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ABSTRACT

Lumbar disc herniations often require surgery, psychosocial factors, specifically
depression, predict poor surgical outcomes. The study aimed to investigate the effects of
preoperative depression on post-operative pain and disability following discectomy
surgery. Psychological health was measured using the PHQ-8 and the Mental Component
Score of the SF-12. Disability and pain were collected using the Oswestry Disability
Index and Numeric Pain Rating Scales. Data included from 1104 patients (mean[SD]age
=43.90 [13.13]; 52% female sex) in Poisson Regression models showed depression
increased the risk of both leg pain and overall poor surgical outcomes (IRR[95% Cl]=
1.67[1.14 to 2.50] ; 1.88[1.48 to 2.40]; 1.50[0.99 to 2.29]; 1.67[1.29 to 2.16]; 1.56 1.09 to
2.24] ;1.72[1.40 to 2.10]; 1.61[1.07 to 2.43]; 1.90[ 1.46 to 2.47]; 1.92[1.20 to
3.09];2.08[1.51 to 2.86]; 1.90 [1.21 to 22.61], 1.93[1.55 to 2.40]) . Psychological factors
do have influence on recovery following discectomy surgery and should be

acknowledged pre-operatively.
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Chapter 1: Introduction

Low back pain is one of the leading causes of disability globally, in 2020 there
were 619 million recorded cases of low back pain *. Included in these cases are
degenerative diseases of the lumbar spine and which create compressive forces on spinal
nerves, herniated or bulging discs and are a primary underlying cause of radiculopathy 2-
4, Furthermore, lumbar disc herniations often require surgical intervention.

The vast majority of lumbar radiculopathy cases are caused by lumbar disc
herniations 4. Lumbar radiculopathy results in pain descending into the knee or foot.
Common symptoms include; numbness, tingling, prickling, pain to light touch, cold, and
heat °. About 5-10% of the general population suffering from low back pain will have
radiculopathy, with a lifetime prevalence of 49 to 70% 6. Lumbar radiculopathy caused
by disc herniation is a debilitating condition and has a significant impact on an
individual’s quality of life if not adequately treated.

A variety of treatment options exist for lumbar disc herniations. Conservative
treatments are considered first and can include; patient education, active exercise, manual
and physical therapy, and nonsteroidal anti-inflammatory drugs (NSAIDs) 2. While non-
invasive treatments may be effective, the majority of patients undergo surgical
intervention. Discectomy surgery is considered the gold standard surgical treatment and
involves removing the abnormal disc material that is compressing the nerve root or spinal

cord 8,



Disc disorders, back pain and radiculopathy cost the United States health care
system over $1 billion annually, with $300 million being spent on discectomy surgeries °.
In addition, the number of lumbar surgeries in Ontario, Canada rose from 6.2 to 14.2
procedures per 100 000 between 1993 and 2012. Lumbar disc degeneration and
herniation accounted for 4% of these observed cases. Furthermore, direct medical costs
rose from $13 million in 2002 to $24 million in 2012 with the overall total of $176
million in combined medical costs °.

Depression and depression risk are known predictors of lumbar surgical
outcomes. Increased pre-operative depressive symptoms can result in increased pain and
disability, decreased return to work, and decreased surgical satisfaction following lumbar
surgery %13, Baseline depression is associated with increased pain 6-months post-
operatively for lumbar spinal stenosis surgery 4. In addition, patients with depressive
symptoms had higher Oswestry Disability Index (ODI) and pain scores 3-months and 10-
years post operatively following lumbar stenosis surgery 3. While depression is
correlated with negative surgical outcomes following lumbar surgery, the effects of
depression on post-operative pain and disability after discectomy surgery is currently
unknown.

Given the prevalence, cost, and invasive nature of surgical intervention for disc
related lumbar radiculopathies, research in this area is crucial for informed clinical

decision making. Therefore, the aim of the current study are to estimate the effects of



preoperative psychological factors on postoperative pain and disability measures in

patients undergoing discectomy surgery for treatment of lumbar radiculopathy.



Chapter 2: Literature Review

2.1 Lumbosacral Radiculopathy

Lumbosacral Radiculopathy is one of the most common disorders seen by
neurosurgeons. Degenerative diseases of the lumbar spine are the primary underlying
cause of radiculopathy and create compressive forces on the spinal nerves through
herniated or bulging discs 2. Sciatica is the most common type of lumbar radiculopathy
and is characterized by radiating pain in the leg that descends below the knee and into the
foot. Roughly 90% of radiculopathy cases are caused by lumbar disc herniations 4.
Patients experiencing lumbar radiculopathy may describe the pain as sharply dull, aching,
burning, throbbing, electric, or sharp 22. L4-L5 radiculopathy is most common and is
often caused by disc herniations, although L1-L4 radiculopathy is possible, but rare 3.
The Spine Outcomes Research Trial found that L4-L5 and L5-S1 herniations are the most
common . Common symptoms described by individuals with disc related lumbar
radiculopathy are; numbness sensation [reported by 94%], sudden pain attacks tingling or
prickling [88%], burning, pain to light touch, and pain to cold or heat were also reported
[61%, 37 %, 33% respectively] °.

Diagnosis of lumbar radiculopathy can be a done through a combination of
clinical diagnosis and imaging 2. History and clinical diagnosis are the most common
method for diagnosing lumbar radiculopathy. Patients will report pain that radiates

through the leg that will follow a predictable dermatomal pattern . If the pain is related



to a herniated disc, it will be exacerbated by leaning forward, sitting, coughing or
straining and will be relieved by laying down or walking 2. There are a variety of physical
examinations that can be performed; Lesegue’s sign is when leg pain is reproduced in the
gluteal region with passive straight leg raising, and can be used to diagnose if the
radiculopathy is caused by nerve root compression [sensitivity of 91%, specificity of
26%] 5. In addition, L4 radiculopathy causes weak knee extension and hip abduction,
and a foot drop is also seen with L5 radiculopathy. S1 radiculopathies are commonly
caused by disc herniations and are associated with weak plantar flexion, knee flexion and
hip extension 2. The Crossed Straight Leg test is able to determine if the radiculopathy is
caused by disc herniation. The test involves the unaffected leg being flexed and the
patient may encounter pain localized on the affected side. The test has a high specific
[88%] for disc related lumbar radiculopathy, but only a sensitivity of 29% ©. While
clinical and historical diagnosis are accurate, Magnetic Resonance Imaging (MRI) is the
preferred way to conclude the cause of the reported lumbar radiculopathy 6-18, Due to the
high prevalence of disc herniations and degenerative spinal stenosis in older patients,
historical and physical examination can help determine the relevance of MRI findings
17,18 'MRI imaging without contrast is the optimal method as it allows for the
compression of the nerve root to be more visible. Electromyography (EMG), nerve
conduction velocities (NCV) and somatosensory evoked potentials (SSEP) can help
differentiate the radiculopathy from other disorders of the peripheral nervous system but

are only necessary in complex cases 2.



The development of lumbar radiculopathy is most commonly caused by nerve
root compression, either from disc herniation or spondylosis. Disc herniations can be by
caused by an acute injury or chronic degeneration of the spine and intervertebral disc.
Disc herniations cause activations of the pain fibers surrounding the tissues such as
ligaments, vessels or dura mater. In addition, spondylosis results in the narrowing of the
spinal canal, neural foramen or the lateral recess. The most common cause of this canal
narrowing is degenerative arthritis of the spine, other possible causes are infection,
trauma or vascular disease *°. Risk factors for the development of lumbar radiculopathy

are; 50 years of age or older, history of cancer or unexplained weight loss 2.

2.2 Treatment/Therapy

There are various treatments available for lumbar radiculopathy, and surgical
treatment is considered only when conservative treatments have failed. The initial
management of acute radiculopathy symptoms is rest and physical therapy. Progressive
neurological deficits, such as bowel and bladder disfunction, or numbness are considered
an emergency. However, slower symptom development (motor weakness and
paresthesia) can be consulted by spinal surgery to discuss conservative and non-
conservative treatments 4°. Conservative treatments can include; patient education, active
exercise, manual and physical therapy, and nonsteroidal anti-inflammatory drugs
(NSAIDs). If conservative treatments fail, spinal or pain injections are often the next
treatment. Spinal injections can include epidural steroid injections, facet injections or

transforaminal injections, and have all been shown to provide long term relief 2.
6



Normally, if 6 weeks of conservative treatments are unsuccessful, surgery is then
considered. The timing of surgery is based on symptom severity and has been shown to
be of greater benefit to patients with more severe symptoms 2°. An observational cohort
study that followed patients with lumbar radiculopathy and herniated discs for 8 years
determined that patients who received surgical treatment by 6 weeks had superior
surgical outcomes *°.

Discectomy surgery as treatment for lumbar radiculopathy caused by a disc
herniation is considered the gold standard by the spinal surgical community 8. A
systematic review has also found that the discectomy procedures produce the most
satisfactory results including symptom relief °.

