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Failure to Mitigate

S k - e Biochemical pain pathway
I I l O I n g e Biologic (failure to heal — non-surgical and surgical)

e Neuropathic pain

D I a b ete S * Prolonged healing or failure to heal including surgical

complications

e Mechinical overload

O b e S I ty e Pre-injury deconditioning — propensity to injury

e Failure to heal or prolonged healing




Failure to Mitigate (continued)

Chronic high dose opioids (MED over 50)

e Psychological perceptions and reinforcement

Depression

Anxiety




Smoking

e Wound Healing

Biochemical Pain Pathway

e Central Sensitzation
e Anxiety/Depression/Anger




Smoking — Biologic Basis

* Microvascular compromise
* Vasoconstriction
e COdisplaces O,
* Endothelial dysfunction from NO inhibition

* Poor wound healing
* Twice the risk of non-union of a spine fusion
* Khurana VG. Adverse impact of smoking on the spine and spinal surgery. Surg Neurol Int. 2021 Mar 24;12:118.
* 2-3 times the risk of wound complication including infection across all surgeries

controlled trial. Ann Surg. 2003 Jul;238(1):1-5.

‘ * Sorensen LT, Karlsmark T, Gottrup F. Abstinence from smoking reduces incisional wound infection: a randomized
* 2.4 times higher deep infection risk in TKA

* Singh, J. A, et al. (2015). Smoking as a Risk Factor for Short-term and Long-term Adverse Outcomes After Total
\ Knee Arthroplasty. The Journal of Rheumatology, 42(6), 990-996.
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Smoking — Central Sensitization

Release of Dopamine and

endogenous opioids

Nicotine activates nicotinic
acetylcholine receptors
(nAChRs)

a8

Increased desire for nicotine

Increased perception of pain
from decreasingly painful
stimuli

Pain relief (brief)

Chronic nicotine exposure
increases the density of the
NAChRs in the central nervous
system

Fewer receptors occupied by
nicotine



Smoking

* Central Sensitization
* Feedback loop — Lowers pain threshold often to level not capable of producing pain
(hyperalgesia)
* Smokers show significantly higher scores for anger, anxiety, and depression on PROMIS
scales.
* Higher scores on pain interference subset as well indication more perception of disability

* Smokers report baseline pain scores (VAS) roughly 1.2 points higher than non-smokers across all
body regions, regardless of the actual physical pathology
* Smuck, M., Schneider, B. J., Ehsanian, R., Martin, B. J., & Zheng, P. (2020). Effects of

smoking on patients with chronic pain: A propensity-weighted analysis on the
Collaborative Health Outcomes Information Registry. Pain Medicine, 21(2), 252—-259.



Smoking — Tobacco versus Vape

Slightly lower wound complication with non-tobacco when controlled for nicotine levels

Most vape users will ingest more nicotine in a day than smokers

Pseudoarthrosis risk in spine fusion 1.5x high with vaping rather than smoking

* Non-tobacco nicotine dependence and incidence of pseudarthrosis and other
postoperative complications in lumbar fusion surgery: a retrospective analysis.
European Journal of Orthopaedic Surgery & Traumatology. March 2026; 36(1).

Central sensitization remains

Steady dosing (ie transdermal) may lessen sensitization



Diabetes

 Wound infection
* 3.5x risk of infection diabetic versus non-diabetic
* Increases substantially at A1C>7

 ZhuangT, et al. Is Uncontrolled Diabetes Mellitus Associated with Incidence of Complications After
Posterior Instrumented Lumbar Fusion? A National Claims Database Analysis. Clinical Orthopaedics and
Related Research. 2022; 480(1): 120-130.

* Non-union (1.5-2x risk)
* |Increased risk for diabetics, even when controlled
* Increased risk for uncontrolled diabetics

* Moazzeni K, Abbasi-Fard S, et al. The impact of diabetes mellitus on complications and fusion rates after
lumbar spinal fusion. Journal of Clinical Neuroscience. 2018; 52: 67-71.



Diabetes

Microvascular Impairment and Hypoxia: Chronic hyperglycemia leads to basement membrane thickening and capillary dysfunction,
reducing local tissue perfusion and oxygen delivery.

Impaired Immune Response: Hyperglycemia inhibits leukocyte chemotaxis, phagocytosis, and the "respiratory burst" significantly delaying
the clearance of pathogens and prolonging the pro-inflammatory phase of healing.

Dysfunctional Bone Turnover: Diabetes triggers a phenotypic shift in mesenchymal stem cells toward adipogenesis rather than osteogenesis

Reduced Angiogenesis: Deficiency in Vascular Endothelial Growth Factor (VEGF) signaling prevents the "vessel-first" neo-angiogenesis
required hea; wounds and fuse bones

Muted Proliferative Phase: High glucose levels suppress the migration and proliferation of fibroblasts and keratinocytes, leading to delayed
wound closure



Obesity

 Mechanical predilection for injury
* Increased mass means increased force at time of injury
* F=ma (doubling the mass is the same as doubling the speed of impact)

* Worse outcomes with surgery
* Less predictable pain relief
e Less durability of outcomes

* Increased central sensitization due to adipose mediated inflammatory markers

* Galassi T, Pacheco-Barrios K, Gianloren¢o ACL, Fregni F. Obesity and Systemic
Inflammation Disrupt the Compensatory Role of Physical Activity in Chronic Pain
Conditions. Biomedicines. 2025; 13(5): 1111.



Obesity

* With spine fusion the non-union rate is 2 time higher and hardware failure 2.5x higher
with BMI over 35

* Jackson KL, et al. Obesity and the risk of revision surgery and hardware complications
following lumbar spine fusion. Spine. 2022; 47(8): 592-598.

