and the lumbar multifidus.
When participants were able to successfully achieve the co-contraction, the
exercises were progressed by applying low load on the muscles by means of adding
leverage through the upper and lower extremities. Participants were asked to perform the
exercises at home each day. The specific exercise program was progressed throughout the
intervention period by incorporating functional movements and positions, and eventually
including some daily activities that had previously caused aggravation of the participant’s
symptoms.48 Participants were encouraged to use the ADIM in situations where they felt
or anticipated pain, or experienced a feeling of instability. For example, participants who
complained of pain during sitting or standing were encouraged to perform a gentle,
sustained co-contraction while in these positions during the day. If certain movements,
such as bending, were known to aggravate symptoms, the participant was trained to
perform the co-contraction before initiating the movement.
The MPQ was used to assess participants’ average symptoms throughout the
intervention period, and the ODI was selected as the disability measure. Sagittal plane
range of motion measurements using a digital inclinometer were taken of the lumbar
spine and hips, and surface EMG was employed to analyze the activity of the rectus
abdominis and IO muscle during the ADIM. A two way repeated measures analysis of
variance was performed to assess differences between and within groups at the follow-up
periods (three, six, and 30 months). Analysis of differences within each group after the
intervention demonstrated significant differences in the SEG, with a decrease in pain
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intensity (F 1,20 = 75.5, p < 0.0001) and reduction in disability level (F 1, 20 = 49.1, p <
0.0001).48 The CG had no significant differences in pain or disability scores after the
intervention. Analysis of the degree of change in each group revealed significant
differences between the CG and SEG on the basis of pain intensity (F 1,20 = 55.5, p <
0.0001) and functional disability (F 1,20 = 34, p < 0.0001).48 Importantly, these significant
reductions were maintained at the 30-month follow-up period. No significant changes in
lumbar spine sagittal mobility were detected within or between the groups after the
intervention period, but the SEG group demonstrated statistically significant increases in
hip flexion and extension range of motion. Results of the surface EMG analysis were
reported in a separate paper.
The results of the study support the authors’ initial hypothesis that training of the
specific lumbar stabilizer muscles is effective at reducing pain and functional disability in
patients with chronic spondylolysis or spondylolisthesis. Returning to Panjabi’s
hypothesis of stability, the findings of this study support the theory that lumbar spine
stabilization is not solely dependent upon the basic morphology of the spine, but also on
optimal functioning of the neuromuscular system. Thus, in situations of compromised
spinal morphology, the muscles considered to provide dynamic stability to the lumbar
spine may be trained to compensate during every day activities.48 One limitation of this
study was the lack of any structured program given to the control group. Participants
were given very general instructions for exercise, and some reported attending other
treatment sessions, including supervised exercise and applications of heat, ultrasound,
and massage. It may have been more valuable to compare stabilization exercises to
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another specific intervention or exercise program. However, this study was one of the
first of its kind and opened the door to further research on spinal stabilization exercise
training.
A study published in 2013 by Moon et al66 compared lumbar stabilization
exercises and dynamic strengthening exercises targeting the lumbar spine on pain,
disability, and strength of the lumbar extensor muscles in patients with chronic LBP.
Patients recruited for the study reported nonspecific LBP, without radiculopathy, present
for more than three months. Exclusion criteria were stringent; patients who had
previously undergone spinal surgery, patients who had been prescribed exercise therapy
in the past, and patients with structural abnormalities such as scoliosis, kyphosis, or
spondylolisthesis were all excluded from participation.
Twenty-four participants were randomly assigned to either the stabilization
exercise group or the dynamic strengthening group, and each participant attended two
exercise sessions each week. Sessions were supervised by an experienced physical
therapist, who monitored participants for correct positioning and technique. The
stabilization program included 16 exercises aimed at strengthening the TrA, lumbar
multifidus, and IO muscles. All exercises were performed with the lumbar spine in a
neutral position, and some employed the use of a stability ball. The dynamic
strengthening program consisted of 14 exercises targeting the erector spinae and rectus
abdominis. These exercises included trunk motion, such as curl-ups, and a combination
of upper and lower extremity movements. For both groups, 10 repetitions of each
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exercise were performed with a one-minute rest break in between different exercises, and
exercise intensity was increased gradually according to each participant’s tolerance.
The VAS was used to assess LBP and the ODI was selected for evaluation of
functional disability and quality of life. Lumbar extensor strength was measured with a
MedX lumbar extension machine, which fixes the pelvis, thigh, and knee to ensure
complete stabilization during measurements of extensor strength at various flexion angles
ranging from 0 degrees to 72 degrees.66 Strength tests were conducted at seven different
angles, and the differences in maximal isometric strength were compared between the
groups for each angle. Baseline measurements were taken prior to starting the study and
again after completion of the exercise program at eight weeks.
Both stabilization and dynamic strengthening exercises increased the strength of
the lumbar extensor muscles. Compared to baseline measurements, strength tests at all
angles of lumbar flexion improved significantly, with larger increases demonstrated by
the stabilization group at the zero degrees and 12 degree angles.66 All participants
reported significant decreases in pain as measured by the VAS, but the difference
between the two groups was not significant. Interestingly, ODI scores were significantly
improved from baseline in the stabilization group, but not in the dynamic strengthening
group.
The major limitations of this study were the small sample size and lack of longterm follow up. Additionally, and likely due to the lack of a formal description of
stabilization exercises that the authors noted, the stabilization program included several
exercises that were also part of the dynamic strengthening program. Because of this, it
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could be argued that the stabilization program was a more comprehensive exercise
program, targeting more of the core muscles than the dynamic strengthening protocol.
However, the objective measurement of trunk extensor strength in addition to the patientreported outcomes is of value. Overall, the results suggest that lumbar stabilization
exercises may be more effective at reducing disability in patients with LBP. This is also
encouraging for patients who may not be able to perform dynamic movements, such as
those recovering from spinal surgery.

SPINAL STABILIZATION EXERCISES POST LUMBAR FUSION SURGERY
The magnitude of change in neuromuscular control of the lumbar spinal stabilizer
muscles remains unclear immediately following surgery. A study by Wang et al32 utilized
surface electromyography to observe changes in muscle activation patterns of the trunk
and lower extremities after LSF. Nineteen participants who underwent a minimally
invasive LSF were recruited at one month after surgery to perform a forward reaching
task and 19 age- and gender-matched, healthy participants were recruited as controls.
Eight pairs of muscles, including the rectus abdominis, rectus femoris, tibialis anterior,
erector spinae, multifidus, gluteus maximus, biceps femoris, and gastrocnemius, were
monitored via wireless surface electrodes during the reaching task. The authors
hypothesized that the patients who underwent LSF would exhibit compensatory muscle
activation patterns due to impaired function of the back muscles. Indeed, when compared
to the controls, the post-surgical patients displayed decreased muscle activity and shorter
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reaching distance, with a tendency to rely more on the leg muscles and less on lumbar
extensor muscles.32
As evidenced by the studies referenced earlier, the majority of the research on
postoperative patients features the posterior trunk muscles, such as the lumbar paraspinals
and multifidus, as they are directly affected via the surgical incision, exposure, and
retraction. The deep abdominal muscles, such as the TrA and IO, which operate in
conjunction with the trunk extensors to contribute to spinal stability, have been studied in
patients with LBP, but there is no research on the effects of LSF on performance or
function of these muscles.32, 43, 45
One such study, conducted by Teyhen et al,61 employed RUSI to study changes in
lateral abdominal muscles in those with LBP. The purpose of the study was to determine
whether these individuals displayed diminished or asymmetric activation in TrA and IO
muscle thickness during an ADIM. Fifteen participants with unilateral LBP were
recruited to participate in the study, and were matched for age and gender with 15
asymptomatic controls. Potential participants with LBP were screened with a physical
examination, and determination of LBP was based on at least one positive sacroiliac
provocation test and a positive active straight leg raise test.
With participants in a supine, hook-lying position, the ultrasound transducer was
placed on the anterolateral aspect of the abdominal wall, and instructions were given to
“gently draw in your lower abdomen,” to elicit the ADIM. Bilateral images were
captured, and muscle thickness measurements were made in the center of the muscle
bellies for the TrA and IO. Although there were no significant differences in percent
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change of muscle thickness between the symptomatic and asymptomatic sides in the
participants with LBP for either the TrA (p = .263) or IO (p = .172), individual
asymmetries were evident, with mean values for the muscles ranging from 10.2-18.8%.61
The most important finding was a 20.9% greater percent change in TrA muscle
thickness during the ADIM in the asymptomatic control group (p = .03). In the
participants with LBP, the TrA thickened 45% to 49% on average, while the internal
oblique thickened 8% to 12%. In the control group, the TrA thickened 65% to 67% on
average, while the IO thickened 13% to 18%. The findings demonstrate that the ADIM
results in preferential activation of the TrA regardless of LBP. The results also indicate
that individuals with LBP may have a diminished ability to activate the TrA.61
A limitation of this study is its inability to answer the question of whether the
diminished TrA muscle thickness change in the participants with LBP would normalize
with training. The authors also theorize that it is possible the deficit may not be
significant enough to interfere with outcomes in response to a motor control or spinal
stabilization exercise program that incorporates the ADIM. This identifies a need for
future research to assess muscle function during exercise performance in individuals with
LBP. Exercises that are commonly used for restoration of motor control in the
lumbopelvic region should be investigated for their ability to activate specific muscles.61
A rehabilitative exercise program after LSF must account for important factors
such as bony and soft tissue healing, and restriction of certain movements (excessive
spinal flexion and rotation) during fusion consolidation. The extended healing period,
which usually takes three to six months, makes postoperative care especially important.
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Tarnanen at el11 recognized the need for further investigation on strengthening exercises
that would be effective but would also minimize strain on the fused segment(s) after LSF.
The authors studied the effect of a selection of neutral spine control exercises on trunk
muscle activation in patients who underwent LSF. Surface EMG was used to measure the
muscle activity of the rectus abdominis, external oblique, longissimus, and lumbar
multifidus while the participants performed six trunk strengthening exercises. Pain was
also assessed by the VAS during each exercise. Study results demonstrated that neutral
spine control exercises effectively activated the targeted trunk muscles with minimal
associated pain. The authors concluded that these exercises would be appropriate for
inclusion in a postoperative LSF exercise program to improve muscle strength and
endurance, and recommend a progressive, intensive rehabilitation program.11
As Tarnanen suggested, an ideal, evidence-based stabilization program should
progress through stages of gradually increasing intensity, with active participation
emphasized. Akuthota et al46 state that the first priority is motor re-learning of inhibited
muscles, as a lack of proper muscular coordination could result in compensatory
movement patterns. Local muscles are typically targeted first, as they provide direct
control and stability to individual lumbar segments. Initial exercises are usually
performed in supine, hook-lying, prone, or quadruped positions with the lumbar spine in
a neutral position.46 In this first stage, patients learn to activate the deep core musculature
with basic lumbo-pelvic stability exercises. Two methods commonly employed to
achieve this are abdominal hollowing and abdominal bracing exercises. Hollowing
exercises concentrate on contraction of local muscles.68 For example, the ADIM is an
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isometric contraction that facilitates co-activation of the TrA and lumbar multifidus.46, 57,
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It is frequently used as a foundational basis for spinal stabilization exercises, and is