Surgical Technique

1. A4-5cm incision is made from one spinous process to another, depending on
herniation level. The skin is pulled back using a Beckman retractor;

2. The aponeurosis is cauterized and the multifidus is released from the spinous
process on one side using a Cobb bone curette, until the joint is visible. The
muscle is retracted using a Taylor retractor on the lateral side of the joint;

3. The ligamentum flavum is exposed and fluoroscopic control is done to confirm
the herniation level;

4. The ligamentum flavum is opened and dura mater pushed back to expose the

compressed neural structures;



5. Disc forceps are used to remove the herniated disc material, leaving behind the
remaining healthy disc;

6. Any potential Cerebrospinal fluid leak is cleared and the patient is closed ’

2.3 Economic consequence

Discectomy and low back surgery pose a large cost burden, both directly and
indirectly. An international comparison study done in 1994 found that the United States
had 40% more low back surgeries when standardized for surgeons per capita 2°. Today,
lumbar radiculopathy is one of the most common complaints evaluated by a spinal
surgeon, it is estimated that 3-5% of the population will see a spinal surgeon for lumbar
radiculopathy 2. In general, 5-10% of patients with low back pain suffer are estimated to
suffer from radiculopathy with a lifetime prevalence of low back pain being 49-70%. In
addition, the annual prevalence of disc related sciatica is 2.2% ©. Disc disorders, back
pain and radiculopathy cost the US health care system over $1 billion annually with $300
million being spent on discectomy surgeries °. The number of instrumented lumbar
surgeries in Ontario, Canada rose from 6.2 to 14.2 procedures per 100 000 between 1993
and 2012. Lumbar disc degeneration and herniation accounted for 4% of these observed
cases. In addition, the direct medical costs rose from $13 million in 2002 to $24 million

in 2012, with an overall total of $176 million in medical costs over this period *°.



2.4 Outcome Measures

There are a variety of available tools that can be used to measure postoperative
outcomes following discectomy surgery. The current study uses the Oswestry Disability
Index (ODI) and the Numeric Pain Rating Scales (NPRS). However, there are a variety of

other measures that have been used in previous studies.

2.4.1 Oswestry Disability Index

The ODI was developed to assess pain-related disability in individuals with acute,
subacute or chronic low-back pain. A systematic review of the ODI and its publications
has found 4 versions since its original publication in 1980 2122, The questionnaire covers
1 item on pain and 9 items on activities of daily living including; lifting, walking, sitting,
standing, sleeping, sex life, social life and travelling. Each item is measured on a 6 point
scale which ranges from best case scenario to worst case scenario. The total scores can be
calculated and range from 0 (no disability) to 100 (maximal disability). The ODI requires
little administration or training and takes less than 5 minutes to complete, which provides
an easy and reliable way to measure disability in patients 2.

The ODI has been shown to have a high test-retest reliability [r=0.83-0.99 %]
[r=0.84 22] in patients with various low back pain disorders, including lumbar
radiculopathy and disc herniations. The ODI also demonstrates adequate internal
reliability [chronbach’s alpha= 0.74-0.77 24, chronbach’s alpha= 0.71-0.8723, chronbach’s

alpha= 0.71-0.81 ??]. The minimal detectable change (MDC), or the amount of change



that accounts for measurement error, for the ODI for general low back pain is variable
[MDC=13.6; SEM=0.880 %, MDC=4.0-6.0 26]. Specifically for patients with
degenerative disc disease the MDC is 11.75 with an SEM=4.24 ?’, In addition, the ODI is
considered a valid measure when compared with pain scores on the visual analogue scale
(VAS) or the numeric pain rating scales (NPRS) [r=0.75, p<0.001] 2. The modified ODI,
with the question regarding sex life removed, showed high correlations with the original
ODI [ICC=0.90, C1=0.78-0.96] %.

The minimal clinically important change (MCIC) is the smallest amount of
change in a measurement where a patient sees beneficial change. When looking at the
MCIC in general lumbar spine surgery, a systematic review found that the MCIC can
range from 4.0-15.0 on a 100 point scale. It was proposed from this study that an MCIC
of at least 10.0 was required on the ODI for lumbar spine surgery . In addition, a
prospective review study stated that 12.8 points on the ODI was found to be the MCIC in
patients undergoing lumbar spine surgery 3. An alternative approach to the MCIC is the
patient acceptable symptom state (PASS) which establishes an absolute cut-off value
representing the point at which patient’s consider their health to be acceptable. A cross-
sectional study looking at the PASS estimate of the ODI concluded a score of greater
than or equal to 22.0 on the 100 point scale for surgery of degenerative diseases of the
lumbar spine *2. Furthermore, a cohort determined the criteria for success for “completely
better results” on the ODI and found that a change of 20.0 points on the ODI was

required [66% success rate] 2.

10



When looking at discectomy surgery specifically, the MCIC for achieving benefit
for disc herniation was 16.9 with a 32% change [sensitivity=77.2%, specificity= 85%].
Furthermore, change for substantial benefit was 22.0 or 60.6% change

[specificity=80.6%, sensitivity=72.5%] 3.

2.4.2 Numeric Pain Rating Scales

The Numeric Pain Rating Scale (NPRS) is an 11, 21 or 101 point scale where a
patient ranks their pain. However, the NPRS has been found to be sufficient on a smaller
11 or 21 point scale since patients naturally default to 5 or 10 point increments *°. The
end points of the scales are the extremes of no pain or pain as bad as it could be and can
be presented graphically or visually. On the 11-point scale, the individual rates their pain
between 0 (no pain) and 10 being the worst pain imaginable 3. NPRS are easy to
administer with roughly 90% of patients able to rate their pain on an NPRS with minimal
prompting 7.

The NPRS is a reliable measurement with good test-retest scores in patients with
lumbar disc herniations [ICC=0.991] %. The MDC of the NPRS for patients with low
back pain is 2 points on the 0-10 scale 3°. The NPRS is considered a valid measurement
of pain when compared to several other pain rating scales used for various pain sources
3740, The Spearman correlations range from 0.64-0.90 when compared to the Verbal
Descriptor Scale, Revised Faces Pain Scale and the lowa Pain Thermometer ¥’. A survey
in university-aged students found a strong correlation [r=0.90] between the visual

analogue scale and the NPRS for general pain rating. Students also indicated that 31%
11



preferred to rank their pain on the NPRS “L. In low back pain specifically, there is a high
correlation between the VAS and NPRS as well [r=0.97, p<0.001] %.

The MCIC for the 11-point NPRS that exceeds the expected measurement error
and represents meaningful clinical change is 2 points #2. Previous systematic reviews
have found that scientific papers use a 50% reduction in pain as a statistically significant
change while clinical important change in pain as reported with “much improved” or
“very much improved” that related to a 30% reduction in pain 3. A systematic review on
the NPRS for low back pain found 5 studies that used 1.0-4.50 as the MCIC. Using that
data, Ostelo et al., suggested that 2.0 points [or 30% improvement] would be an
acceptable MCIC %, In addition, 2.5 points on a back pain NPRS and 3.5 on a leg pain
scale [success rate of 67%] are needed for a “completely better” result when looking at
disc herniation 33. In order to achieve “benefit” following disc herniation surgery an
MCIC for back pain is 2.0 [sensitivity=82.7%, specificity=90.0%] and 3.0 for leg pain
scales [sensitivity=72.5, specificity=75.6] **. For “completely better” to be achieved back

pain NPRS must improve by 2.5 and 3.5 for leg pain [success rate of 67%] .

2.5 Outcome Predictors

Previous prospective research studies have identified possible predictors of
clinical outcomes following lumbar discectomy surgery for lumbar radiculopathy. It has
been seen that better preoperative mental health scores produce better outcomes,

especially in terms of patient satisfaction following discectomy surgery 3. The current

12



study places particular emphasis on psychological factors, specifically depression, and its
effects on discectomy outcomes, including postoperative pain and disability.

