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THE ROLE OF PSYCHOSOCIAL FACTORS ON PRE AND POSTOPERATIVE PAIN IN 
PATIENTS WITH FEMORAL ACETABULAR IMPINGEMENT 

 
  Femoral acetabular impingement (FAI) is a bony hip condition that often results 
in tears to the acetabular labrum. Patients with FAI experience pain, decreased function, 
and quality of life. FAI and its’ sequela are treated definitively with hip arthroscopy. Hip 
arthroscopy is being performed with increasing frequency, and while most patients 
respond favorably, a subset of 10-20% of patients have suboptimal outcomes.  
  

Previous research suggests that mental status may be a primary driver in the 
way patients with FAI respond to and feel pain. Measures of mental status include the 
presence of mood disorders and psychosocial patient reported outcomes (PROs). 
Psychosocial constructs that have yet to be examined in patients with FAI include self-
efficacy, kinesophobia, and pain catastrophizing. The Pain Self-Efficacy Questionnaire 
(PSEQ) gauges an individual’s confidence, or self-efficacy, in their ability to complete 
tasks despite their current pain. Previous research has established that a patient’s self-
efficacy is an important determinant of long-term success following orthopedic surgery. 
Kinesophobia, measured via the Tampa Scale for Kinesiophobia (TSK), is a measure of 
movement-related fear. In contrast to self-efficacy, fear of movement has been identified 
as a predictor of early success following orthopedic surgery. Lastly, pain catastrophizing 
is a set of maladaptive behaviors including ruminating on pain, feeling helpless to 
overcome painful situations, and magnifying the circumstances surrounding the painful 
experience. Catastrophizing behaviors, measured via the Pain Catastrophizing Scale 
(PCS), have been repeatedly linked to increased pain and decreased functionality in a 
variety of orthopedic populations. To date, the relationship between these psychosocial 
variables and pain has not been examined in patients with FAI. 
  

The primary aim of this dissertation was to evaluate the role of psychosocial 
factors on pre and postoperative pain in patients with FAI undergoing hip arthroscopy. 
To accomplish this aim we performed a series of three studies. The first study was a 
retrospective chart review to determine the prevalence of mental health disorders and 
compare preoperative clinical presentation between patients with and without mental 
health disorders. The second was a cross-sectional study designed to determine if any 
psychosocial variables could predict preoperative hip pain. The final study utilized a 
longitudinal, cohort design. Patients were tested preoperatively and at 12-weeks 
postoperative. The primary outcomes measured were self-efficacy, kinesiophobia, pain 



 

catastrophizing, and hip pain at rest and during activity measured via a visual analog 
scale (VAS). The purpose of this study was to determine the effect of preoperative 
psychosocial variables on postoperative pain, and to determine if these variables were 
predictive of persistent postoperative pain three months following hip arthroscopy.  
  

Based on the results from these studies we can conclude the following: 1) Mental 
health disorders are more common in patients with FAI than other orthopedic 
populations, and self-reported pain and function are worse in this subset of patients, but 
neither symptom chronicity nor the severity of joint deformity differs; 2) Low self-efficacy 
is predictive of worse preoperative pain in patients with FAI; and 3) Patients with high 
preoperative pain catastrophizing or low self-efficacy are more likely to have increased 
postoperative pain. Low preoperative self-efficacy is predictive of persistent hip pain 
during activity three months following hip arthroscopy, while low self-efficacy and mental 
health disorders are predictive of persistent hip pain at rest. Future studies are 
necessary to develop and implement interventions targeting low self-efficacy and 
elevated catastrophizing in patients undergoing hip arthroscopy to improve patient 
outcomes for this high-risk group. 
 
KEYWORDS: femoral acetabular impingement, hip arthroscopy, patient reported 
outcomes, pain catastrophizing, self-efficacy 
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CHAPTER 1: INTRODUCTION 
 
1.1 BACKGROUND 
 

Femoral acetabular impingement (FAI) is a hip condition in which there is 

incongruence between the femoral head and acetabulum. This incongruence can be 

resultant of extra bone growth on the femoral neck, known as a CAM lesion, extended 

bone off the acetabulum, known as a pincer lesion, or the combination of the two 

creating a “mixed” morphology. Regardless of the type, FAI can result in pain, functional 

limitations, and decreased quality of life.4 One common sequela of FAI is tears to the 

acetabular labrum, a wedge shaped fibro-cartilaginous structure that helps maintain joint 

lubrication and pressure homeostasis by creating a suction seal between the 

acetabulum and femoral head.  