described as a slow, gentle “abdominal hollowing.”69 Patients are instructed to draw the
navel toward the spine, resulting in a feeling of deep tension in the abdominal wall. This
contraction is then held for a period of time, while the patient is instructed to breathe
normally. Compensatory movements such as breath holding, tilting of the pelvis, visual
contraction of the external oblique muscle, or pressing of the heels into the floor are all
signs of incorrect performance.69 Abdominal bracing, on the other hand, contracts local
and global muscles at once. Instead of a drawing-in action, the contraction is performed
by pushing the abdomen out externally.68 It remains unclear which activation technique is
preferred, as there is conflicting evidence in the literature. Grenier and McGill concluded
that bracing exercises produced better results than hollowing exercises, but Richardson et
al argued that hollowing exercises supported better stability.68
Whether a bracing or hollowing technique is used to achieve activation of the
deep core musculature, the next progression is to add small movements of the
extremities, such as heel slides, leg lifts, “dead bugs” (contralateral arm and hip flexion)
and bridges. Paraspinal and multifidus muscles are typically recruited in prone or
quadruped positions with movements of upper and/or lower extremities. Careful attention
should be paid to keeping the lumbar spine and pelvis in a neutral position during
exercise performance. Once the patient demonstrates good control with the initial, static
exercises, progressions can be made to incorporate different positions and unstable
surfaces.46
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CONCLUSION
Considering the evidence of trunk muscle dysfunction that has been observed in
patients with LBP, and the known muscle damage that results from LSF, rehabilitation
incorporating low-load stabilization exercises has the potential to improve patient
outcomes.11, 30 Along with immediate mobilization, instruction in a program of low-load,
neutral spine stabilization exercises within a few days after surgery may assist in earlier
restoration of the intrinsic muscles of the lumbar spine. In the long-term, it may also offer
some protection against development of adjacent segment disease.11 There is a distinct
need for more research on the short-term and long-term effects of a spinal stabilization
exercise program on pain, disability level, and physical function in postoperative LSF
patients. This necessitates further exploration of spinal surgeons’ perceptions of recovery
after LSF to better understand their insights, recommendations, and concerns regarding
rehabilitation and patient outcomes. There is evidence needed to demonstrate that lowload, neutral spine exercises effectively activate specific muscles that contribute to
lumbar spinal stability. Finally, a trial comparing early implementation of a spinal
stabilization exercise program to the current standard of postoperative care, with
thoughtful selection of outcome instruments, is necessary to determine whether patient
outcomes are improved after LSF.
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CHAPTER III
SPINAL SURGEONS’ PERCEPTIONS OF REHABILITATION AND RECOVERY
AFTER LUMBAR SPINAL FUSION SURGERY
To be submitted for publication in the journal
Qualitative Health Research
Kathryn Sawyer, Carolyn DaSilva, Toni Roddey, Jennifer Ellison, Katy Mitchell

Introduction
LSF is the standard surgical treatment for a variety of spinal conditions, such as
trauma, deformity, spondylolisthesis, and degenerative causes (Rajaee, Bae, Kanim, &
Delamarter, 2012). Studies have reported a significant increase in the frequency and
utilization of LSF in the United States over the past three decades (Madera et al., 2017;
Mannion, Brox, & Fairbank, 2015; Rajaee et al., 2012). However, the literature suggests
post-LSF outcomes can be unpredictable and defining success after surgery is
challenging (Carragee & Cheng, 2010; Mannion et al., 2015; Nyström, 2012).
One factor that adds to the complexity of LSF is the lack of evidence-based
guidelines for the use of rehabilitation in the postoperative setting. Conseqeuntly, van Erp
et al. reported that a wide variability of practice between spinal surgeons exists
concerning factors such as hospital stay, discharge criteria, follow-up frequency, and
outcome measures used after LSF (van Erp et al., 2017). Madera at el also observed
variation among healthcare providers in the rates of utilization of postoperative
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rehabilitation, types of modalities requested, and the timing of such treatments relative to
surgery (Madera et al., 2017).
The lack of standardization is somewhat concerning considering the potentially
poor consequences of LSF. Though minimally invasive surgical techniques have been
developed in an attempt to reduce muscle injury that can occur during LSF, some damage
is unavoidable due to the muscle dissection required to perform the operation (Hu,
Leung, Lu, & Luk, 2006; Kim et al., 2016; Pao, Yang, Hsiao, & Hsu, 2014; Wang, Pao,
Yang, Jang, & Hsu, 2015). Previous studies have reported decreased trunk muscle
thickness, accelerated muscle atrophy, and fatty infiltration following LSF, which could
ultimately result in altered muscle performance and coordination (Kim et. al, 2016).
Additionally, the impact of segmental immobilization on overall spinal kinematics after
LSF must be taken into consideration (Madera et al., 2017).
There is a role for rehabilitation after LSF, but more research is needed to
determine the optimal timing, duration, and type of physical therapy for improved patient
outcomes. The purposes of this study were to assess spinal surgeons’ perceptions of
rehabilitation and recovery in patients post-LSF, learn about their utilization of formal
physical therapy (PT) following surgery, and identify any barriers that may prevent them
from referring patients to PT. The research question was, “What are surgeons’
perceptions of rehabilitation after LSF surgery?”
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Methods
Participants
Six spinal surgeons were recruited through convenience and snowball sampling.
Five surgeons practiced in Houston, Texas, and one surgeon practiced in San Antonio,
Texas. The inclusion criteria were surgeons currently practicing and performing LSF
surgery. Demographics for the participants can be found in Table III-1. All participants
signed an informed consent form approved by the Institutional Review Board of Texas
Woman’s University prior to starting data collection.
Table III-1
Demographic Characteristics
Characteristic
Gender
Male
Age
Race
White
Asian
Years in Practice

Mean (range, SD)
6
46.8 (35-63, 11.1)
5
1
14.1 (3-30, 11.4)

Note. SD = standard deviation

Procedures
This study employed a qualitative research approach to assess the spinal
surgeons’ perceptions of outcomes and rehabilitation strategies after LSF. The
investigator met face-to-face with each surgeon to conduct and audio-record the semistructured interview in a quiet room. Open-ended questions were asked to encourage the
surgeon to describe his experiences and opinions about postoperative rehabilitation and
optimal outcomes after surgery. Questions focused on the surgeon’s definition of success
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after LSF, preferred outcome assessments, current postoperative protocol, use of formal
PT following LSF, and thoughts on the role of spinal stabilization exercises in
postoperative rehabilitation. See Appendix for the interview guide. A digital voice
recorder was used to record the session. The recording was transcribed verbatim in its
entirety and assigned a number in order to maintain confidentiality. Transcripts were
emailed to the surgeons for member checking to ensure an accurate portrayal of their
opinions and perceptions.
Data Analysis
A content analysis approach was used to assess the data (Hsieh & Shannon,
2005). Transcripts of three participants were independently coded first by KES and CDS
to facilitate consistency and accuracy, and the rest were completed by KES through lineby-line coding. Coded words and meaningful phrases were written onto index cards,
which were organized into initial categories and groups. KES and CDS used a bulletin
board to post the cards in columns and rows for better visualization and easier groupings
as categories, subthemes, and themes emerged. A diagram was created and modified to
illustrate this organization of the data better. KES and CDS determined that data
saturation was attained after reviewing the six transcripts (Saunders et al., 2018).
Results
The six spinal surgeons who participated in the study had been in practice ranging
from three to 30 years. Each interview required approximately 30 minutes to complete.
The surgeons typically provided quick and concise answers to the questions asked, and
follow-up prompts were used frequently to elicit more detail and elaboration of
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responses. For example, when asked for their definition of success after LSF, surgeon 3
(S3) replied, “Getting people back to doing what they want to do, activity-wise,” and S5
simply responded, “Happy patient.” However, when prompted to talk about how he
would measure the “happiness” of the patient, S5 answered,
You know what, it’s different from person to person. There’s going to be
tangible and intangible ways to measure that. What we like to see as surgeons is
improvement of their neurological deficits, but what I would prefer to see is
someone who’s very satisfied with their outcome. So, it’s hard to measure. You
know, those can be measured with outcome measures, but for me it’s more just a
person who’s grateful and satisfied with what we’ve done. (S5)
The five themes that emerged from the analysis of the coded interviews were
similar to progressive phases that a patient undergoing LSF would follow: surgery, acute
post-surgical, surgical follow-up, outpatient PT, and long-term healing. Within each
theme were subthemes, and finally, two overarching themes that emerged were outcomes
and concerns. Figure I-2 illustrates these results.
Subthemes of surgery included challenge, helping people, and contributing to the
field. All six surgeons discussed the challenges involved with performing spinal surgery,
such as the technical difficulties associated with surgical techniques, and the complexity
of the diagnostic process prior to the operation as enjoyable aspects of their jobs.
I thought that spinal surgery would be the most challenging subspecialty
within orthopedic surgery. I knew I wanted to subspecialize and I felt there was
going to be much more room for advancement and progress to be made in the
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world of spine surgery as compared to the other subspecialties of orthopedic
surgery. (S1)
S3 answered that what drew him to spinal surgery was “the complexity of the
patients, the ability to take a bad problem and help the patients, basically, and give them
their quality of life back.”