A systematic review of psychosocial predictors on outcomes following lumbar
spine surgery found 8 studies, found that 60% studies had depression as a statistically
significant predictor of poor surgical outcomes 2. In addition, when primarily looking at
back pain levels, individuals that have higher depression levels or risks prior to surgery
continue to have higher pain levels after surgery 4. Similarly, 36 (49.3%) patients with
relevant depressive symptoms at baseline had higher Visual Analogue Scale pain levels at
baseline, 3 -months and 12-months post-discectomy. Furthermore, the impact of
depressive symptoms on long-term surgical outcomes was found to be an independent
predictor of poor outcomes at follow-up [t=7.120, p<0.001] 4. A prospective cohort
study found that preoperative depression and somatic awareness were predictive of
clinical meaningful improvement in disability and quality of life following lumbar
discectomy. Each point on the Zung Depression Scale is associated with an 11% less
likelihood of achieving an MCIC on the ODI 4,

The overall impact of depression on lumbar surgical outcomes has been shown
that individuals with depressive symptoms are two times less likely to experience
disability improvement post-operatively 1*. A prospective study also found that
individuals who reported improved back and leg pain following lumbar surgery also
reported less distress and depressive symptoms prior to surgery 4’. Depressive symptoms

has been related to poorer surgical results following lumbar spinal stenosis surgery. A

13



systematic review determined that baseline depression on the Zung Depression Scale was
associated with increased pain at the 6-month follow-up for lumbar spinal stenosis
surgery [P=0.05] . Furthermore, a longitudinal analysis on lumbar spinal stenosis
yielded similar post-operative clinical outcomes. Patients with depression were more
likely to experience poor leg outcomes [OR=2.10, 95% Cl=1.33-3.31] as well as poor
overall outcomes [OR=2.03, 95% CI=1.12-3.69] 8. Observational prospective studies
have also found that depressive symptoms result in poorer short and long term post-
operative improvement for lumbar spinal stenosis surgery. Patients with continuous
depression had less improvements in symptom severity, disability scores, pain intensity
and walking capacity at the 3-month follow up #°. Similarly, patients with higher
depressive symptoms had higher Oswestry Disability Index (ODI) scores 3-months and
10 years post-operatively as well as higher VAS scores and shorter walking distances 3.
In a prospective cohort study, it was determined that patients with preoperative
depression had poorer ODI and quality of life scores at baseline, 3-and 12-months post
lumbar surgery. The depressive symptoms were also associated with a longer hospital
stay following surgery >°. Moreover, individuals that had lower psychological distress
levels had lower pain levels follow elective lumbar surgery [p=0.003]. Depression
specifically was related to poorer results on the ODI following surgery [P=0.036] 5.
Depressed patients undergoing surgery for degenerative lumbar spine conditions not only
show increased scores on the leg VAS, but also on the ODI %2, A retrospective review of

preoperative depression on quality of life outcomes following lumbar fusion surgery

14



found that greater depression [OR=0.93, P<0.001] and pain [OR=0.99, P=0,02] were
associated and resulted in diminished postoperative improvement 3. Furthermore,
patients with depression suffer from back pain more frequently [81-88%] following non-
traumatic lumbar surgery compared to non-depressed patients [41%] 5. Poorer overall
mental health scores are also correlated with lower physical function, elevated pain
scores and higher disability following minimally invasive transforaminal lumbar
interbody fusion %°. Depression has also been shown to be a negative predictor of post-
operative return to work. Only 10.6% of patients with depression returned to work
following lumbar fusion surgery [OR=0.38, P<0.001] . Finally, individuals with
preoperative depression not only have longer hospital stays, but are often discharged to
an external service or care home [OR=1.9, 95% Cl=1.1-3.4] %'.
Other Prognostic Factors

Several non-psychological factors have been associated with pain and disability
follow lumbar spine surgery. A systematic review of preoperative predictors of
discectomy surgery outcomes found that smoking was generally associated with poorer
outcomes in terms of VAS-leg, VAS-back and disability questionnaires. In addition,
younger individuals generally have better post-operative outcomes “3. Shorter duration of
symptoms preoperatively has also been associated with better postoperative discectomy
outcomes. Patients that have 6-weeks or less of preoperative pain show a larger

percentile decrease in pain intensity following surgery 8. In general lumbar surgery,
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fewer preoperative symptoms, higher self-rated health, walking ability and functional

disability are all correlated with higher postoperative outcomes 1444,

2.5.1 Patient Health Questionnaire-9

The Patient Health Questionnaire-9 (PHQ-9) is a 9-item self-reported
questionnaire for the diagnosing of depression risk according to the criteria in the 41
Edition of the Diagnostic and Statistical Manual of Mental Disorders (DSM-1V). One of
the 9-items deals with suicidal ideation and has been identified as a potential problem
when administering to a larger population. The PHQ-9 has therefore been shortened to
the PHQ-8 to remove the ninth item %°. The PHQ-9 is a 3-page document that can be
self-administered by the patient. The scores can range from 0-27 since each item is
ranked from O (not at all) to 3 (nearly every day) .

The internal reliability for the PHQ-9 and the PHQ-8 are high with no statistical
significance between the two versions [Chronbach’s alpha PHQ-9=0.88; Chronbach’s
alpha PHQ-8= 0.88] 5%, In addition, there is high internal reliability with the PHQ-9
administered in person or over the phone [chronbach’s alpha=0.84] which provides the
clinician with reliable options for administering the questionnaire 2. The PHQ-9 is a
valid measure of depression in the populations previously diagnosed with depression with
the group main effect and all paired comparisons with the PHQ-9 being highly significant
[P<0.001] &. When validated against previous depression diagnosis, a score on the PHQ-
9 greater than 10 shows an accurate risk for depression [sensitivity= 70%, specificity =

84%] 6°. There is also a correlation between the PHQ-9 and SF-12 in patients undergoing
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minimally invasive lumbar discectomy [r>0.647 for 6-week, 12-week, 6-month and 12-

month follow-up] 8.

2.5.2 Short Form Health Survey

The Short Form Health survey-36 (SF-36) is a survey that was designed to
address the 8 dimensions of health; physical functioning, bodily pain, role limitations due
to physical health problems, social functioning, general mental health, role limitations
due to emotional problems, vitality and general health. It addresses 36 items in 11
questions and 2 scores can then be obtained from this, the physical component score
(PCS) and mental component score (MCS) . It had been suggested that the scores can
be counted separately, for two different components, combining the two measures may
cause poorer validity due to systematic errors . In addition, the shorter version, the SF-
12 has produced nearly identical scores when compared to the SF-36. The shorter version
can be particularly useful when distributing to a larger population size 78,

The SF-36 is a reliable measure good test-retest scores [ICC=0.84338; ICC= 0.79-
0.83 7] in patients with chronic low back pain. There is also adequate internal
consistency within the questionnaire [chronbach’s alpha= 0.60-0.87 %; chronbach’s
alpha= 0.79-0.83 °; Chronbach’s alpha= 0.859 "*; Cjronbach’s alpha= 0.802 3®]. In
addition, the SF-12 and SF-36 show strong correlations for patients undergoing lumbar
surgery [(0.967-0.934, P <.001] %.The MCS of the SF-12 provides a summary score,
with scores ranging from 0 to 100. Individuals scoring below 46 can be categorized as

experiencing depression, while scored less than 37 can be categorized as having severe
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psychological symptoms 72. The MDC on the MCS for patients with lumbar disc
herniations is 1.71 [95% CI = 1.52-1.91] and the SEM is 3.93 3. The Short-form Health
Survey is a valid measure with strong Pearson correlation coefficients between the PHQ-
8 and SF-12 at all time points following minimally invasive discectomy surgery [r>0.647,

P<0.001] &,

2.6 Knowledge Gap

This study aims to investigate the current gap in knowledge of depression and
depression risk and how it may impact post-surgical pain and disability ratings following

discectomy surgery for lumbar radiculopathy.
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Chapter 3: Scientific Article

3.1 Introduction

Low back pain is one of the leading causes of disability globally, in 2020 there
were 619 million recorded cases of low back pain *. Included in these cases are
degenerative diseases of the lumbar spine which can create compressive forces on spinal
nerves, herniated or bulging discs and are a primary underlying cause of radiculopathy -
4. Furthermore, lumbar disc herniations often require surgical intervention.

The vast majority of lumbar radiculopathy cases are caused by lumbar disc
herniations 4. Lumbar radiculopathy results in pain descending into the knee or foot.
Common symptoms include; numbness, tingling, prickling, pain to light touch, cold, and
heat °. About 5-10% of the general population suffering from low back pain will have
radiculopathy, with a lifetime prevalence of 49 to 70% ©. Lumbar radiculopathy caused
by disc herniation is a debilitating condition and has a significant impact on an
individual’s quality of life if not adequately treated.

A variety of treatment options exist for lumbar disc herniations. Conservative
treatments are considered first and can include; patient education, active exercise, manual
and physical therapy, and nonsteroidal anti-inflammatory drugs (NSAIDs) 2. While non-
invasive treatments may be effective, the majority of patients undergo surgical

intervention. Discectomy surgery is considered the gold standard surgical treatment and
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involves removing the abnormal disc material that is compressing the nerve root or spinal
cord "8,

Disc disorders, back pain and radiculopathy cost the United States health care
system over $1 billion annually, with $300 million being spent on discectomy surgeries °.
In addition, the number of lumbar surgeries in Ontario, Canada rose from 6.2 to 14.2
procedures per 100 000 between 1993 and 2012. Lumbar disc degeneration and
herniation accounted for 4% of these observed cases. Furthermore, direct medical costs
rose from $13 million in 2002 to $24 million in 2012 with the overall total of $176
million in combined medical costs °.

Depression and depression risk are known predictors of lumbar surgical
outcomes. Increased pre-operative depressive symptoms can result in increased pain and
disability, decreased return to work, and decreased surgical satisfaction following lumbar
surgery 113, Baseline depression is associated with increased pain 6-months post-
operatively for lumbar spinal stenosis surgery 4. In addition, patients with depressive
symptoms had higher Oswestry Disability Index (ODI) and pain scores 3-months and 10-
years post operatively following lumbar stenosis surgery 3. While depression is
correlated with negative surgical outcomes following lumbar surgery, the impacts of
depression on post-operative pain and disability after discectomy surgery is currently
unknown.