 Bhashyam AR, et al. The Impact of Obesity on Spinal Fusion Rates and Clinical
Outcomes: A Systematic Review. Journal of Bone and Joint Surgery (JBJS). 2020;
102(12).

* In groups with successful fusion, Obese with VAS and ODI higher, patient satisfaction
lower and increased risk to not meet Minimal Clinically Important Difference (MCID)

 Ranson WA, et al. Does Obesity Impact Patient-Reported Outcomes Following
Lumbar Fusion? A 5-year Analysis. The Spine Journal. 2024; 24(3): 412-420.



Obesity

* Increased risk for post increased operative pain (Obesity is #1 risk)
* Eipe N, Budiansky AS. Risk factors for poorly controlled acute postoperative pain and
persistent postoperative pain. Journal of Anesthesia. 2022 (Evidence-based update
April 2026)

* Increased chronic pain from overload — linear relationship between BMI and pain
prevalence. BMI>40 reports 2.5x as much pain

* Narouze S, Souzdalnitski D. Obesity and Chronic Pain: Systematic Review of
Prevalence and Implications for Pain Practice. Regional Anesthesia & Pain Medicine.
2015; 40(3).

* Increase chronic opioid use for musculoskeletal pain (158%)

» Stokes A, Lundberg D, et al. Opioid Prescriptions Linked to Obesity. American Journal
of Preventive Medicine / JAMA Network Open. 2020



Chronic opioid use prior to injury (MED>50)

Primes the central pain pathways (similar to nicotine effects)

Decreased pain tolerance by Quantitative Sensory Testing

Work related disability duration 3-4x longer with chronic use

60% less likely to reach MCID by 6 months from injury

If surgery needed, increased non-union (2.8x) and wound complications (1.7x)

* Sing DC, et al. Preoperative Opioid Use is an Independent Risk Factor for
Complications after Revision Total Hip Arthroplasty. The Journal of Arthroplasty.
2016; 31(9): 180-185.

* Schoenfeld AJ, et al. The association between preoperative opioid use and outcomes
after spine surgery. JAMA Surgery. 2017; 152(12): 1104-1112.



Chronic opioid use prior to injury (MED>50)

* Initial reporting VAS 1.8-2.4 points higher for same injury

* Darnall BD, et al. The Relationship Between Pre-injury Opioid Use and Outcomes of
Non-Surgical Treatment for Work-Related Low Back Injury. Journal of Occupational
and Environmental Medicine. 2017; 59(4): 358-365.

e Sensory amplification — QST finds lower pain detection threshold and pain tolerance

* Arout CA, et al. Opioid-induced hyperalgesia in patients with chronic pain: a
systematic review of quantitative sensory testing studies. Pain Medicine. 2021;
22(10): 2200-2215.

* Duration of pain reporting significantly longer for chronic opioid users



Psychological Factors

* Anxiety/Depression
e Lower Satisfaction and function at 24 months
e 3x rate of failure to meet the MCID

* Deshpande, N., et al. (2024). The impact of anxiety and depression on lumbar
spine surgical outcomes: a Michigan Spine Surgery Improvement Collaborative
study. Journal of Neurosurgery: Spine.

* |njustice Experience Questionairre

* The IEQ Instrument: Developed and validated by Dr. Michael Sullivan, the IEQ is a 12-
item self-report measure (scored 0-48). It is now considered a foundational metric in
assessing the psychological impact of acute trauma and chronic pain.



Injustice Experience Questionnaire

e Two Core Dimensions:

» Unfairness/Blame: A focuses on the perception that the injury should not have

happened and that someone else is responsible (e.g., "l am suffering because of
someone else's mistake").

 Severity/Irreversibility: A focus on the devastating and permanent nature of the loss
(e.g., "Most of my life is ruined").



0 — never 1 —rarely 2 — sometimes 4 — all the time

Most people don’t understand how severe my condition is.

My life will never be the same.

[ am suffering because of someone else’s negligence.

No one should have to live this way.

I just want to have my life back.

[ feel that this has affected me in a permanent way.

It all seems so unfair.




I worry that my condition is not being taken seriously.

Nothing will ever make up for all that I have gone through.

[ feel as if [ have been robbed of something very precious.

[ am troubled by fears that [ may never achieve my dreams.

I can’t believe this has happened to me.




IEQ - Continued

* Correlated Outcomes: Patients with elevated Perceived Injustice(>28) consistently show:
 Significantly higher levels of functional disability and slower return-to-work rates.
* Higher pain intensity reporting (VAS) in both acute and chronic settings.
* Increased risk for the transition from acute injury to chronic, widespread pain.

* Higher rates of mental health comorbidities, including post-traumatic stress and
depressive symptoms.



Injustice Experience Questionnaire

* Perceived Injustice

* Plis a potent driver of catastrophic thinking. Plaintiffs with high IEQ scores view recovery not
as a goal but as "letting the defendant off the hook.”

* Litigants with high Pl may report "worse" pain and higher disability (high ODI) despite
technically successful surgical interventions, as their perceptual framework is one of enduring
persecution rather than rehabilitation.

* For a patient with high perceived injustice, standard cognitive-behavioral therapy (CBT) or
physical therapy is often viewed with suspicion. Acceptance is conflated with surrender,
leading to poor treatment adherence and functional stagnation.

* Scott W, et al. Psychological targets for the treatment of people with high levels of
perceived injustice. Journal of Applied Biobehavioral Research. 2017; 22(3): e12093.



Injustice Experience Questionairre

* High IEQ scorers often exhibit higher kinesiophobia. They perceive post-operative
soreness not as a sign of healing, but as further damage or proof of their permanent loss.
* Compassionate reframing:
* We want the plaintiff to suffer less
* Their metal health is contributing to a poor outcome
e Replace a 250,000 dollar fusion with CBT
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