Figure I-2. Themes, sub themes, and categories.

Cardiovascular exercise, precautions, and deconditioned patients were subthemes
under acute post-surgical. All surgeons emphasized the importance of physical activity
immediately following surgery, specifically mentioning a walking program. “Walk 30
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minutes twice a day for the first three weeks,” is one example of a surgeon’s
recommendation for cardiovascular exercise following LSF. Others reported encouraging
stationary bicycling and swimming in addition to walking. Four of the six surgeons
brought up postoperative precautions, such as avoidance of bending, lifting, and twisting
movements, as an important aspect of the acute post-surgical phase. The “deconditioned
patient” was described by several of the surgeons in both positive and negative contexts.
I think exercise is critical. I think the average person, by the time they get to the
point of needing a spinal fusion, is very compromised from an overall health
perspective. Their ability to exercise on a day to day basis is grossly impaired
because of increased pain associated with exercise. (S1)
When talking about patients’ recovery in the immediate postoperative period, S2
agreed that deconditioned patients might need extra help from a physical therapist, but
also observed “You’d be surprised. Really, for the most part, most of them really do
pretty well . . . most of them will do okay if they just walk.”
Subthemes within surgical follow-up included quality of life, symptom resolution,
return to activity, and happy patient. Within symptom resolution, there were two
categories of pain and neurological deficits. Each surgeon talked about returning patients
to their activities of daily living and improving their quality of life as top priorities.
“When patients feel like they’ve had a significant improvement in their quality of life,”
was one response to a question about ideal outcomes after surgery. S6 offered further
insight with “I think I would immediately say it’s a happy patient, someone who has
resolution of their pain, their numbness or weakness or whatever they came in to see me
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for. And they get back to their life.”
The fourth theme, outpatient PT, revealed the most variation in opinions. The
subthemes “customized exercise program,” “core is key,” and “aggressive but not too
aggressive,” were taken verbatim from the surgeons’ responses to questions about PT and
rehabilitation after LSF. Two surgeons reported sending 100% of their patients who
undergo LSF to therapy, two surgeons estimated they send less than 5%, and two
reported that it depends on the patient. For example, S2 stated, “Actually, for the most
part, I think it [PT] has limited use in spine surgery.” Conversely, S5 responded,
I kind of perceive it as two-fold. The most benefit I see in my patients is
the hopeful prevention of future surgeries. That’s kind of how I think about it. So,
it’s optimizing the function after the existing surgery, but possibly more
importantly, lifestyle changes, postural re-training, cardiovascular things, core
things, where they can lessen the chance that they’ll be on that table again. (S5)
Four of the six surgeons talked about core strengthening exercises as being of
potential benefit to patients after LSF. S1 stated, “Even leaving spinal patients out of the
picture and just talking about fitness, I think what good fitness means is good core
stabilization.” S4 agreed, replying, “Core strength is everything. I mean, I think it could
be such an important piece of this puzzle, to stabilize the spine muscularly.” Neutral
spine exercises, isometrics, planks, and strengthening were categories discussed in this
theme. When asked to talk about an ideal rehabilitation protocol, even the surgeons who
reported referring less than 5% of patients post-LSF to therapy had mostly positive
opinions. For example, S3 replied, “I do think that there is some strengthening that could
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happen. I do think that we, that I, could get a little more aggressive with the strengthening
if I trusted the therapist.” S5 summed up an ideal protocol as “Progressive, aggressive,
interactive, custom, engaging, and prolonged.”
The final theme of long-term healing had three subthemes of good general health,
postoperative caution, and genetic pre-disposition. The surgeons discussed both positive
and negative aspects of healing. Positive factors for optimal outcomes included
maintenance of ideal body weight and use of proper body mechanics. S1 stated, “I tell my
patients this in the office all the time: proper body mechanics, maintenance of normal
body weight, and maintaining a strong core to help support your spine.” Negative factors
that could influence outcomes included smoking, osteoporosis, and poor health. S5
responded, “I mean, there’s nothing any of us can do about the genetic stuff except slow
it down,” and he added that patients can be an active participant if they “respect their
physical health a little better.”
The two overarching themes of outcomes and concerns provided a link between
each of the five themes (surgery, immediate post-surgical, surgical follow-up
determinations, outpatient PT, and long-term healing). Outcomes were discussed in a
variety of contexts, ranging from the use of formal outcome measures to describing what
an optimal outcome after LSF entails. The surgeons provided slightly different definitions
of a successful result after LSF, but each one focused on individual patient satisfaction
after surgery. S1 stated, “Totally depends on what the patient’s goal is. Sometimes it’s
pain, sometimes it’s weakness, sometimes it’s ability to walk. So it all depends on each
individual case.” Ensuring patient satisfaction was important, but only two of the
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surgeons reported regular use of formal measures to quantify post-LSF outcomes. Five of
the surgeons did not feel that standardized outcome measures provided them with
meaningful data, and indicated that they relied on the patient’s informal report of
perceived improvement. S6 responded, “I don’t really rely on those too much, because
you know, they’re not telling me much about each individual patient.” S3 stated, “I still
think my best judge of outcomes is just talking to people and making sure they can get
back to doing what they’re doing.” One surgeon provided an interesting commentary on
the lack of incentive to use outcome measures.
I would love to use them. I think we need a better system in place and maybe also
a push to use them more. We use them before surgery because we have to justify
why we need to do surgery, and, you know, establish how bad things are. It’s tied
to a financial gain. But after surgery, there’s no need to prove anything. You got
what you wanted: the go-ahead to do the surgery, and of course, get the patient
better. So there’s really no more incentive and patients don’t like filling out
another form. (S4)
The overarching theme of concerns emerged as surgeons talked about patient
compliance, fusion healing, postoperative precautions, and trusting the physical therapists
that treat their patients post-LSF. The surgeons expressed concern about patient
compliance with mobilization early in the acute post-surgical period. S2 reported, “In
reality, if I can get them to walk 30 minutes twice a day, I’ve won. And it’s really hard to
get them to be compliant with just doing that.” Fusion healing was also a concern early
on. S4 stated, “Well, I’m just more cautious until the three-month mark. I really believe
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in achieving a strong, solid fusion.” Discussion about fusion healing uncovered some
apprehension about therapy and therapists. The majority of surgeons indicated that they
would be more comfortable sending a patient post-LSF to a therapist they know and trust.
After surgery, you know, it’s a trust issue. My patients come from all over the
state and I don’t have a dedicated therapist I can send my patients to after surgery
who’s not going to put them into this situation of sending them back to me after a
month or two of therapy, and they’re worse, and I’m wondering, “Gee, did the
therapy flare things up? (S4)
One hundred percent of the surgeons stated that too much bending or twisting
would be cause for concern, and the idea of creating a postoperative protocol or
guidelines was mentioned by two surgeons as factors that may alleviate concerns.
Conversely, in response to the question “What do you want PTs to provide for your
patients after surgery?” S5 responded, “Customized care. You know, trying to take the
individual and craft the appropriate rehabilitation protocol for the individual. Otherwise,
we’d just send everybody a sheet of paper or a book.”
Discussion
This study explored surgeons’ perceptions of rehabilitation and recovery after
LSF. While the literature widely supports the use of PT as conservative treatment for low
back pain and an alternative to surgical intervention, few studies have investigated the
effects of rehabilitation programs following LSF. Additionally, there is little published
research investigating spinal surgeons’ opinions on this subject.
Van Erp et al. (2017) conducted a cross-sectional survey of Dutch and Swedish
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spinal surgeons to better understand their opinions regarding pre- and postoperative
rehabilitation for patients who undergo LSF. The online-based survey consisted mainly of
closed-ended questions. Variability in opinions was most prevalent in questions
concerning the postoperative phase, where inconsistencies were found regarding which
activities were allowed, at what time point, and under what circumstances. Advice for
when to return to more intense activities such as jogging, lifting, or sports ranged from
two weeks to nine months post LSF. Other major findings included varying opinions
among the surgeons regarding the timing and type of postoperative PT. Despite the
literature support for pre- and postoperative PT, it is not yet fully integrated into the
rehabilitation process. The results of the present study are in agreement with van Erp’s
conclusions, as the number of patients referred to PT after LSF ranged from less than 5%
to 100%.
The findings of this study indicate that surgeons would most likely prefer a postLSF rehabilitative exercise program that includes cardiovascular activity, core
strengthening exercises that can be performed in a neutral spine position, and
reinforcement of proper body mechanics and postoperative precautions. Though a
standardized exercise protocol may alleviate some concerns about “doing too much too
soon,” overall the surgeons would prefer PT that is customized to the individual patient.
Recommendations regarding timing of starting postoperative PT varied from two
to three weeks after surgery to two to three months. Interestingly, though, only one
surgeon expressed concerns that PT would interfere with fusion healing if started early in
the recovery period. Instead, the chief reason for not referring patients to PT soon after
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LSF was that the surgeons did not believe it necessary unless the patient was
deconditioned or not motivated to perform independent cardiovascular exercise such as
walking, bicycling, and swimming.
The finding that the majority of the surgeons do not utilize or rely on formal
outcome measures after LSF is concerning. Tracking patient-reported outcomes is crucial
for clinical progress and for measuring the efficacy of an intervention (Nayak, Coats,
Abdullah, Stein, & Malhotra, 2015). Without standardized instruments in place to
quantify patient improvement, obtaining an accurate assessment of the effect of a more
aggressive rehabilitation protocol on post-LSF outcomes, for example, is compromised.
Thus, more research may be needed to explore strategies for easier facilitation of
outcome measures. The results of this study suggest that legacy measures, such as the
ODI and Roland-Morris Disability Questionnaire (RMDQ), may not provide information
that is meaningful to surgeons or relevant to patients post-LSF. Though both of these
measures are cited frequently in the spinal surgery literature, an investigation into the
applicability of more current instruments may be worthwhile. For example, in 2004, the
National Institutes of Health introduced the Patient-Reported Outcome Measurement
Information System (PROMIS). PROMIS is a system of reliable, precise measures of
patient–reported health status. The instruments consist of items related to aspects of
functioning and well-being that are relevant across most chronic conditions, and can be
administered in paper format or through computer software called Computer Adaptive
Testing (CAT; Cella et al., 2007). PROMIS assessments are individually tailored to each
patient, and often shorter in length if administered through CAT. This is a definite
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advantage over traditional, paper-based outcome measures, such as the RMDQ or ODI,
and may offer more useful data.
Lastly, enhancing communication and collaboration between spinal surgeons and
physical therapists with regard to post-LSF rehabilitation is likely to lead to increased
referrals to therapy, as the majority of surgeons reported increased confidence in sending
patients to a therapist they know and trust. Ultimately, this is most beneficial for the
patient, as individualized rehabilitation is likely to lead to improved outcomes (Madera et
al., 2017).
Conclusion
Spinal surgeons prioritize patient satisfaction after LSF, but they rely more on the
patients’ self-report than formal outcome measures to gauge improvement. Rate of
referral to PT after LSF varies greatly among surgeons and is influenced by whether the
surgeon knows and trusts the therapist. Some apprehensions about post-LSF PT may be
alleviated by a standardized protocol, but surgeons prefer customized care that is tailored
to the individual patient. The majority of surgeons are not concerned that early initiation
of PT will interfere with fusion healing, and they believe core strengthening could be
beneficial for patients who undergo LSF as long as exercises do not violate postoperative
precautions.