Clinical and radiologic signs of FAI are common and are more prevalent in active 

populations5,6 setting patients up for higher functional expectations than other similar 

pathologies such as hip osteoarthritis. It is estimated that one in three healthy, 

asymptomatic people have radiographic evidence of FAI7,8, and two in three 

asymptomatic adults has a labral tear.9 Athletes are more likely to develop FAI than their 

peers.10 At the professional level greater than nine in ten male soccer players has 

radiographic evidence of FAI11, and nearly 95% of patients seeking treatment for hip 

pain have abnormal labral findings.12 This evidence along with a growing body of 

literature may suggest that FAI can be propagated by participation in athletic activity. 

Irrespective of the etiology, when conservative treatment fails, definitive treatment for 

symptomatic FAI is hip arthroscopy. Hip arthroscopies have increased dramatically over 

the past 20 years. From 1999 to 2009, the number of hip arthroscopies performed 

annually in the United States increased 18-fold.13 

Outcomes following hip arthroscopy are generally good with 86% of patients 

reporting satisfaction14 and a recent meta-analysis demonstrating all patient reported 
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outcomes (PROs) improving pre- to post-operation.4 However, there is a subset of 

patients with less than ideal outcomes. For example, 10.5% of patients undergoing hip 

arthroscopy have a poor outcome as defined as a Modified Harris Hip Score (mHHS) 

score of < 70 at a two year follow-up.4 Approximately 85% of athletes are able to return 

to the same level of play15, and only 80% of military members return to full duty.16 Most 

grimly, Levy at. al identified that only 25% of patients are meeting the patient acceptable 

symptomatic state (PASS) for the Hip Outcome Score (HOS)- activities of daily living 

(ADL) and 30% for the HOS-sport specific (SS).17  

Regardless of the measure it is clear that based on the available evidence there 

is a subset of patients with suboptimal outcomes following hip arthroscopy. As such, 

researchers have begun to examine factors influencing these outcomes. Both non-

modifiable and modifiable factors have been identified. The literature has identified the 

following non-modifiable factors leading to poorer outcomes: female sex18, decreased 

joint space19, and older age20. Though one could argue patient selection could mitigate 

the effects of decreased joint space and older age, these are not factors that treatment 

seeking patients can control. In contrast, potentially modifiable factors that have been 

identified include a longer duration of symptoms21, smoking20, and higher BMI20.  

Though the above factors have been identified, more recent evidence suggests 

that mental coping may be an important driving factor in hip arthroscopy outcomes. In 

fact, the Veteran’s Rand-12 (VR-12) mental component score (MCS) has demonstrated 

a stronger relationship with preoperative pain and function than other traditional 

orthopedic markers including joint status and self-reported function.22,23 Psychological 

distress24,25 and depressive symptoms26,27 have also been highlighted in patients with 

symptomatic FAI as they are related to worse postoperative self-reported pain and 

function. It is clear from this group of studies that mental status is driving pre- and 
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postoperative symptoms in patients with symptomatic FAI; however, these measures are 

fairly nonspecific making identifying appropriate treatment interventions challenging.   

Following the fear avoidance model (FAM) of chronic pain, more sensitive 

psychosocial measures such as pain catastrophizing, pain self-efficacy, and 

kinesiophobia warrant examination. The FAM appropriately portrays the outcome 

trajectories for patients with musculoskeletal pain, with or without these psychosocial 

constructs.28 Pain catastrophizing is a negative mental state and set of behaviors that 

are adopted in response to actual or anticipated pain.29 Pain catastrophizing is broken 

into three sub-categories: rumination “I think about my pain all the time”, magnification 

“my pain interferes with my daily activities”, and helplessness “there is nothing I can do 

to improve my pain”.29  

Pain catastrophizing is measured via the Pain Catastrophizing Scale (PCS). 

Scores range from 0-52 with 19 routinely used as a threshold to identify patients with 

catastrophizing behaviors as it is the 50th percentile in patients with chronic pain.29 In 

acute pain populations, catastrophizing behaviors fluctuate situationally with tissue 

insult.30 However, in chronic pain, patients’ catastrophizing behaviors can be either a 

state or trait.31 State catastrophizing involves a hyper-response to a situational pain 

stimulus. It involves the specific mindset of the patient in that moment or on that day. 