Given the prevalence, cost, and invasive nature of surgical intervention for disc

related lumbar radiculopathies, research in this area is crucial for informed clinical
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decision making. Therefore, the aim of the current study are to estimate the effects of
preoperative psychological factors on postoperative pain and disability measures in

patients undergoing discectomy surgery for treatment of lumbar radiculopathy.

3.2 Methods

3.2.1 Study Design and Participants

Data was collected from patients seen at 1 of 22 spine centers participating in the
Canadian Spine Outcomes and Research Network (CSORN). The network centers collect
patient-level data to investigate various clinical outcomes for patients undergoing surgery
for a variety of spinal pathologies. The current study used prospectively collected
CSORN data from patients who underwent lumbar discectomy surgery for lumbar
radiculopathy. Disability and pain outcomes were collected and analyzed pre-operatively,
and 3, 12 and 24 months post-operatively. The study protocol was ethically approved by
the University of New Brunswick (REB # 2023-188)

We included data from patients who underwent open or minimally invasive
discectomy surgery for treatment of lumbar radiculopathy caused by lumbar disc
herniation. Individuals with fusion procedures, deformity, fracture, infection or
inflammatory spine disease, spondylolisthesis, degenerative spinal stenosis, tumour or

any previous spinal surgery were excluded.
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3.2.2 Psychological Health

Depression or Depression Risk

Depression and Depression risk were collected only at the pre-operative time
point. The PHQ-8 was used to measure depression risk. The PHQ-8 is a validated
measure of depression or depression risk in the general population %° as well as in patients
undergoing spinal surgery 3. Scores equal to or greater than 10 on the PHQ-9 are
associated with a moderate-to-severe risk of depression. This cut-off point has a
sensitivity and specificity of 88% ©°. In addition, there is no statistical significance
between the PHQ-9 and the PHQ-8 6061,
Mental Component score of the SF-12

The Short-Form 12-item health survey is used to collect health-related quality of
life data. This survey gives a mental component score (MCS) and a physical component
score (PCS); the mental component score is of particular interest to this study. Higher
scores on the MCS are related to higher quality of life and higher mental well-being. We
used two different scores on the MCS to identify two mental health states. Individuals
scoring below 46 on the MCS were labeled as experiencing depression, and those with
scores under 37 were categorized as having severe psychological symptoms 72, These
different cut-points were determined through comparisons of the results of structured
composite international diagnostic interview, version 2.1 2. The SF-12 is a valid and

reliable measures in patients with low back pain and/or patients undergoing lumbar spine
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surgery 326789 |n addition, the SF-12 is a valid measure of mental well-being and quality

of life in patients undergoing minimally invasive discectomy surgery 64,

3.2.2 Clinical Outcomes

Clinical outcome measures were collected at the preoperative baseline, and 3, 12,
and 24-months post operatively. Back pain intensity was assessed using an 11 -point
Numeric Pain Rating Scale (NPRS). Possible scores range from zero (i.e., ‘no pain’) to
eleven (i.e., ‘the worst imaginable pain). The NPRS is reliable in patients with lumbar
disc herniations [ICC=0.991] . It is also a valid measurement of pain for diverse pain
origins 3749, The levels of Minimally Clinically Important Change (MCIC) in patients
with lumbar disc herniations range from 2.0 to 4.0 to achieve significant improvement
following discectomy surgery .

Disability was measured with the Oswestry Disability Index (ODI). The ODl is a
widely used disability questionnaire for low back pain. It covers 10 items that assess
functional status. The questionnaire is scored on a 100 point scale, with higher scores
representing greater pain-related disability 22. Scores are grouped together into categories:
minimal disability (0-20), moderate disability (21-40), severe disability (41-60), crippled
(61-80), and bedbound (81-100) 2%. The ODI is a valid and reliable measure of low back
pain and disability in a clinical setting [R=0.75; ICC= 0.90] %¢2°, The MCIC is 16.9

points or a 32% change for patients following disc herniation surgery 3.
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3.2.3 Potential Confounders and Additional VVariables

We collected clinical and health data using standardized forms. All data is kept
within the CSORN registry. Additional variables such as age, education, working status,
height, sex and weight were collected at the initial assessment.

Potential confounders for the relationship between depression and post-operative
pain are: age, sex, smoking status, education level, working status and baseline pain.
Possible confounders for the relationship between depression and post-operative
disability are: age, sex, smoking status, working status, education level and baseline

disability.

3.2.4 Data Analysis

All statistical analyses were performed using STATA/SE versions 18 (StataCorp,
College Station, TX). Doubly Robust estimates of the average treatment effect were
constructed by combining exposure (propensity score) and outcome (regression)
modelling in order to estimate the average treatment effects of depression and depression
risk on the outcomes of leg pain, back pain and disability .

The study builds on previous work done by part of our research group that
identified trajectory models for pain and disability for patients undergoing lumbar
discectomy surgery as treatment for lumbar radiculopathy. The researchers created a
trajectory groups based on leg pain, a characteristic symptom of lumbar radiculopathy

and on overall surgical outcome that included leg pain, back pain, and disability levels.
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For the purposes of this research, the ‘excellent’ and ‘good’ outcomes were combined
and the results will be coded as a binary variable of poor outcome or not.

We first estimated covariate balancing propensity scores (CBPS) to help balance
exposure groups and major confounders . We then examined covariate balance by
having the standardized differences for confounders be less than 0.1, and between 0.5 and
2.0 for the exposure groups and variance ratios 7677, We also visually inspected the
distribution of propensity scores with overlap plots (Appendix 111)’6. The propensity
scores were then converted to inverse probability of treatment weights to be used in later
regression models.

We used weighted Poisson Regression models to estimate the average treatment
effects. These results are reported as risk ratios and marginal risk estimates to show the
probability of poor outcomes in each exposure group. Roust Poisson models are preferred
with common binary outcomes as they yield less inflated and more precise estimates
compared to logistic regressions 87°, To determine if the results were influenced by
surgeon clustering, we conducted an analysis incorporating this as a variable and
comparing the results with the original analysis. However, there was no evidence that
clustering and no significant differences between the different models.

We applied two adjustment sets due to the unclear path between psychological
variables and postoperative pain and disability &. Initially, we controlled for a certain
number of confounding variables to minimize the risk of overadjustment bias 8; age, sex,

education, and smoking status (simple adjustment set). Next, we constructed models that
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additionally control for the physical component of the SF-12 and surgical wait time

(inclusive adjustment set).

3.2.5 Sensitivity Analyses

We then conducted sensitivity analyses to explore the potential bias due to
unmeasured confounders as well as extreme inverse probability of treatment weights. E-
value methods were used to estimate the potential for unmeasured confounders in all
models 8. E-values measure how much influence an unmeasured factor would require to
completely justify or cancel the observed treatment effect, based on the measured
variables. To assess how extreme weights affect variance inflation, we cut off the inverse

probability weights at 5% and 95% on all models®.

3.3 Results

We included data from 1104 patients (52% female sex) from the 22 spine centers.
The mean (SD) age of all patients was 43.90 (13.13) years. Baseline demographic and

health data are reported in Table 1.
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Table 1. Demographic and preoperative data

Variable Sample Size Value
Age 1104 43.90 +
13.13
Sex (female) 1104 582 (52.72%)
Education
High school Diploma or less 1104 354 (32.07%)
Technical or Associates degree 202 (18.30%)
University/College Degree 548 (49.63%)
Smoking 1104 218 (19.79%)
Moderate to Severe Depression Risk (PHQ-8 >10) 1104 631 (57.16%)
SF-12 MCS Depression 1079 688 (63.76%)
SF-12 MCS Severe Psychological Symptoms 1079 358 (33.18%)

NPRS= Numeric Pain Rating Scale; PHQ-8 = Patient Health Questionnaire; SF-12
= Short Form Health Survey; MCS= Mental Component Score

@Values are reported as a value (percentage of patients) or mean + SD

3.3.1 Discectomy Trajectory Results:

The previous trajectory research found that 11.4% of the patient population
experienced a poor surgical outcome in regard to leg pain (Figure 1) and 28% of the

population experienced a poor overall surgical outcome (Figure 2).
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Figure 1. Trajectories of leg pain outcome following discectomy surgery.
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Figure 2. Trajectories of leg pain, back pain and disability outcomes following

lumbar discectomy surgery.
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3.3.2 Outcome Predictors

Depression Risk

Roughly 60% of patients were identified as being at a moderate-to-severe risk of
depression (PHQ-8 > 10). When accounting for common confounders (simple adjustment
set), moderate-to-severe depression risk predicted nearly double the risk of poor leg pain
(IRR [95% CI] =1.70 [1.14 to 2.50]) and poor overall (IRR [95% CI] =1.88 [1.48 to
2.40]) outcomes (Figure 3).

After accounting for further confounding variables (inclusive adjustment set), the effects
of depression risk these outcomes were similar. Moderate-to-severe depression risk was
associated with roughly a 1.5 times greater risk of poor leg pain (IRR [95% Cl]= 1.61
[1.07 to 2.43]) and nearly double the risk of poor overall (IRR [95% CI] = 1.90 [1.46 to
2.4]) outcomes (Figure 3).