78

APPENDIX III-A
INTRODUCTORY SCRIPT

We want to learn more about spinal surgeons’ views of rehabilitation after lumbar
spinal fusion surgery. Learning more about when and why surgeons refer patients to
physical therapy (PT) following surgery, as well as identifying any barriers or
concerns, may help clinicians provide more effective and informed care to patients.
Although a physical therapist is conducting this interview, please be as honest and
forthcoming as possible. Candid responses will be most beneficial.
1. What is your definition of a successful outcome following lumbar fusion surgery
(LSF)?
2. How do you measure outcomes after surgery?
3. Tell me about your current postoperative protocol after LSF.
4. What are your thoughts on the role of exercise after LSF?
5. What are your thoughts on the role of physical therapy after LSF?
6. How do you determine whether patients need PT after surgery?
7. What percentage of patients do you send to PT after LSF?
8. What could physical therapists provide for your patients after surgery?
9. What education is most important for PTs to give to patients after surgery?
10. What are your concerns about referring patients to PT after LSF?
11. What would an ideal postoperative rehabilitation program look like to you?
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12. What are your thoughts on spinal stabilization exercises?
13. What, if anything, do you think could slow or prevent fusion healing?
14. What, if anything, would decrease the risk of developing adjacent segment
disease after LSF?
15. Is there anything else about this topic you would like to discuss?
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CHAPTER IV
CHANGES IN DEEP ABDOMINAL MUSCLES DURING LOW LOAD, NEUTRAL
LUMBAR SPINE STABILIZATION EXERCISES
To be submitted for publication in
Musculoskeletal Science and Practice
Kathryn Sawyer, Toni Roddey, Jennifer Ellison, Katy Mitchell

INTRODUCTION
Spinal stabilization exercises are designed to strengthen the muscles that corset
the lumbar spine to improve local muscular and functional control of the trunk.1 These
exercises have been investigated in numerous studies as a potential intervention for
patients with chronic LBP, as previous research has demonstrated evidence of trunk
muscle dysfunction in this patient population.2-5 For example, in a study using MRI to
examine the lumbar multifidus and psoas major muscles in patients with unilateral LBP,
atrophy of the multifidus was found in 80% of the patients.4 Another study comparing
patients with LBP to asymptomatic controls found evidence of delayed muscle activation
in the TrA and IO muscles in patients with LBP.2
An additional population of patients with known trunk muscle dysfunction is
those who have undergone LSF surgery.6-8 Though minimally invasive surgical
techniques have been developed in an attempt to reduce muscle injury, some damage is
unavoidable due to the muscle dissection required to perform the operation. The
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magnitude of change in neuromuscular control remains unclear immediately following
LSF, but prior imaging studies have reported decreased trunk muscle thickness,
accelerated muscle atrophy, and evidence of fatty infiltration, which could ultimately
result in altered muscle performance and coordination.7-9
A spinal stabilization exercise program aimed at early restoration of muscle
function and performance after LSF may improve patient outcomes following surgery,
but certain aspects of postoperative recovery must be taken into consideration. To protect
the newly fused segment(s), exercises should not place excessive strain or high load on
the lumbar spine. Additionally, as patients are typically advised to avoid trunk flexion or
rotation during the early postoperative period, exercises that can be performed in a
neutral lumbar spine position are preferred.10, 11
Fortunately, previous studies have shown stabilization exercises performed in a
neutral spine position place minimal external loading on the spine and are effective in
increasing stability of the lumbopelvic region.10, 12 Most programs build upon a
foundation of co-contraction of the lumbar multifidus and TrA.1, 2, 12, 13 Owing to their
anatomical attachment to the lumbar spine, these muscles work together to provide local,
segmental spinal stability in addition to assisting with general trunk control.14-17 Muscle
recruitment is achievable with isometric exercises, and small movements of the upper
and/or lower limbs are then added to further challenge trunk stability. A simple isometric
contraction known as the ADIM has been shown to preferentially activate the TrA and
elicit co-activation of the lumbar multifidus. It often serves as a foundational basis for
trunk stabilization exercises.1, 14, 18 Previous studies have shown that a minor contraction
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of the IO also occurs during an ADIM.12 Though it has other functions, such as ipsilateral
rotation and sidebending, the IO has a large attachment to the thoracolumbar fascia,
primarily at the lower lumbar segments. This allows it to compliment the pull of the TrA
during contraction, and assist with lumbar stability.19
Researchers have explored the effects of spinal stabilization exercises on trunk
muscle activation. Tarnanen et al10 used EMG to demonstrate that “neutral spine control”
exercises resulted in effective activation of trunk muscles such as the rectus abdominis,
external oblique, and multifidus. However, due to limitations of surface EMG, activity of
the TrA, which is an important contributor to spinal stability, was not assessed. Teyhen et
al1 analyzed deep abdominal muscle activity, including the TrA and IO, during six
commonly prescribed trunk-strengthening exercises. Though the results demonstrated
successful muscle activation, the exercises included for analysis, such as an abdominal
crunch and an abdominal sit-back, would not be appropriate for a post-LSF patient to
begin immediately after surgery. No studies have examined which exercises might be
best, and safest, for patients immediately after LSF surgery. However, the method of
measurement utilized in the study, RUSI, provides a fairly simple and non-invasive
means of assessing specific muscle activity during exercise. RUSI has well-established
reliability and validity for assessing muscle thickness, as well as changes in thickness,
during muscular contraction.4, 14, 15, 20, 21 During performance of a spinal stabilization
exercise, for example, the trunk muscles increase in thickness, which is easily visualized
on the imaging screen. Using on-screen calipers, muscle thickness is measured as the
distance between the superficial and deep hyperechoic fascia of each muscle. The change
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in thickness from resting state to contracted state is then used as an indirect measure of
muscle activation.1, 12, 22 Determining which exercise or exercises best activate the trunk
muscles in a neutral spine position is key to safe implementation in the early post-LSF
phase of recovery.
Therefore, the purpose of this study was to use RUSI to test the ADIM and five
low-load, neutral lumbar spine stabilization exercises for their ability to activate the TrA
and IO muscles (See Appendix IV-A). The exercises selected were simple enough that
patients could perform them immediately after LSF without violating post-surgical
precautions. It was hypothesized that the exercises incorporating longer-lever motion of
an extremity, or movement outside of the sagittal plane, the prone leg lift and the bent
knee fall out respectively, would produce the most activity of the TrA and IO, as noted by
the greatest increase in thickness of the muscles measured by the RUSI.
METHODS
Participants
Based on an a priori power analysis, 31 healthy participants, aged 18-64, without
a history of LBP within the past six months and no previous lumbar spine surgery were
recruited from the Houston medical center community and surrounding neighborhoods.
Information about the study was disseminated via flyers and informal announcements.
Participants were excluded from participation if they reported any contraindications to
the use of ultrasound imaging, such as current or possible pregnancy, previous or current
malignancy, or signs of infection. Participants were also excluded from the study if their
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body mass index was higher than 30 kg/m2, due to the potential for compromised
visibility of the spinal stabilizer muscles on ultrasound image.23
Instrumentation
A GE Logiq P5 (GE Healthcare, USA) ultrasound machine with a 7.5-MHz linear
probe was used for imaging. The monitor display was set to Brightness-mode (B-mode),
which provided two-dimensional images and measurement capabilities concerning the
anatomical structure of soft tissue.21, 22 Reliability associated with ultrasound imaging of
the abdominal muscles has been described as good (ICC3,1 = 0.93, SEM = 0.03).12
Procedures
To minimize bias, four investigators collected data in teams of two. The PI was a
physical therapist with 10 years of experience in the orthopedic setting who was qualified
in the use of RUSI. The three secondary investigators were students in their second year
of the Doctor of Physical Therapy program at Texas Woman’s University in Houston.
The student investigators received two training sessions from the PI prior to beginning
data collection.
Before ultrasound images were captured, each participant was first instructed in
the performance of an ADIM. To achieve this contraction, the participant assumed a
supine, hook-lying position on a plinth with the lower abdomen exposed. Standardized
verbal instructions were used: “Hollow your abdomen by drawing your bellybutton
toward your spine. Continue to breathe normally.” Next, participants were given an
overview of the exercises they were asked to perform. An investigator provided
standardized, verbal instructions prior to performance of each exercise, and participants
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viewed pictures of the starting (resting) and exercise (contracted) positions. Practice trials
were used to minimize errors arising from incorrect performance.
Conductive gel was placed on the participant’s skin and on the probe, which was
placed just superior to the iliac crest along the axillary line, on the participant’s right side,
midway between the lowest rib and the apex of the ilium (See Figure IV-1). Park et al24
states that this position has been shown to be the thickest point of the TrA, and
demonstrates the clearest simultaneous images of the TrA, IO, and external oblique. A
felt-tip marker was used to place an “x” on the participant’s skin to ensure consistent
placement of the probe as the participant moved through the different exercise positions.