Conversely, trait catastrophizing is stable and more attune to a personality disposition. 

Trait catastrophizing can allow for more accurate predictions across time. Either way, 

catastrophic thinking is maladaptive to successful rehabilitation. Pain catastrophizing has 

repeatedly been shown to be predictive of poor outcomes such as increased pain 

intensity32-34, increased disability33,35, persistent pain36,37, increased opioid use38,39, and 

increased pain interference40. Currently there is only one published study that reported 

PCS scores in patients with FAI (mean 23.7 ± 11.8).41 Notably, this score is above the 

treatment threshold for high-risk catastrophizing behaviors.  
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Self-efficacy and kinesiophobia have never been reported in patients with 

symptomatic FAI. The Pain Self-Efficacy Questionnaire (PSEQ) gauges how confident a 

person is in completing tasks in spite of their current pain. Previous research has found 

self-efficacy to be an important moderator between pain and disability42 as well as long-

term success following orthopedic surgery.43 Kinesiophobia, an exaggerated, debilitating 

fear of movement44, is measured via the Tampa Scale of Kinesiophobia (TSK). The TSK, 

a 17-item survey that gauges patients fear during specific exercise and movement 

scenarios. Following with the FAM, when patients display high levels of kinesiophobia 

pain is viewed as a threat resulting in worse postoperative pain and function.45  

The examination of the psychosocial constructs of pain catastrophizing, self-

efficacy, and kinesiophobia is warranted in patients undergoing hip arthroscopy based 

on the evidence that all three are associated with a variety of poor postoperative 

outcomes in patient’s following orthopedic surgery, and previous literature demonstrates 

global measures of mental health are currently driving pre- and postoperative symptoms 

in patients with symptomatic FAI.  

 
1.2 PROBLEM STATEMENT 
 
As hip arthroscopy has increased dramatically over the past 20 years, focus on patient 

outcomes has as well. Currently the literature suggests there is a subset of 10-20% of 

patients having suboptimal postoperative outcomes, and there is evidence suggesting 

that mental coping strategies, or lack of, may be playing an important role. Though pain 

catastrophizing, low self-efficacy, and kinesiophobia have been linked to poor outcomes 

in other orthopedic populations, to date there is no evidence examining these variables 

as they relate to patients with symptomatic FAI or outcomes after hip arthroscopy.  

 
1.3 SIGNIFICANCE/PURPOSE 
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The primary purpose of this study is to determine the effect of preoperative pain 

catastrophizing on postoperative pain in patients with symptomatic FAI undergoing hip 

arthroscopy. Secondarily, the effect of preoperative self-efficacy and kinesiophobia on 

postoperative pain in patients with FAI undergoing hip arthroscopy was examined.  

 
1.4 SPECIFIC AIMS 
 
Specific Aim 1: Identify the preoperative prevalence of mental health disorders in 

patients undergoing hip arthroscopy and examine if the prevalence of mental health 

disorders differs between patients that have a short duration of symptoms (>6 months) 

and a long duration of symptoms (<6 months). 

Hypothesis 1: We hypothesized that consistent with previous osteoarthritis and 

total hip arthroplasty literature, mental health disorders would be present in 

approximately 20% of patients undergoing hip arthroscopy, and that those 

patients with mental health disorders would present with a longer duration of 

symptoms (DOS) and worse self-reported pain and function. 

Specific Aim 2: Compare pain catastrophizing, self-efficacy, and kinesiophobia between 

patients with and without mental health disorders and determine if these variables were 

predictive of preoperative pain in patients with FAI. 

Hypothesis 2: We hypothesized that preoperative pain would be predicted by low 

pain self-efficacy and high kinesiophobia and pain catastrophizing. More 

specifically, we expected pain catastrophizing to be the primary predictor of 

preoperative pain. Further we hypothesized that these behaviors would be more 

severe in patients with mental health disorders. 

Specific Aim 3: Determine the effect of preoperative pain catastrophizing on 

postoperative pain in patients with FAI undergoing hip arthroscopy.  



 
6 

Hypothesis 3: We hypothesize that patients with high preoperative pain 

catastrophizing will have worse postoperative pain. 