Mental Component Scores

Approximately 60% (57.16%) of patients were identified to have depression on
the SF-12 MCS. Depression effects on leg pain outcomes were non-significant for the
MCS for the simple model. However, it was associated with an increased risk of a poor
overall outcome (IRR [95% CI] = 1.67 [1.29 to 2.16]) (Figure 3).

When adjusting for further confounders in the inclusive adjustment set,
depression on the MCS was associated with poor leg and overall outcomes. Patients with
depression had roughly double the risk of both poor leg and overall outcome respectively
(IRR [95% CI] = 1.92 [1.20 to 3.08] ; 2.07 [1.51 to 2.86]) (Figure 3).
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Figure 3. Effects of predictors of poor leg pain and overall surgical outcome for
the simple (left) and inclusive (right) adjustment sets, reported as incidence rate

ratios and 95% confidence intervals.
PHQ-8 = Patient-Health-Questionnaire-8; MCS = Mental Component Score ®Red

indicates a significant increased risk of poor outcome.

Approximately 30% of patients were identified to have severe psychological
symptoms based on the SF-12 MCS. Severe symptomology resulted in roughly a 1.5
times greater risk of having poor leg pain (IRR [95% CI] = 1.55 [1.09 to 2.24]) and poor
overall outcomes (IRR [95% CI1] = 1.72 [1.40 to 2.10] (Figure 3).

When accounting for further confounders, severe psychological symptoms on the
MCS was then associated with increased risk of poor leg and overall outcomes. severe
psychological symptomology resulted in roughly 1.5 times greater risk of having a poor
leg pain outcome (IRR [95% CI]=1.78 [1.21 to 2.61]) and nearly double the risk of a

poor overall outcome (IRR [95% CI]= 1.93 [1.55 to 2.40]) (Figure 3).
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Sensitivity Analysis

Sensitivity analyses indicated that in the case of moderate-to-severe depressive
risk, unmeasured confounders associated with both depressive risk and leg pain outcomes
would need considerable strength to explain away the effect in both adjustment sets.
Unmeasured confounders with an impact of 1.34 or greater could shift the confidence
interval to include the null for both adjustment sets. For overall surgical outcome and
moderate-to-severe depressive risk, unmeasured confounding would need to have a 3-
fold impact on both the exposure and the outcome in both adjustment sets. Unmeasured
confounders with an impact of 2.31 to 2.28 could shift the confidence interval to include
the null.

For the MCS depression scores, unmeasured confounding would need roughly a
3-fold impact to explain away the results for leg pain outcomes in the inclusive model.
An impact of 1.70 would be required to shift the confidence interval to include the null.
In terms of overall outcomes, unmeasured confounding would need to effect both the
exposure and outcome by 2.72 and 3.57 on the risk ratio scale to explain away the effects.

For severe psychological symptoms on the MCS, unmeasured confounding would
need over double the impact for leg pain outcomes in order to explain away the results.
Unmeasured confounding would also need a risk ratio over 1.5 to shift the confidence
interval to include the null. For overall surgical outcome, unmeasured confounding would

need roughly a 3-fold impact on both the exposure and the outcome in order to do away
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with the relationship. As well as at least 2.15 on a risk ratio scale to shift the confidence

interval to include the null (Table 2 & 3).

Table 2. E-values with their corresponding IRRs and 95% confidence intervals for

the simple adjustment set.

Model

Value

E-value Point

IRR (95% CI) Estimate (Lower-
Bound Estimate)
Moderate-to-Severe Depression Risk — Leg
Pain 1.69 (1.39 to 2.50) 2.77 (1.34)
Moderate-to-Severe Depression Risk —
Overall Outcome 1.88 (1.48 to 2.40) 3.17 (2.31)
Mental Component Score Depression — Leg 150 (0.99 t0 2.29) i
pain ’ ' '
Mental Component Score Depression — 1.67 (1.29 to
Overall Outcome 2.16) 2.72 (1.89)
Mental Component Score Severe
Psychological Symptoms — Leg Pain 156 (1.09 10 2.24) 2.49(1.39)
Mental Component Score Severe 172 (140 t0 2.10) 2.83 (2.15)

Psychological Symptoms — Overall Outcome

Table 3. E-values with their corresponding IRRs and 95% confidence intervals for

the inclusive adjustment set.

Model

Value

E-value Point

IRR (95% CI) Estimate (Lower-
Bound Estimate)
Moderate-to-Severe Depression Risk — Leg
Pain 1.61 (1.07 to 2.43) 2.60 (1.34)
Moderate-to-Severe Depression Risk —
Overall Outcome 1.90 (1.46 to 2.47) 3.20 (2.28)
Mental Component Score Depression — Leg
pain 1.92 (1.20 to 3.07) 3.26 (1.70)
Mental Component Score Depression —
Overall Outcome 2.08 (1.51 to 2.86) 3.57 (2.38)
Mental Component Score Severe
Psychological Symptoms — Leg Pain 1.78 (1.20 t0 2.61) 2.95 (1.71)
Mental Component Score Severe 1.93 ( 1.55 to 2.40) 327 (2.47)

Psychological Symptoms — Overall Outcome
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When conducting an analysis truncating the weights at 5% and 95% , the results
remained essentially unchanged. Only minor changes were seen between the two
different analyses, with either no effect or very small increases in the risk ratios (Table 4
& 5). The consistency between the main analysis and sensitivity analysis indicates that

our models were not heavily influenced by the extreme probabilities.

Table 4. IRRs and confidence intervals for the simple adjustment set and truncated
weight analysis.

Truncated Weight
Model Analysis IRR (95%
CDh

1.70 (1.15, 2.52)

Moderate-to-Severe Depression Risk — Leg
Pain
Moderate-to-Severe Depression Risk —
Overall Outcome
Mental Component Score Depression — Leg
pain
Mental Component Score Depression —
Overall Outcome
Mental Component Score Severe
Psychological Symptoms — Leg Pain
Mental Component Score Severe
Psychological Symptoms — Overall Outcome

1.90 (1.48, 2.40)
1.56 (1.02, 2.37)
1.70 (1.30, 2.20)
1.56 (1.08, 2.23)

1.72 (1.40, 2.10)
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Table 5. IRRs and confidence intervals for the inclusive adjustment set and
truncated weight analysis.

Truncated Weight
Model Analysis IRR (95%
CI)

1.58 (1.02, 2.45)

Moderate-to-Severe Depression Risk — Leg
Pain
Moderate-to-Severe Depression Risk —
Overall Outcome
Mental Component Score Depression — Leg
pain
Mental Component Score Depression —
Overall Outcome
Mental Component Score Severe
Psychological Symptoms — Leg Pain
Mental Component Score Severe
Psychological Symptoms — Overall 1.95 (1.57,2.43)

Outcome

1.93 (1.48, 2.05)
1.98 (1.25,3.12)
2.18 (1.62, 2.93)

1.76 (1.20, 2.58)

3.4 Discussion

This study aimed to estimate the effects of preoperative psychological factors,
specifically depression, on postoperative pain and disability measures in patients
undergoing lumbar discectomy surgery as treatment for lumbar radiculopathy. We found
that depression did increase the risk of poor outcomes following discectomy surgery.
When adjusting for a more inclusive set of confounders, moderate-to-severe risk of
depression significantly increased the risk of poor leg pain and poor overall surgical
outcomes. In addition, both depression and severe psychological symptoms on the MCS
were associated with an increased risk of poor leg pain and poor overall surgical

outcomes.
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Sensitivity analyses allowed us to estimate the potential impact of unmeasured
confounding 2, and showed that substantial unmeasured confounding would be needed to
completely explain away our results. This helps to provide us with increased confidence
in our estimates of the effects of depression on postoperative pain and disability.

Previous studies have reported similar results regarding mental health status and
postoperative pain and disability in lumbar spine surgery. To our knowledge, this is the
first study that looked specifically at how depression impacts both pain and depression
following lumbar discectomy surgery. While the relationship between depression, pain
and disability is complex with no clear causal path, our findings are consistent with the
results of previous studies. Previous research has indicated that depression is associated
with increased postoperative pain following lumbar surgeries 11134552 |n addition,
lumbar surgery and depression has been correlated with poorer surgical outcomes,
including disability outcomes 13144684 These previous findings are consistent with our
results, and indicates that individuals with a risk of depression and lower mental well-
being had less improvement in disability and pain scales following surgery. A plausible
explanation of these results could be that the catastrophizing thoughts associated with
depression may put these individuals at risk for lower improvements. In addition, patients
who have lower mental health also tend to have lower quality of life and more pain-
related disability scores .