Figure IV-1. Ultrasound set-up.

One investigator held the transducer aligned perpendicularly to the anterolateral
abdominal muscles and captured an image of the TrA and IO at rest and on exhalation.
The participant then performed the first exercise in conjunction with an ADIM, holding
the contracted position for a maximum of ten seconds.1 The second investigator observed
the participant for incorrect technique or evidence of substitution patterns. The ultrasound
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image was captured during an exhalation to control for the influence of respiration, and
then the participant was asked to relax. Each exercise, in conjunction with the ADIM,
was performed twice, with a 30-second rest break provided between repetitions. During
the break, the increase in thickness of the TrA and IO was measured on the captured
image using on-screen calipers (see Figure IV-2). A one-minute rest period was provided
between different exercises to prevent fatigue.1 The ADIM and then five exercises were
completed, with the exercises completed in random order to control for the effect of
fatigue. Muscle thickness on the captured images was measured using the protocol
detailed by Teyhen et al.12
Descriptive statistics for age, gender, and body mass index were computed and
the data was explored for normality and homogeneity using histograms, boxplots, and
Levene’s test. Average thicknesses were calculated for both resting and contracted state
for each exercise and the ADIM. Contraction ratios were calculated to help control for
differences in muscle thickness due to age, gender, and body mass.1, 2, 12, 23 This was
performed by dividing the average contracted muscle thickness by the average resting
muscle thickness for each exercise and the ADIM: (Muscle contracted/Muscle resting).2
For example, a thickness ratio of 2.0 would indicate that the muscle doubled in thickness
from its resting state.
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Figure IV-2. Ultrasound image of the TrA at rest,
showing thickness measurement with on-screen calipers.
Data Analysis
Two separate one-way repeated measures ANOVAs were used to compare the
contraction ratios for both the TrA and IO during each exercise for significant
differences, alpha set at 0.05 for each ANOVA. If significance was identified, Tukey
post-hoc tests with Bonferroni corrections were calculated to identify where among the
exercises the differences existed.
RESULTS
A convenience sample of 31 healthy adults aged 23-64 years old without recent
complaint of LBP or previous lumbar spinal surgery participated in the study.
Demographic information can be found in Table IV-1.
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Table IV-1. Participant Demographics
Characteristic

Mean (range, SD)

Gender (male, female)

(11, 19)

Age (years)

46.5(18-64, 11.9)

Body mass index (kg/m2)

24.3(20-29.5, 2.56)

The mean resting TrA thickness for males was .45mm(.09) and .41mm(.12) for
females. Mean resting IO thickness for males was .91mm(.23) and .61mm(.21) for
females. The ADIM produced a contraction ratio of 1.51(.25) for the TrA and 1.21(.17)
for the IO.
Transversus Abdominis Thickness Ratio Analysis
There was a significant effect of exercise on TrA activation F (5, 150) = 12.86, p
< .0005. Post-hoc analysis with a Bonferroni correction revealed that all five exercises
resulted in significantly greater TrA activation than the ADIM alone, with the p-values
ranging from < 0.005 to 0.011. Among the five exercises, the prone leg lift produced
significantly greater thickening of the TrA muscle compared to the heel slide, (Mean
difference of .151, SE = .039, p = .008) and represents a medium sized effect, d = .42.
Internal Oblique Thickness Ratio Analysis
There was a significant effect of exercise on IO activation F (5, 125) = 3.27, p =
.008. Tukey post-hoc analysis with a Bonferroni correction revealed that only the prone
leg lift produced significantly greater increase in IO muscle thickness than the ADIM
alone, (Mean difference of .143, SE = .04, p = .026). There was no significant difference
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in IO activation among the five exercises. See Table IV-2 for mean contraction ratios
with standard errors for all exercises.

Table IV-2. Mean Contraction Ratios With Standard Error for Each Exercise
Muscle
ADIM
March
Heel slide Bridge
Bent knee Prone leg
fall out
lift
TrA
1.51(.25)
1.71(.41)
1.66(.35)
1.72(.40)
1.70(.37)
1.81(.37)
IO

1.21(.17)

1.24(.25)

1.23(.27)

1.28(.35)

1.19(.23)

1.35(.29)

Abbreviations: TRA= transversus abdominis, IO=internal oblique

Of the five exercises tested, the prone leg lift resulted in the greatest change in
muscle thickness for both the TrA and IO. While this finding supports the initial
hypothesis that longer-lever limb movement would result in greater muscle activation, it
also suggests that the effect of gravity on the abdominal muscles in the prone position
provided an additional and significant challenge. Furthering support for this, results from
Teyhen et al1 demonstrated the greatest increase in TrA and IO muscle thickness during a
horizontal side support exercise, which requires the participant to elevate his/her body
using the shoulder as weightbearing joint. With this in mind, inclusion of more exercises
that require the muscles to work against gravity, such as a quadruped position, may be
beneficial as part of a spinal stabilization exercise program.
B-mode ultrasound was selected for the present study due to its well-established
reliability for measuring static muscle dimensions. However, B-mode does not have the
capability to measure changes in thickness over time. Moving (M)-mode ultrasound
displays a depth-versus-time chart, allowing for investigation of increases in thickness
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over a specified time period.18 This option could be used for future studies to investigate
participants’ ability to maintain muscle activation during multiple repetitions of exercise,
and to explore the effects of fatigue.
Lastly, this study recruited healthy participants without a history of LBP or a
previous lumbar spinal surgery to perform a few repetitions of simple exercises in a
controlled, laboratory setting. While it was important to determine the ability of each
exercise to activate the deep abdominal muscles in an ideal situation, the results may not
be applicable to post-LSF patients, given the muscle damage resulting from surgery.
Future research is needed to test the efficacy of these exercises in this population.
CONCLUSION
Low-load, neutral spine stabilization exercises produced increases in muscle
thickness of the TrA and IO during a single session of RUSI assessment. Overall, more
muscle activation was seen in the TrA than the IO. The greatest change in thickness for
both muscles was observed in a prone position exercise, suggesting that the added
challenge of working against gravity resulted in greater muscle stimulation. Results of
this study indicate that all exercises tested would be appropriate for use in a postoperative
spinal stabilization exercise program for patients undergoing LSF.
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APPENDIX IV-A
SPINAL STABILIZATION EXERCISES
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CHAPTER V
COMPARING THE IMPACT OF EARLY INITIATION OF A SPINAL
STABILIZATION EXERCISE PROGRAM TO STANDARD OF CARE
ON PAIN, DISABILITY, AND PHYSICAL FUNCTION IN PERSONS
AFTER LUMBAR SPINAL FUSION SURGERY:
A RANDOMIZED CLINICAL TRIAL
To be submitted for publication in
Musculoskeletal Science and Practice
Kathryn Sawyer, Toni Roddey, Katy Mitchell, Jennifer Ellison
INTRODUCTION
LSF is one of the most commonly performed surgical interventions for lumbar
degeneration and deformity.1,2 While the surgical goal is to reduce pain and disability in
order to improve quality of life, the limitations of the fusion procedure are well known,
and there remains a lack of consensus in the literature for the superiority of fusion
compared to non-operative treatment.1-4 Additionally, there is little research concerning
postoperative rehabilitation strategies. While most spinal surgeons agree that early
mobility after LSF is beneficial for patients, a broad variation exists in the rates of
utilization of physical therapy, the types of intervention requested, and the timing of such
treatments after surgery.2,3
Though minimally invasive surgical techniques have been developed in an
attempt to reduce muscle injury during LSF, some damage is unavoidable due to the
muscle dissection required to perform the operation.5-9 Many studies have examined
changes in muscle performance and coordination after LSF.6-9 Results of imaging studies
94