Overview: This dissertation is organized in the following order: Chapter 2 is a literature 

review on FAI, hip arthroscopy outcomes, pain perception and processing specifically as 

they relate to postoperative outcomes. Chapter 3 is a retrospective chart review 

identifying the preoperative prevalence of mental health disorders in patients with 

symptomatic FAI. Chapter 4 is a cross-sectional study determining if preoperative pain 

catastrophizing, self-efficacy, and kinesiophobia are predictive of preoperative hip pain in 

patients with FAI undergoing hip arthroscopy. Chapter 5 is prospective, longitudinal 

study determining the effect of preoperative pain catastrophizing on postoperative pain 

in patients with symptomatic FAI undergoing hip arthroscopy. Finally, Chapter 6 is a 

review of findings, discussion, and future research directions.  

 
1.5 OPERATIONAL DEFINITIONS 
 

• Patient reported outcome (PRO): Self-reported outcome measure completed 

directly by the patient.  

• Postoperative pain: Defined as equal to or greater than 3 on a visual analog 

scale (VAS) where 0 equates to no pain at all and 10 represents the worse pain 

imaginable. A VAS score of 3 was selected because is consistently used as the 

threshold score for unacceptable or persistent, unresolved pain.46,47  

• Pain catastrophizer: A pain catastrophizer will be defined as any patient with a 

score of 19 or greater on the Pain Catastrophizing Scale (PCS). A score of 19 is 

the 50th percentile in patients with chronic pain.29 

• Low self-efficacy: A threshold on the Pain Self Efficacy Questionnaire of 40 can 

be used to decipher between patients with healthy levels of self-efficacy, and 
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those with low self-efficacy. A score of below 40 will be used to categorize 

patients as having low self-efficacy in this series of studies.48  

• High kinesiophobia: High and low levels of fear will be dichotomized using the 

cut-off score of 37. This cut-off score was identified in patients with chronic low 

back pain. A score of above 37 will be used to categorize patients as having high 

levels of movement related fear.49  

 
1.6 ASSUMPTIONS, LIMITATIONS, DELIMITATIONS 
 
Assumptions: 

1. Patients completed all patient reported outcomes honestly. 

Limitations:  

1. The order of patient reported outcomes was not randomized. 

2. Blinding was not possible due to one researcher collecting all data.  

Delimitations:  

1. All participants in this study were treatment-seeking patients with symptomatic 

FAI, and were all treated by a single, fellowship-trained surgeon.   
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CHAPTER 2: LITERATURE REVIEW  

The following review will be separated into eleven distinct sections to address all 

facets of the dissertation research projects. The hip joint, hip pathology and femoral 

acetabular impingement, treatment options and outcomes, and postoperative pain in the 

context of both normal and abnormal recovery will be discussed. The literature review 

will conclude with a short summary and overall purpose of the dissertation research 

projects.  

2.1 CLINICAL EXAMINATION OF THE HIP JOINT 

The hip, or coxofemoral, joint is a multi-axial ball-and-socket joint comprised of 

two segments. The proximal end of the femur forms the first, and the socket, or 

acetabulum, created by the ilium, ischium, and pubis, forms the second. The anterior rim 

of the acetabulum is a continuation of the superior pubic ramus, and the posterior rim is 

a continuation of the inferior pubic ramus. The ilium, ischium, and pubis fuse during 

adolescence to form the pelvis. The proximal head of the femur creates a convex 

surface articulating with the concave articulation of the acetabulum. The articulating 

surface of the femoral head is 180 degrees in diameter providing motion in all three 

planes.   

Range of motion 

The bony anatomy of the hip provides limited range of motion, but increased 

stability compared to other ball-and-socket joints such as the glenohumeral joint. The 

shallow acetabulum in the glenohumeral joint, or shoulder, provides increased ranges of 

motion, but decidedly less stability. Normal bony hip anatomy provides motion in six 

directions, two directions in each of the three planes. Hip motion is almost entirely 

caused by rotation between the head of the femur and acetabulum. Very little translation 

between the two segments occurs.  
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 To accomplish normal movement patterns for activities of daily living 

approximately 120º of hip flexion, 20º of hip abduction, and 20º of hip external rotation 

are required.50 Normally reported range of motion values for the hip can be found in 

Table 2.1 along with end feels, minimal clinically important difference (MCID), and 

standard error of measurement (SEM).51 A MCID is the smallest change that is viewed 

as beneficial by the patients.52,53 For example, a patient comes in for therapy visit one 

and has 100° of passive hip flexion measured via standard goniometry. One week later 

the patient comes back for visit two and via standard goniometry you measure 104° of 

hip passive flexion. Because the MCID for hip flexion is 5.5° this change of 4° is not 

considered clinically meaningful to the patient.   