The study’s results are relevant and applicable to both clinical and research

settings. Clinically, the findings could help surgeons to provide better care for surgical
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patients with depression. Understanding the relationship between depression and
postoperative outcomes allows for better risk assessment in surgical patients.
Recognizing the impact of depression on the postoperative outcomes can allow surgeons
and health care professional to enhance patient outcomes. Furthermore, We found the
prevalence of depression in our surgical population to be 57% and 64% on the PHQ-8
and the MCS respectively. However, in the general population the prevalence of
depression on these screening measures in 6% and 5% 8287, A nearly a ten-fold difference
between surgical and non-surgical patients underscores the necessity for preoperative
psychological screening and interventions. Addressing depression in lumbar discectomy
patients could potentially improve overall surgical outcomes, enhance recovery and
overall patient well-being. For example, managing depression alongside regular
postoperative care could lead to improved patient outcomes, including faster recovery,
reduced disability and pain, and better quality of life postoperatively. Research in this
area could be done to create targeted interventions. Future intervention research could
focus on specific interventions targeted to mitigate the impact of depression on
postoperative pain and disability for surgical patients. Moreover, conducting research on
the effects of preoperative antidepressant usage on postoperative outcomes could offer
substantial contributions to this field.
Strength and Limitations

Strengths of this study primarily lie in its sample size. The ability to access the

CSORN database allowed us to have a large sample size for statistical analysis. The large
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sample size ensured that our analysis had increased precision and statistical power so that
we could detect true associations in our results.

In terms of limitations, we were unable to use a clinical diagnosis of depression or
psychological health. The psychological health measures used do not provide a clinical
diagnosis of the mental condition and only provide an estimate of the risk or presence of
the symptoms. However, the psychological surveys used are highly valid when compared
to the diagnostic interviews associated with the DSM-IV. Since clinical diagnosis is a
lengthy and time consuming process, the psychological measures provide a more time
effective and valid measure of mental health.

In addition, the ideal study design for our study would have been a randomized
control trial. However, our patient population is real-world patients and surgeons and we
are unable to manipulate any care decisions for the sake of randomization. Using
propensity weighting in our analysis did provide the most accurate representation of a

trial and allowed for causal analysis between depression and postoperative outcomes.

3.5 Conclusion

The results in the current study indicate that poor mental status, including
depressive risk and severe psychological symptoms, are predictive of poor pain and
disability outcomes. After all confounding adjustments, psychological factors had
significant effects on both pain and disability outcomes postoperatively. These finding

may be applicable in clinical settings by indicating the importance of considering
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depression pre-operatively and potentially screening for depressive risk and evaluating
the need for psychological treatment prior to surgery in order to maximize the likelihood
improvement.

Future research should focus on treatments and interventions to mitigate the
effects of depression prior to surgery and its subsequent effects on surgical outcomes.
Investigation on the use of anti-depressant medicate may also be of interest. Finally, it
may be beneficial to conduct research that uses randomization tools to modify depression

levels to determine potential causal links.
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Appendix | — Diagnostic Results

Simple Adjustment Set:

Table 6: Standard Difference Diagnostic Results for the PHQ-8 and Leg Outcomes

Simple Model
Raw Matched (ATE)

Means Treated Untreated StdDif Treated Untreated StdDif

Sex 04659271 0.6088795 -0.2894331 0.5251318 0.5251561 -0.0000493

Age 43.17433  44.87949 -0.1298619 43.97587  43.97617  -0.0000227
Ed“(cl‘;“o“ 0.2012678 0.1585624 0.1112489  0.1823014 0.1822939  0.0000195
Ed“g;“on 03835182 0.3805497 0.0061039  0.3830549 0.3830546  6.51e-07
Ed“(csa)“on 0.0744849 0.167019  -0.286616 0.1118861 0.1119017 -0.0000483
Sg’t‘;zzg 02123613 0.1775899  0.0877706 0.1986733 0.1986676  0.0000144

Table 7: Variance Ratio Diagnostic Results for the PHQ-8 and Leg Outcomes

Simple Model
Raw Matched (ATE)

Variances Treated Untreated Ratio Treated Untreated Ratio

Sex 0.249234 02386498  1.04435 0.2497642 0.2498955  0.0994747

Age 167.8299  176.996 0.9482126 176.1283 174.6812  1.008284
Ed“(cla)“o” 01610143 0.133703  1.204268 0.1493042 0.1493786  0.9995017
Ed”(cze;“o” 0.2368073 0.2362311 1.002439  0.236699 0.2368245  0.9994701
Ed“g’;“o” 0.0690464 0.1394184 0.4952456 0.0995253 0.0995903  0.999348
Sg‘tg't‘dgg 01675295 0.1463611 1.144631 0.1594549 0.1595361 0.9994913
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Figure 4: Overlap Plot Diagnostic Graphs for the PHQ-8 and Leg Outcomes

Simple Model.

Table 8: Standard Difference Diagnostic Results for the PHQ-8 and Overall

Outcomes Simple Model.

Raw Matched (ATE)
Means Treated Untreated StdDif Treated Untreated StdDif
Sex 0.4591837 0.6062176 -0.297633 0.5172378 0.5172595 -0.0000438
Age 4320748 4529275 -0.160805 44.1653  44.16563  -0.000025
Education (1) 0.2006803 0.1735751 0.0694661 0.1891333 0.1891293 0.0000104
Education (2) 0.372449 0.3756477 -0.006604 0.3745357 0.3745362 -1.11E-06
Education (3) 0.0731293 0.1554404 -0.260606 0.1042116 0.1042235 -0.0000377
Sg‘t‘;‘&:gg 0.2210884 0.1917098 0.0725606 0.2123344 0.2123305 9.66E-06
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Table 9: Variance Ratio Diagnostic Results for the PHQ-8 and Overall Outcomes
Simple Model.

Raw Matched (ATE)
Variances Treated Untreated Ratio Treated Untreated Ratio
Sex 0.249234 0.2386498 1.04435 0.2497642 0.2498955 0.9994747
Age 167.8299  176.996 0.9482126 176.1283 174.6812 1.008284

Education (1) 0.1610143 0.133703  1.204268 0.1493042 0.1493786 0.9995017
Education (2) 0.2368073 0.2362311 1.002439 0.236699 0.2368245 0.9994701
Education (3) 0.0690464 0.1394184 0.4952456 0.0995253 0.0995903 0.999348

Sg}giﬂzg 0.1675295 0.1463611 1.144631 0.1594549 0.1595361 0.9994913

Raw Matched (ATE)

—— Untreated
— Treated

Density
N

Propensity score

Figure 5: Overlap Plot Diagnostic Graphs for the PHQ-8 and Overall Outcomes

Model.
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Table 10: Standard Difference Diagnostic Results for the MCS Depression and Leg Outcomes
Simple Model.

Raw Matched (ATE)
Means Treated Untreated StdDif Treated Untreated StdDif
Sex 0.4622093 0.6445013 -0.37263 0.5284398 0.5284653 -0.0000521
Age 43.86483 43.78261 0.0062933 43.86602 43.86601 3.00E-07

Education (1) 0.181686 0.1918159 -0.025969 0.1840534 0.1840545 -2.88E-06
Education (2) 0.3851744 0.3810742 0.0084258 0.3883786 0.3883787  -3.19E-07
Education (3) 0.0944767 0.1457801 -0.158129 0.1112195 0.1112264 -0.0000214

Sg‘t‘;'t‘lfs‘g 0.2005814 0.1841432 0.0416723 0.1914675 0.1914647  7.16E-06

Table 11: Variance Ratio Diagnostic Results for the MCS Depression and Leg
Outcomes Simple Model.

Raw Matched (ATE)
Variances Treated Untreated Ratio Treated Untreated Ratio
Sex 0.2487571 0.2393379 1.039355 0.2501282 0.2503507 0.9991115
Age 167.1323  169.1894 0.9878417 177.2067 163.4305 1.084294

Education (1)  0.160681 0.1438194 1.117241 0.1536232 0.1537577 0.9991249
Education (2)  0.2341289 0.2351457 0.995676 0.2346578 0.2348673 0.9991079
Education (3) 0.0678968 0.1316197 0.5158563 0.0935106 0.0936035 0.9990076
Smoking Status  0.1725017 0.1553597 1.110338 0.1675334 0.1676807 0.9991219
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Figure 6: Overlap Plot Diagnostic Graphs for the MCS Depression and Leg

Outcomes Simple Model.

Table 12: Standard Difference Diagnostic Results for the MCS Depression and
Overall Outcomes Simple Model.

Raw Matched (ATE)
Means Treated Untreated StdDif Treated Untreated StdDif
Sex 0.4532488 0.6479751 -0.3987213 0.519559 0.5196104 -0.0001053
Age 43.96197 43.90654 0.0043131 43.97004 43.97003  3.32E-07
Ed“(cla)“on 0.1838352 0.2087227 -0.0626162 0.1912257 0.1912319 -0.0000155
Ed“(cza)“on 0.3740095 0.3738318 0.0003669 0.3787146 0.3787164 -3.67E-06
Ed“éa)“o” 0.0935024 0.1308411 -0.1183803 0.1043357 0.1043448 -0.0000289
Smoking
Status

0.2123613 0.1931464 0.0477503 0.2036188 0.2036129 0.0000147
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Table 13: Variance Ratio Diagnostic Results for the MCS Depression and Overall
Outcomes Simple Model.