show decreased deep trunk muscle thickness, accelerated muscle atrophy, and fatty
infiltration, which may contribute to decreased strength, spinal instability, and
development of compensatory muscle activation patterns in persons following LSF
surgery.6,9,10 For example, an EMG study comparing patients after LSF to healthy,
asymptomatic controls demonstrated decreased recruitment of trunk extensor muscles
during a forward reaching task in the patients who underwent LSF.6 Despite these
physiologic changes, few studies have explored specific rehabilitation strategies to
mitigate these consequences.3,11,12
The majority of the research on muscle performance changes following LSF is
focused on the deep posterior trunk muscles, such as the lumbar paraspinals and
multifidus, as they are directly affected via the surgical incision, exposure, and
retraction.8-10 Though the posterior trunk muscles are important contributors to spinal
stability, they operate in conjunction with the deep abdominal muscles to maintain ideal
spinal function.13-16 These spinal stabilizer muscles have been studied extensively in
patients with LBP. Some researchers found delayed muscle activation and altered
recruitment patterns in patients with LBP compared to asymptomatic participants.17-19
They hypothesized that the delay in neuromuscular response contributed to instability of
the spine, which ultimately resulted in pain.17,20 Additionally, previous studies that
employed spinal stabilization exercises to improve local muscular function were able to
successfully decrease LBP.19,21-23
It has been suggested that spinal surgeons are concerned that the healing of the
fusion site may be adversely affected by early exercise intervention, and this concern may
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influence their opinion and recommendation on the type and intensity of postoperative
exercise they recommend for their patients to perform.2,13 Additionally, typical
postoperative precautions, such as avoidance of spinal flexion and rotation, must be taken
into consideration when considering a post-surgical exercise intervention. Bearing this in
mind, neutral-position spinal stabilization exercises that target the deep trunk muscles
with minimal external loading on the spine have been shown to be effective in increasing
stability of the lumbopelvic region.24 Tarnanen et al 23 used surface EMG to measure
muscle activity of the rectus abdominis, external oblique, longissimus, and multifidus in
patients who had undergone LSF during performance of six “neutral spine control”
exercises, as it was important to maintain a neutral lumbar spine position in order to
minimize strain on the fused segment during the early postoperative period. Results of
this study demonstrated that the exercises did indeed activate trunk muscles effectively
without increasing pain.23 Given these findings, further exploration of the effects of
initiating a low-load, neutral spine stabilization exercise program early in the
postoperative period is warranted. Though care should be taken to prevent stress at the
newly fused spinal segments, research has shown that even short periods of muscle disuse
lead to negative health consequences.25 Therefore, these exercises may assist in earlier
restoration of the intrinsic muscles of the lumbar spine, thus reducing loss of muscle
function and potentially improving clinical outcomes in patients following LSF.
The purpose of this study was to investigate the effectiveness of a postoperative
spinal stabilization exercise program on pain, disability, and physical function for
patients who undergo LSF. In a randomized two-group design, the research hypothesis
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was that those that underwent a LSF and performed a spinal stabilization exercise
program during the immediate postoperative period would have improved pain,
disability, and physical function over those that received standard of care after a LSF
during the early postoperative phase of three and six months.
METHODS
Participants
Patients who were scheduled to undergo a virgin one- or two-level lumbar
interbody fusion due to spondylolisthesis, spondylolysis, scoliosis, degenerative disc
disease, and/or recurrent disc herniation were recruited from the practices of the four
spinal surgeons at Texas Orthopedic Hospital in Houston, Texas. Based on an a priori
power analysis and an assumed effect size of 0.6, alpha < 0.008, and power of 0.80, a
required total sample size of 62 was calculated. An additional 10% was added to account
for possible attrition. Participants were randomized into the control group or intervention
group after surgery utilizing a random number generator. Males and females, ages 18-70,
of all ethnicities, were eligible for participation. Patients were excluded if the fusion
involved more than two spinal levels, or if they had a prior lumbar fusion. Patients were
also excluded after surgery if they suffered any major surgical complications such as
neural injury, infection, implant migration or loosening, or major medical complications
that would contraindicate their participation in the study. Patients under 18 years were
excluded due to the need for parental consent, and patients over 70 years were not
eligible for participation as they may have co-morbidities that could confound the data.
Baseline measurements and demographic information were collected from all patients
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who agreed to take part in the study and provided informed consent prior to their
scheduled surgery (see Table V-1).

Table V-1. Comparison of Characteristics and Pre-Surgical Scores for Randomized
Participants
Consented Participants Control Group
Exercise Group
P values
(N = 31)
(N = 31)
Gender
P = .45
Males
12
17
Females
19
14
Age
59.7(8.5)
58.3(9.2)
P = .53
Ethnicity
Black
2
3
White
27
26
Hispanic
1
2
Other
1
0
Body Mass Index
27.3(4.4)
28.2(5.1)
P = .72
Fusion
P = .26
One-level
23
26
Two-level
8
5
Pre-Surgical Scores
ODI
48.1(20.1)
43.6(13.3)
P = .30
PROMIS
18.1(7.1)
20.3(7.1)
P = .23
NPRS-axial
6.5(2.9)
6.4(2.8)
P = .55
NPRS-radicular
6.0(3.9)
6.6(3.4)
P = .55
Abbrevations: ODI, Oswestry Disability Index. PROMIS, Patient Reported Outcome
Measurement Information Systems. NPRS, Numerical Pain Rating Scale.

Instrumentation
The three patient-reported outcome measures (PROMs) selected included the
modified Oswestry Low Back Pain Disability Questionnaire Index (ODI), The Patient
Reported Outcomes Measurement Information System Short Form – Physical Function
8b (PROMIS) questionnaire, and the Numerical Pain Rating Scale (NPRS). The ODI has
been established as a valid and vigorous instrument tool for patients with spinal
disorders.26,27 Scores on the ODI range from 0-100. Zero is equated with no disability and
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a score of 100 represents the maximum disability possible. Internal consistency for the
ODI has been shown to be of acceptable level by different authors. Cronbach α ranges
from 0.71 to 0.87.28-30 Test-retest reliability has also been shown to be high, with values
ranging from r = 0.83 to 0.99, though these values vary depending on the time interval
between tests.28-30 The PROMIS questionnaire was selected from the National Institutes
of Health database of psychometrically sound self-report measures to provide a precise
and comprehensive assessment of physical capability.31 The questionnaire consists of
eight items, each scored from one (“unable to do”) to five (“without any difficulty”), for a
maximum score of 40. In a prospective cohort study of 231 adults undergoing spinal
surgery for lumbar degenerative disease, Purvis et al 32 reported good concurrent validity
and responsiveness of PROMIS relative to legacy measures (see Appendices V-A and VB). The NPRS was used to assess pain and was applied separately for axial and radicular
pain. The NPRS is brief and straightforward to use, with a rating of zero equivalent to no
pain, and a rating of ten equal to the worst pain imaginable. A study by Dworkin et al 33
found higher rates of data completion when using the NRPS compared to the visual
analog scale (VAS). In clinical trials of patients with chronic LBP, Farrar et al found an
MCID of two points.34
Procedures
The first author and PI of the current study was the assessor for all participants,
and provided some postoperative instructions to patients in both groups. The PI was not
blinded to group assignment. Two additional physical therapists employed at Texas
Orthopedic Hospital, each with a minimum of five years’ experience in the orthopedic
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setting served as secondary investigators, and were trained by the PI to help provide
postoperative instructions to the participants in each group.
Participants in both groups were encouraged to begin walking the night of
surgery, and to continue to do so while hospitalized. They were evaluated by a staff
physical therapist the day after surgery and received training in correct bed mobility
techniques and body mechanics. On the day of discharge from the hospital, participants
randomized to the control group were issued a standardized protocol of postoperative
instructions developed by the spinal surgery and rehabilitation departments at Texas
Orthopedic Hospital and an exercise log to keep track of activity (see Appendix V-C and
Appendix V-E). The protocol included general activity recommendations for walking,
stationary cycling, and swimming, as well as instructions for following postoperative
precautions (avoidance of bending, lifting, and twisting movements). Control group
participants were asked to bring the exercise logs to future follow-up appointments with
their surgeon at 2 weeks and 3 months postoperatively.
Participants randomized to the exercise group received the same postoperative
bed mobility and body mechanics training and standardized instructional protocol as the
control group. On the day of discharge from the hospital, they additionally received a 30minute instructional session on performance of the spinal stabilization exercise program.
The investigators used verbal, visual, and tactile cueing to teach correct exercise
technique, and participants performed several repetitions of each exercise to demonstrate
competency. Written and pictorial instructions for the spinal stabilization exercise
program were issued to each participant, and they were asked to perform the program at
100

home six days each week, with one rest day of their choice (see Appendix V-D).
Participants were advised to increase the repetitions of each exercise gradually and to
tolerance, with an ultimate goal of 30 repetitions of each exercise given. The exercise
group participants were also issued an exercise log to keep track of their performance,
and asked to bring completed logs to their postoperative follow-up appointments at the
same two weeks and three months postoperatively. Participants were advised to begin the
program immediately, and to continue until three months post-surgery, at which point the
intervention phase was concluded and participants followed activity recommendations
from their surgeon.
All participants completed the outcome measures prior to surgery and again at
three months and six months postoperatively. The exercise logs were used to determine
whether the data from participants in the exercise group would be included in the
statistical analyses. Data collected on participants who were less than 50% compliant
(performing less than three sessions per week during the 3-month intervention) on
average were not included in analyses.
Data Analysis
Scores for all items on the ODI were summed, then multiplied by two to obtain
the index range (0-100). The total raw score for the PROMIS questionnaire was
calculated by summing the values of the response to each question for a possible total
self-report score of 40. Separate pain scores from the NPRS were recorded for axial and
radicular pain.
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Analyses were performed with SPSS version 21 (IRB Corp, Armonk, NY). Four
separate 2x3 mixed ANOVAS were used for each of the four outcome measures (ODI,
NPRS: axial, NPRS: radicular, and PROMIS) with group (control or exercise) and time
interval (baseline, three months, six months) as the independent variables, with adjusted
alpha set at 0.0125 for each ANOVA. Participant data were analyzed based on the perprotocol principle.
RESULTS
Participants
The a priori power analysis required 31 participants per group, but 34-35 per
group was desired to account for possible attrition. A total of 70 patients scheduled to
undergo LSF were recruited and signed informed consent forms. Of the 70 patients, eight
were eliminated before beginning postoperative rehabilitation. Of these eight patients,
three decided to delay or cancel surgery, four had intraoperative complications that
prohibited their participation, and one withdrew from the study immediately after
surgery. A total of 62 patients remained to participate in the study, with 31 participants in
each group (see Figure V-1). A CONSORT diagram (see Figure V-3) provides a visual
representation of the study flow. Figure V-1 displays the baseline characteristics for the
remaining 62 participants in the two groups. Independent parametric and non-parametric
equivalent t-tests with alpha set at .05 were calculated and it was determined there were
no significant differences between the two groups with regard to age, gender, body mass
index, or prognostic variables.
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Figure V-1. Participant removal prior to beginning of postoperative rehabilitation.
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Figure V-2. CONSORT Flow Diagram

Attrition
Seventeen participants were excluded from the final analyses. Of the 17, three
participants underwent reoperation, one participant developed an infection, one
participant reported a fall that resulted in a vertebral compression fracture, and one
participant suffered a stroke during the first three months after surgery. These incidents
were unrelated to postoperative rehabilitation and there were no reports of adverse events
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associated with performance of the exercise program. Four participants did not complete
any data collection after surgery because they did not return for post-surgical follow-up
appointments, and three participants missed one data collection. Finally, four participants
in the exercise group did not perform the minimum frequency of exercise sessions
established prior to the start of the study (3 per week on average) to qualify for inclusion
in the analysis. A total of 45 participants met compliance criteria and completed all data
collection sessions. See Table V-2 for a comparison of mean scores on baseline variables
for the participants included in the analysis.
For initial data screening and assumption testing, Mauchly’s test indicated a
violation of the assumption of sphericity; therefore, degrees of freedom were corrected
using Greenhouse-Geisser estimates of sphericity.
Effect of Intervention on Disability Level
No interaction effect was found for disability, as measured by ODI score, F (1.53,
65.68) = 0.172, p = 0.783, and the main effect of group was not significant, F (1,43) =
.73, p = .40. A significant effect of time was observed for disability F (1.53, 65.68) =
80.823, p < .005. Compared to baseline, lower disability was observed at three months
postoperatively (mean difference, 22.78, 95% CI: 17.98-27.58) and six months
postoperatively (mean difference, 26.52, 95% CI: 21.10-31.94), indicating improved
levels of disability regardless of group assignment.
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Table V-2. Comparison of Mean Scores on Outcome Measures for Both Groups Over
Time
Outcome
Baseline(Mean,
3 Months(Mean,
6 Months(Mean,
SD)
SD)
SD)
ODI
Control (N = 24)
47.0(19.4)
22.9(19.5)
19.6(17.9)
Exercise (N = 21) 42.9(14.3)
20.5(13.6)
15.9(14.0)
P-values
P = .33
P = .39
P = .40
PROMIS
Control (N = 24)
Exercise (N = 21)
P-values

18.8(6.9)
21.1(7.5)
P = .30

26.7(7.7)
29.3(6.6)
P = .11

30.7(9.2)
31.6(7.8)
P = .91

NPRS-axial pain
Control (N = 24)
Exercise (N = 21)
P-values

6.5(2.8)
5.9(3.1)
P =.54

2.7(2.5)
2.8(2.8)
P =.72

3.1(2.8)
2.9(2.8)
P =.84

NPRS-radicular
pain
5.8(3.9)
2.3(3.2)
.96(2.3)
Control (N = 24)
6.0(3.9)
2.2(3.2)
1.6(2.6)
Exercise (N = 21)
P-values
P = .92
P = .61
P = .17
Abbreviations: ODI, Oswestry Disability Index. PROMIS, Patient Reported Outcomes
Measurement Information Systems. NPRS, Numerical Pain Rating Scale.
Effect of Intervention on Pain
No interaction effects were seen for back pain or extremity pain, as measured by
NPRS:axial pain and NPRS: radicular pain scores, F (1.41, 60.75) = 0.176, p = 0.762 and
F (1.67, 71.75) = 0.401, p = 0.63, respectively. The main effect of group was not
significant for back pain, F (1, 43) = .188, p = .67 or leg pain, F (1, 43) = .078, p = .78.
There was a significant effect of time for back pain, F (1.41, 60.75) = 36.74, p < .005, as
well as leg pain, F (1.67, 71.75) = 45.96, p < .005. Compared to baseline, decreased back
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pain was observed at three months postoperatively (mean difference, 3.6, 95% CI: 2.64.52) and six months postoperatively (mean difference, 3.3, 95% CI: 2.13-4.4). Leg pain
was also reduced at three months postoperatively (mean difference, 3.74, 95% CI: 2.634.86) and six months posteroperatively (mean difference, 4.63, 95% CI: 3.56-5.79).
Effect of Intervention on Physical Function
No interaction effect was seen for physical function, as measured by PROMIS
score, F (1.63, 65.26) = 0.295, p = 0.700. The main effect of group was not significant, F
(1.43) = .694, p = .41. A significant effect of time was observed, F (1.64, 67.02) = 64.18,
p < .005. Physical function was improved at three months postoperatively (mean
difference, 8.36, 95% CI: 5.78-10.95) and six months postoperatively (mean difference,
11.51, 95% CI: 8.39-14.65) compared to baseline measurements.
The main effect of group was not significant for any of the four dependent
variables over any of the time periods: the ODI, F (1.53, 65.68) = 0.172, p = 0.783,
PROMIS, F (1.63, 65.26) = 0.295, p = 0.700, axial pain, F (1.41, 60.75) =0.176, p =
0.762, or radicular pain, F (1.67, 71.75) = 0.401, p = 0.634. From baseline to three
months and six months postoperatively, the four self-report measures did not demonstrate
a significant interaction of group with time (P > .008) and there were no differences
between the groups at three months or six months postoperatively (P > .008). However,
within-group improvement was seen for all four measures over time. (see Figures V-3, V4, V-5, and V-6).
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Figure V-3. Means +/- standard deviation of baseline, three month, and six month scores
on the ODI for the control group and exercise group.
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Figure V-4. Means +/- standard deviation of baseline, three month, and six month scores
on the PROMIS questionnaire for the control group and exercise group.

Figure V-5. Means +/- standard deviation of baseline, three month, and six month scores
on the NPRS-axial pain for the control group and exercise group.
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Figure V-6. Means +/- standard deviation of baseline, three month, and six month scores
on the NPRS-radicular pain for the control group and exercise group.

DISCUSSION
The results of this study indicate that the inclusion of a spinal stabilization home
exercise program during the early postoperative period following LSF does not result in
significant differences in self-reported pain, disability, or physical function compared to
the current postoperative standard of care during the first 6 months postoperatively. The
findings are in contrast to those of a study published in 2012 by Oestergaard et al 11
examining the effects of early initiation of a rehabilitation program after LSF that
centered on active stability training of the trunk and large muscle groups. In that study,
participants were randomly assigned to begin the program at six weeks (early start) or 12
weeks postoperatively. Over a one-year follow-up, improvements in the 12-week group
were four times better than those in the six-week group, leading the authors to conclude
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that early initiation of rehabilitation produced poor results. 11 Though the findings of the
current study failed to confirm the initial hypothesis, early initiation of the spinal
stabilization exercise program did not result in inferior outcomes.
It is possible that no difference was found between groups because the spinal
stabilization exercise program employed in the study was too rudimentary, particularly
toward the end of the three-month intervention. All participants in the exercise group
were challenged by the exercises at the time of instruction. The majority was initially
able to perform only three to five repetitions of each exercise and reported the prone leg
lift exercise to be particularly difficult. However, by six weeks after LSF, all but three
participants had reached the goal of 30 repetitions (or three sets of 10) for all exercises.
Due to the restrictions imposed by the postoperative precautions, as well as participating
surgeon concerns, the program could not be progressed to include more advanced
exercises, such as those involving dynamic movements. Bergmark 35 proposed the
importance of utilizing two muscle systems for optimal for spinal stability: a local system
consisting of muscles that directly attach to the lumbar spine, such as the multifidus and
TrA, and a global system consisting of large, torque-producing muscles such as the rectus
abdominis and iliocostalis. While the spinal stabilization exercise program utilized in this
study targeted the local, stabilizer muscles, it was not aimed at the global, mobilizer
muscles. Though the global muscles are not capable of providing direct segmental
influence, they do contribute to general trunk stability. Hibbs et al 36 claim that the small
stabilizer muscles must work together with large mobilizer muscles in order to maintain
muscular balance and prevent the development of inefficient movement patterns. In the
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case of the present study, it may be that the integration of both systems into an exercise
program is necessary for improvement in day-to-day function. And given no adverse
outcomes with the early intervention, it is possible the referring surgeon may be more
open to a program incorporating both systems later in the early rehabilitation phase postLSF.
Although spine-specific PROMs are frequently used to assess outcomes after
LSF, some studies note that there is only low to very-low quality evidence for their
content validity, meaning it is unclear whether the activities or abilities in the PROMs are
those that matter most to the patients themselves. 37 Additionally, previous research has
revealed discrepancies between patients’ scores on PROMs and their ability to actually
perform an activity or task when observed by others or measured by equipment (surface
EMG, accelerometers).37 Therefore, the additional inclusion of physical performance
tests, in which the patient performs a standardized activity in a clinical setting may
provide additional meaningful data with regard to functional ability than self-reports
alone.
A limitation of the study was a higher-than-anticipated attrition rate for both
groups. The control group retained 24 of the original 31 participants, demonstrating a
19% attrition rate over six months, and the exercise group retained 21 of 31 participants,
exhibiting an even greater attrition rate of 32%. For those in the exercise group,
decreasing commitment to the stabilization program over time was likely a reason for the
higher than anticipated attrition rate, as four of the 31 participants (13%) did not meet the
minimum exercise frequency requirements. Other reasons for attrition might include
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inconvenience and financial burden associated with attending scheduled postoperative
appointments. A sub-analysis was performed on data from the 17 participants who were
excluded from the final analyses, but no key differences in baseline variables were
revealed (see Table V-3).