Raw Matched (ATE)

Variances Treated Untreated Ratio Treated Untreated Ratio
Sex 0.2482077 02288162  1.084747  0.2500137 0.2503955  0.9984751
Age 171.4144  158.835 1.079198  173.1821  162.2879  1.067129

Ed“(clf;“o” 0150278  0.1656737  0.9070721  0.154904  0.1551456  0.9984425

Ed“(‘;‘i)t'on 0234498 02348131  0.9986583  0.2356633 0.2360256  0.9984653

Ed“(‘:;;“o” 00848942 0.1140771  0.7441828  0.0935981  0.093749  0.99839

Sg‘t‘;'t‘dgg 01675295 0.1563279  1.071655  0.1624156 0.1626614  0.9984886
Raw Matched (ATE)

P

'E ——— Untreated
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Figure 7: Overlap Plot Diagnostic Graphs for the MCS Depression and Overall

Outcomes Simple Model.
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Table 14: Standard Difference Diagnostic Results for the MCS Severe
Psychological Symptoms and Leg Outcomes Simple Model.

Raw Matched (ATE)
Means Treated Untreated StdDif Treated Untreated StdDif
Sex 0.4162011 0.5839112 -0.339883 0.528346 0.5283602 -0.0000288
Age 43.32682 44.08738 -0.058402  43.81276 43.81283 -5.61E-06

Education (1) 0.1899441 0.1830791 0.0176067  0.186223 0.1862221 2.38E-06
Education (2) 0.3631285 0.3938974 -0.063405 0.3836006 0.3836034  -5.69E-06
Education (3) 0.0977654 0.1206657 -0.073395  0.1101076 0.11011 -7.71E-06

Sg“t‘;ﬁ'jgg 0.2374302 0.1733703 0.1588943  0.192627  0.1926216  0.0000134

Table 15: Variance Ratio Diagnostic Results for the MCS Severe Psychological
Symptoms and Leg Outcomes Simple Model.

Raw Matched(ATE)
Variances Treated Untreated Ratio Treated Untreated Ratio
Sex 0.2436584 0.2432963  1.001488  0.2498945  0.2495418  1.001414
Age 165.1842 174.0021  0.9493232  171.0901 172.7008  0.9906735

Education (1) 0.1542964 0.1497688 1.03023  0.1519685  0.1517539  1.001414
Education (2) 0.231914  0.2390738 0.9700518 0.2371135 0.2367802  1.001408
Education (3) 0.0884544 0.1062529 0.8324891 0.0982583  0.0981218  1.001391

Sg}‘;ﬁ;’s‘g 0.1815642 0.1435121 1.265149  0.1559575  0.1557345  1.001432
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Figure 8: Overlap Plot Diagnostic Graphs for the MCS Severe Psychological

Symptoms and Leg Outcomes Simple Model.

Table 16: Standard Difference Diagnostic Results for the MCS Severe
Psychological Symptoms and Overall Outcomes Simple Model

Raw Matched(ATE)
Means Treated Untreated StdDif Treated Untreated StdDif
Sex 0.4066265 0.5790323 -0.3496858 0.5191504 0.5191428  0.0000155
Age 4356627 44.14516 -0.0448459  43.9608 43.96078 1.53E-06

Education (1)  0.189759 0.1935484 -0.0096164 0.1933195 0.1933193 4.45E-07
Education (2) 0.3493976 0.3870968 -0.0781306 0.3735224 0.3735207 3.62E-06
Education (3) 0.0993976 0.1096774 -0.0335654 0.1032786 0.1032781 1.79E-06

Srgtgﬁgg 0.246988  0.183871 0.1537949  0.204584  0.2045866  -6.43E-06
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Table 17: Variance Ratio Diagnostic Results for the MCS Severe Psychological

Symptoms and Overall Outcomes Simple Model.

Raw Matched(ATE)

Variances Treated Untreated Ratio Treated Untreated Ratio
Sex 0.2420103  0.2441477  0.9912457 0.2503874  0.2500368  1.001402
Age 1650802  168.1824  0.9815542 171.0036  166.4587  1.027303

Ed“a%“o” 0.154215  0.1563396  0.9864108 0.1564182  0.1561989  1.001404

Ed”(cza)“on 02280057  0.2376361  0.9594739 0.2347104  0.234381  1.001405

Ed”éa)t'on 0.0897882  0.097806  0.9180227 0.092892  0.0927613  1.001408

S'gtz't‘l:’;g 01865468  0.1503049  1.241123  0.163221  0.1629938  1.001394

Density

Raw

Matched (ATE)

— Untreated
— Treated

6 2
Propensity score

Figure 9: Overlap Plot Diagnostic Graphs for the MCS Severe Psychological

Symptoms and Overall Outcomes Simple Model.
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Inclusive Adjustment Set:

Table 18: Standard Difference Diagnostic Results for the PHQ-8 and Leg

Outcomes Inclusive Model.

Raw Matched(ATE)
Means Treated Untreated StdDif Treated Untreated StdDif
Sex 0.4707965 0.6109785 -0.2838364 0.5298425 0.529892 -0.0001004
Age 4315221  44.62291 -0.1117497 43.97458 43.97515 -0.0000428
Education (1) ~ 0.2088496 0.1551313 0.1394214 0.1866395 0.1866206 0.0000491
Education (2)  0.3769912 0.3818616 -0.0100267 0.3798036 0.3798055 -3.87E-06
Education (3)  0.079646  0.1670644 -0.2679233 0.1158419 0.1158727 -0.0000943
Srsntg't‘['jrs‘g 02070796 0.1813842 0.0649188 0.1962137 0.1962046  0.000023
Pre-Op PCS  28.80345  30.80574 -0.2605289 29.57736 29.57805  -0.0000902
S”rgﬁ‘;"r'“;’va't 105492  111.2554 -0.0390233 108.397  108.3991  -0.0000145

Table 19: Variance Ratio Diagnostic Results for the PHQ-8 and Leg outcomes

Inclusive Model.

Raw Matched(ATE)

Variances Treated Untreated Ratio Treated Untreated Ratio
Sex 0.2495889 0.2382524 1.047582 0.2495511 0.2497024  0.9993941
Age 168.491  177.9149 0.9470314 1765061 1754755  1.005873
Education (1)  0.1655244 0.1313791 1.259899 0.1520743 0.1521565 0.9994602
Education (2)  0.2352853 0.236608 0.9944095 0.2359705 0.2361168 0.9993803
Education (3)  0.0734325 0.1394868 0.5264476 0.1026041 0.1026913 0.9991515
Smoking Status  0.1644888 0.1488392 1.105144 0.1579935 0.1580856 0.9994172
Pre-Op PCS  50.59492 67.53913 0.7491201 53.18622 64.92346  0.8192141
S“rg}ciﬂg’va“ 18915.65 24708.83 0.7655422 19830.31 21224.01  0.9343337
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Figure 10: Overlap Plot Diagnostic Results for the PHQ-8 and Leg Outcomes

Inclusive Model.

Table 20: Standard Difference Diagnostic Results for the PHQ-8nand Overall
Outcomes Inclusive Model.

Raw Matched(ATE)
Means Treated Untreated StdDif Treated Untreated StdDif
Sex 0.4628571 0.6129032 -0.3040569 0.5228083 0.5228911  -0.0001678
Age 431981 447478  -0.1191266 43.98181 43.98275  -0.0000719
Education (1)  0.207619 0.1671554 0.1037101 0.1916388 0.1916166  0.000057
Education (2) 0.3657143 0.3782991 -0.0260079 0.3725047 0.3725125  -0.0000161
Education (3) 008  0.1524927 -0.2273407 0.1074003 0.1074395  -0.000123
Sg“tg't‘l:’s‘g 0.2152381 0.1935484 0.0537411 .2071208 0.2071091  0.000029
Pre-Op PCS  28.61666 29.68273 -0.1456866 29.03484 29.03542  -0.0000799
S“rgfif‘:e\’v""” 108.5105 107.9765 0.0038149 109.7683 109.7688  -3.03E-06
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Table 21: Variance Ratio Diagnostic Results for the PHQ-8 and Overall outcomes
Inclusive Model.

Raw Matched(ATE)
Variances Treated Untreated Ratio Treated Untreated Ratio
Sex 0.2490949 0.2379507 1.046834  0.2499559 0.2502098 0.9989854
Age 167.0027  171.4597 0.9740052 175.5355  167.8135 1.046015

Education (1) 0.1648273 0.1396239  1.180509  0.155209  0.1553553  0.9990587
Education (2) 0.23241  0.2358806 0.9852866 0.234191  0.2344344  0.9989618
Education (3)  0.0737405 0.1296188 0.5689026 0.0960484 0.0961783  0.9986494

Sg‘t(;‘t‘l;;‘g 0169233 0.1565465 1.08104  0.1645352 0.1646979  0.9990119
Pre-Op PCS  49.9345  57.15788 0.8736242 51.04215 5559027  0.9181851

S“rgﬁﬁig’va” 19932.69 19246 1.03568  20267.49  18764.68  1.080087

Raw Matched (ATE)

—— Untreated
Treated

Density
iy

Propensity score

Figure 11: Overlap Plot Diagnostic Results for the PHQ-8 and Overall Outcomes

Inclusive Model.
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Table 22: Standard Difference Diagnostic Results for the MCS Depression and Leg
Outcomes Inclusive Model.