Table V-3. Comparison of Baseline Characteristics for Completers and NonCompleters
Characteristic
Completers
Non Completers
P value
(N = 45)
(N = 17)
Gender
P =. 78
Males
22
9
Females
23
8
Age
59.2(9.3)
58.7(7.5)
P = .84
Ethnicity
Black
1
3
White
21
16
Hispanic
1
2
Other
1
0
Body Mass Index
28.4(7.2)
27.3(8.5)
P = .79
Fusion
P = .81
One-level
39
15
Two-level
6
2
ODI
44.7(17.2)
48.9(16.7)
P = .39
PROMIS
19.9(7.3)
17.5(6.5)
P = .23
NPRS-axial
6.2(2.9)
7(2.8)
P = .36
NPRS-radicular
5.9(3.9)
7.3(2.6)
P = .117
CONCLUSION
The results of the study suggest that early initiation of a spinal stabilization
exercise program after LSF does not have either a positive or negative impact on selfreported pain, disability, or physical function up to 6 months postoperatively. There were
no differences in self-reported outcomes three months or six months after surgery
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between patients who performed the exercise program and those who followed the
standard of care protocol.
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APPENDIX V-A
PHYSICAL FUNCTION—SHORT FORM 8B
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APPENDIX V-B
MODIFIED OSWESTRY LOW BACK PAIN DISABILITY QUESTIONNAIREA
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APPENDIX V-C
POST-LUMBAR SPINAL FUSION ACTIVITIES / REHABILITATION
Adequate rehabilitation is crucial for a successful result. Many patients with
spinal injuries have suffered from spinal pain for months or years and
considerable atrophy, or shrinkage, of the spinal muscles has developed. This is
especially a problem if previous surgery has been performed, such as a
laminectomy. Rehabilitation of the spine to accomplish spinal fitness is
absolutely mandatory for an excellent surgical result. This goal is difficult to
achieve because activities are limited until fusion has been obtained which
typically takes about six months following surgery. Nevertheless, a progressive
regimented rehabilitation program is mandatory.
Stationary bicycling and swimming are very important in the rehabilitation
process. Many patients are resistant to these activities and offer a multitude of
excuses why they have not engaged in these activities as instructed. This
attitude, of course, only compromises the surgical result. Any patient can borrow
or buy a stationary bike. Swimming is more difficult but almost all patients will
find a swimming facility if they try hard enough and are willing to drive.
The first stage of rehabilitation is an aggressive walking program. While in the
hospital ambulation to a distance of 50 or so yards is typically achieved.
Immediately at the time of discharge, this ambulation program should be
continued, walking more and more each day. In general, three to five episodes
of exercise a day is recommended. The average lumbar fusion patient should be
ambulating a minimum of one mile within two weeks following surgery. This
same ambulation program should be continued throughout the first six months
following surgery. There is no upper limit to the distance and many patients are
able to ambulate two to three miles without difficulty within the first month
following surgery. The other activity that is strongly suggested during the first
month after surgery is that of walking in the shallow end of a pool. Caution
should be exercised when entering and exiting the pool so that bending and
twisting is avoided. Do not enter the water until your wound has been
checked at your first postoperative visit 3 weeks following the surgery.
Remove the tape strips on your wound prior to pool entry.
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By the beginning of the second month, it is recommended that you begin a
stationary bicycling program. Again, a slow progressive increase in bicycled
distance per day is the best advice. At the beginning of the second month a
swimming program is recommended as well: you should attempt to swim three
to five times a week. Any stroke is perfectly acceptable and, again, you should
start slow with a few laps and slowly increase the distance on a daily basis.
The fourth, fifth, and six months are spend performing aggressive
rehabilitation via long distance walking, swimming, and bicycling. However, it is
very important to remember to avoid bending and twisting during this period. It
is possible to over do this rehabilitation and produce a moderate increase in
back pain at which point the exercise program should be limited to half the
previous level until recovery from the aggravation has occurred. Thereafter,
slowly progress your activities once again. Increased pain during rehabilitation is
to be expected and is best treated with ice packs applied to the spine every 3
hours or so.
By six months post surgery, activity level is based on the appearance of your
X-rays. During this period aggressive rehabilitation with continued walking,
swimming, and bicycling is recommended. If you are advised at your six month
visit that your fusion is not solid, then continued restriction of bending and
twisting will be necessary until your fusion is healed.
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APPENDIX V-D
SPINAL STABILIZATION EXERCISES
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APPENDIX V-E
EXERCISE LOG
Exercise
Walking

Monday Tuesday

Wednesday

Thursday

Friday

Saturday Sunday

Monday Tuesday

Wednesday

Thursday

Friday

Saturday Sunday

Monday Tuesday

Wednesday

Thursday

Friday

Saturday Sunday

Bicycling
Swimming
Other

Exercise
Walking
Bicycling
Swimming
Other

Exercise
Walking
Bicycling
Swimming
Other
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CHAPTER VI
THE CLINICAL RELEVANCE OF SPINAL STABILIZATION EXERCISES FOR
INDIVIDUALS WHO UNDERGO LUMBAR SPINAL FUSION SURGERY
The ultimate purpose of the three studies in this dissertation was to determine the
impact that a spinal stabilization exercise program would have on patients who undergo
LSF for relief of pain and disability due to lumbar degenerative diseases. While the
literature widely supports the use of PT as conservative treatment for LBP and as an
alternative to surgical intervention, few researchers have investigated the effects of
rehabilitation programs following LSF. It was clear that there was a role for
rehabilitation, but that more research was needed to explore the optimal timing, duration,
and type of therapeutic intervention to implement post-surgery.
The first study employed a qualitative approach to glean insights from spinal
surgeons about rehabilitation and recovery of patients post-LSF. Since it has been
suggested that spinal surgeons are concerned that the healing of the fusion site may be
adversely affected by early exercise intervention, it was important to learn more about
their opinions on the type and intensity of postoperative exercise program in which their
patients might participate. The findings of this study indicated that surgeons would most
likely prefer a post-LSF rehabilitative exercise program that includes cardiovascular
activity, core strengthening exercises that can be performed with the lumbar spine in a
neutral position, and reinforcement of proper body mechanics and postoperative
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precautions. Regarding timing of rehabilitation, only one surgeon expressed concerns that
PT would interfere with fusion healing if started early in the recovery period. The
majority of surgeons believed spinal stabilization exercises could be beneficial for
patients who undergo LSF as long as the exercises performed did not violate
postoperative precautions.
The second study, an exploratory study, used RUSI to test the ADIM and five
lumbar spine stabilization exercises for their ability to activate deep abdominal muscles
that contribute to spinal stability. Care was taken to select exercises that would be safe to
implement in the early post-LSF recovery period. The results of this study showed more
muscle activation of the TrA muscle compared to the IO. In fact, all exercises resulted in
greater activation of the TrA than the isometric ADIM alone, as evidenced by contraction
ratios (thickness of contracted muscle/thickness of muscle in relaxed state) ranging from
1.66 to 1.81 for the exercises compared to 1.5 for the ADIM. As the exercises selected
were fairly simple and involved only small movements of the extremities to avoid
violating postoperative fusion precautions, this finding was encouraging. It provided
support for incorporating low-load, neutral spine exercises into the early phase of postLSF recovery, and assisted in the design of the stabilization exercise program for the
third study.
The third study was a randomized trial comparing the effects of early initiation of
a spinal stabilization exercise program to standard of care after LSF. The exercises
selected for the program were the low-load, neutral spine exercises that had been tested
and found to effectively activate the TrA in the exploratory RUSI study. It was thought
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that in addition to typical cardiovascular activity recommended by surgeons, instruction
in this program within a few days after surgery might assist in earlier restoration of the
intrinsic, stabilizing muscles of the lumbar spine. The hypothesis for this study was that
those who performed a spinal stabilization exercise program in addition to standard of
care during the immediate postoperative period would have improved pain, disability and
function over those that received standard of care alone after LSF. However, the results
indicated that the program did not have either a positive or negative impact on selfreported outcomes up to six months postoperatively.
The limitations to this project open the door to continued research and further
exploration. For example, the RUSI study recruited healthy participants without a history
of LBP or a previous lumbar spinal surgery to perform a few repetitions of simple
exercises in a controlled setting. For patients post-LSF, the results of the study may not
be applicable given factors such as muscle damage resulting from surgical dissection and
postoperative pain. Future research is needed to test and compare the ability of the
stabilization exercises to activate the targeted muscles in patients immediately following
LSF.
In the third study, the spinal stabilization exercises were performed as a home
program after a single instructional session with a physical therapist. The exercises
targeted the local stabilizer muscles (i.e. TrA, lumbar multifidus), but they were not
aimed at the global mobilizer muscles (i.e. rectus abdominis, external oblique), which
require torque production and more dynamic movement for activation. Although all
participants in the exercise group were initially challenged by the exercises, and at initial
124

instruction could only perform a few repetitions of each with correct technique, their
endurance and tolerance had improved enough by six weeks post-LSF that the majority
would have likely benefited from progression to more advanced exercises. Given no
adverse outcomes with the early intervention in this dissertation research, it is possible
that spinal surgeons will be more open to a program that progresses to incorporate both
the local and global systems later in the early rehabilitation phase after LSF. Thus, more
research is needed to design and test a progressive spinal stabilization exercise program
for patients who undergo LSF.
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