Raw Matched(ATE)
Means Treated Untreated StdDif Treated Untreated StdDif
Sex 0.468254 0.6412429 -0.3530791 0.5284184 0.5280609 0.0007296
Age 43.67143  43.96893  -0.0226436  43.72271  43.72223  0.0000368

Education (1) 0.1873016 0.1836158 0.0094727  0.183257 0.1832716 -0.0000377
Education (2)  0.3793651 0.3785311 0.0017173 0.3837804 0.38377  0.0000213
Education (3) 0.1 0.1468927 -0.1427515 0.1158362 0.1157406 0.0002912

Sg"tz't‘l:rs‘g 0.2015873 0.1864407  0.0382683  0.192784 0.1928242 -0.0001016

Pre-Op PCS 30.73954  27.7278 0.3929443  29.92541  29.93104 -0.0007343

S“rgfifr']ewa't 1007841 120.6921  -0.131832  108.9212  108.877  0.000293

Table 23: Variance Ratio Diagnostic Results for the MCS Depression and Leg
Outcomes Inclusive Model.

Raw Matched(ATE)
Variances Treated Untreated Ratio Treated Untreated Ratio
Sex 0.249388 0.2307021 1.080996  0.2495886 0.2499186 0.9986796
Age 174.0302  171.1973  1.016547  176.0767  176.4132  0.9980928

Education (1)  0.1524617 0.1503257 1.014209 0.1499118 0.1501072 0.9986985
Education (2)  0.2358215 0.2359117 0.9996177 0.236869 0.2371605 0.9987706
Education (3)  0.0901431 0.1256702 0.7172988  0.102581  0.1026346 0.9994777

Srsntg't‘l;:g 0.1612057 0.1521102 1.059795 0.1558657 0.1560839 0.9986019
Pre-Op PCS  51.45475  66.03567 0.7791964 50.22478  73.06219  0.6874251
S“rgﬁﬁi QN""” 1744651 2816156  0.619515 20915.87  18351.05  1.139764
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Figure 12: Overlap Plot Diagnostic Graphs for the MCS Depression and Leg

Outcomes Inclusive Model

Table 24: Standard Difference Diagnostic Results for the MCS Depression and
Overall Outcomes Inclusive Model

Raw Matched(ATE)
Means Treated Untreated StdDif Treated Untreated StdDif
Sex 0.4618056 0.6413793 -0.366637 0.5206738 0.5200342 0.0013059
Age 43.72222  43.97931 -0.0198707 43.72102  43.72056  0.0000355

Education (1) 0.1892361 0.1965517 -0.0185173 0.1883006 0.1882923 0.0000209
Education (2)  0.3680556 0.3758621 -0.0161311 0.3746888 0.3746393 0.0001024
Education (3)  0.0989583 0.1275862 -0.0903007 0.1081106 0.1080098 0.0003177

Sg‘gmgg 0.2135417 0.1931034 0.0507332 0.2056592 0.2057383 -0.0001964

Pre-Op PCS 30.24561  26.63478 0.501728 29.31479  29.3263  -0.0015995

Surgﬁﬂe\’va” 103.2865 118.2586 -0.1050265 109.8554  109.7932  0.0004363
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Table 25: Variance Ratio Diagnostic Results for the MCS Depression and Overall
Outcomes Inclusive Model

Raw Matched(ATE)
Variances Treated Untreated Ratio Treated Untreated Ratio
Sex 0.2489734 0.2308078 1.078705 0.2500066 0.2504623 0.9981807
Age 173.2027  161.5843  1.071903  175.3513  165.5975 1.0589

Education (1)  0.1536926 0.1584656 0.9698802 0.1531093 0.1533672 0.9983185
Education (2)  0.2329952 0.2354015 0.9897777 0.2347046 0.2350954 0.9983378
Education (3)  0.0893207 0.1116931 0.799697 0.0965904 0.0966771  0.999103

Sg"tg't‘l:rs‘g 0.1682337 0.1563537 1.075982 0.1636476 0.1639755 0.9980004
Pre-Op PCS  46.79211  56.79569 0.8238674 46.53472 6550281  0.7104232

S“rgﬁfr']e\’va't 18178.1  22466.38 0.8091245 20964.75  15905.99  1.318041

Raw Matched (ATE)

—— Untreated
—— Treated

Density

.2 4 ] 8 1 .2 4 6 8 1
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Figure 13: Overlap Plot Diagnostic Graphs for the MCS Depression and Overall

Outcomes Inclusive Model
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Table 26: Standard Difference Diagnostic Results for the MCS Severe

Psychological Symptoms and Leg Outcomes Inclusive Model.

Raw Matched(ATE)
Means Treated Untreated StdDif Treated Untreated StdDif
Sex 04215385 0.5842185 -0.3293791 0.5285145 0.5290408 -0.0010656
Age 43.01538  44.15478 -0.0871017 43.73942  43.74323  -0.0002913
Education (1) 0.1907692 0.1836115 0.0183296 0.1856239 0.185603  0.0000535
Education (2) 0.36 0.3884674 -0.0587842 0.3757146 0.3758215 -0.0002207
Education (3) 0.1046154 0.1229135 -0.0575866 0.1149058 0.1149735 -0.0002131
Sgg't‘dgg 0.2430769 0.1729894 0.1731111  0.193985 0.1937728  0.0005241
Pre-Op PCS  31.15808 28.91529  0.3052434  30.05037 30.04132  0.0012311
S“rgfifr']:va” 9508462  113.8452 -0.1253116 109.5902 109.6389  -0.0003418

Table 27: Variance Ratio Diagnostic Results for the MCS Severe Psychological
Symptoms and Leg Outcomes Inclusive Model.

Raw Matched(ATE)
Variances Treated Untreated Ratio Treated Untreated Ratio
Sex 0.2445064 0.2432764 1.005426  0.249956  0.2495353  1.001686
Age 166.3362 175.9  0.9456291 174.8166 174.6471  1.00097
Education (1)  0.1548528 0.1501261 1.031485 0.1516342 0.1513842  1.001651
Education (2)  0.2311111 0.2379215 0.9713754 0.2352771 0.2349362  1.001451
Education (3)  0.0939601 0.1079696 0.8702459 0.1020164 0.1019093  1.001051
Sg‘t‘;‘t‘l;rs‘g 01845584 0.1432815 1.288083 0.1568374 0.1564623  1.002397
Pre-Op PCS  43.14134  64.83102 0.6654429 30.63534  71.1572  0.5570109
S“rgﬁz']evva” 1736173 23267.6  0.7461764 21716.88  19979.36  1.086966
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Figure 14: Overlap Plot Diagnostic Graphs for the MCS Severe Psychological

Symptoms and Leg Outcomes Inclusive Model.

Table 28: Standard Difference Diagnostic Results for the MCS Severe

Psychological Symptoms and Overall Outcomes Model

Raw Matched (ATE)
Means Treated Untreated StdDif Treated Untreated StdDif
Sex 04152824 0.5787611 -0.3309999 0.522562 0.5231185 -0.0011269
Age 432093  44.12743 -0.0706769 43.80751 43.81066  -0.0002421
Education (1) 0.1893688 0.1929204 -0.0090211 0.1920048 0.1920155 -0.0000271
Education (2)  0.345515 0.3840708 -0.0800586 0.3662339 0.3663862 -0.0003163
Education (3) 0.1063123 0.1097345 -0.011011 0.1065041 0.1065252 -0.0000679
Srsr‘t‘;'t‘l:’;g 0.2524917 0.1823009 0.170564  0.2059198 0.2056832  0.000575
Pre-Op PCS  30.83818 28.07658 0.3946465  29.4521  29.44073  0.0016238
S“r9+‘;friev"a't 99.13289  113.1841 -0.1011141 109.1383 109.1826  -0.0003183
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Table 29: Variance Ratio Diagnostic Results for the MCS Severe Psychological
Symptoms and Overall Outcomes Inclusive Model.

Raw Matched(ATE)
Variances Treated Untreated Ratio Treated Untreated Ratio
Sex 0.2436323  0.244229 0.9975571 0.2503226 0.2499078  1.00166
Age 167.4927  170.0156 0.9851606 1751414  166.26  1.053419
Education (1)  0.1540199 0.1559782 0.9874455 0.1556561 0.1554206  1.001515
Education (2)  0.2268882 0.2369799 0.9574154 0.2328803 0.232559  1.001382
Education (3)  0.0953267 0.0978661 0.9740525 0.0954782 0.0953463  1.001383
Sg"tz't‘l:rs‘g 0.1893688 0.1493316 1.268109 0.1640619 0.1636673  1.002411
Pre-Op PCS  41.28158  56.65275 0.7286775 37.14367  64.02484  0.5801446
S“rgﬁ‘;'] ewa” 18306.95 20314.84 0.9011613 21037.6  17565.98  1.197633
Raw Matched (ATE)

Density

Propensity score

—— Untreated
—— Treated

Figure 15: Overlap Plot Diagnostic Graphs for the MCS Severe Psychological

Symptoms and Overall Outcomes Inclusive Model.
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