Another consideration when taking measurements via standard goniometry is the 

SEM. The SEM is the difference between the current clinical measurement and the 

theoretical true score.54 For example, a patient comes in for their therapy visit and you 

measure their passive hip flexion with a standard goniometer to be 120°. Taking into 

account the SEM of 3.5°, the patient’s true passive hip flexion would fall between 116.5° 

and 123.5°. Established SEMs for hip goniometry vary between 3.1° and 4.7°.55 When 

gauging a patient’s progression or establishing motion restrictions MCIDs and SEMs 

should be considered.    

Recent evidence suggests that true coxofemoral flexion, to the point of bony 

contact between the femoral head-neck junction and acetabulum, is much lower than 

commonly reported. Using healthy males and ultrasound visualization, researchers 

established passive hip flexion to be 96° ± 6°56 which contrasts the normally reported 

120° of hip flexion. Terminal motion at the hip joint is ultimately limited by bony contact 

between the femur and acetabulum. Any additional motion is a result of pelvic movement 

instead of rotation between the femoral head and acetabulum. In a non-weight bearing 

position the pelvis contributes 13.1-35.3% of hip flexion.57 Greater contributions from the 
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pelvis correspond with the knee in the extended position and shorter hamstring length.57 

While weight bearing pelvic motion is responsible for approximately 18% of hip flexion.58 

In order to limit accessory motions the pelvis can be secured with a belt. By placing one 

hand under the sacrum clinicians can feel for any lift, tilt, or rotation that would indication 

motion is no longer coming from the hip joint.  

Hip flexion is also affected by the position of the knee joint. When the knee is 

extended hip flexion will be dependent on the tightness of the hamstring muscles as they 

cross both the knee and hip joints.59 With the knee flexed, tension on the hamstring 

muscles is eliminated.59 As hip flexion is limited by bony contact or hamstring tension, 

hip extension (ranging from 10-15°) is always limited by soft tissue. The iliofemoral 

ligament, anterior capsule, rectus femoris, and iliopsoas limit hip extension.59  

Internal and external rotation at the hip can be measured in three positions: the 

patient short sitting with the knee and hip to 90°, the patient supine with the hip and knee 

flexed to 90°, or with the patient prone with the hip in neutral and the knee bent to 90°. In 

any of these scenarios it is important to use a belt or another clinician to stabilize the 

pelvis. Measuring rotation in supine has demonstrated excellent inter- and intra-rater 

reliability (0.75-.091),60 while measuring rotation in the seated position is less reliable 

(0.64-0.82).60 Studies comparing patient positioning have found that ROM values differ 

significantly from one position to another due to stiffness or laxity in ligaments 

surrounding the hip joint. When the hip is flexed these ligaments are significantly more 

lax resulting in increased rotatory motion. As such, consistency in measurement 

methods, including patient positioning, is extremely important in the clinical setting.  

Similar to the pelvic accessory motion seen during hip flexion, motion at the 

tibiofemoral joint, especially in women, may contribute to inflated hip internal and 

external range of motion values.61 When the tibiofemoral joint is properly stabilized the 

arch of rotation at the hip significantly decreases. This difference is only seen in 



 
11 

women.61 As such, it can be hypothesized that increased motion is caused by 

ligamentous laxity.61 In order to stabilize the tibiofemoral joint rotation can be measured 

in supine where the femur is rotated without using the tibia as a lever.   

When evaluating rotation at the hip it is important to consider the total arch of 

motion instead of isolated internal and external rotation. Similar to shoulder rotation, 

some athletes develop more rotation in one direction and limited rotation in the other.  

For example 42% of professional baseball pitchers have a bilateral difference of greater 

than 10 degrees for hip external rotation.62 Normal arch of motion has been reported to 

be between 73 and 83 degrees.62-64    

Understanding the potential for inflation to affect hip range of motion is of the 

utmost importance to clinicians. Consistency of measurement among one clinician and 

between multiple clinicians is imperative to a patient’s progress and diagnosis. Some hip 

pathology presents with increased or decreased ranges of motion and accurate 

measurements are critical to making these diagnoses. When measuring hip range of 

motion via a standard goniometer always keep patient positioning consistent, secure the 

pelvis with a strap or support from another clinician, watch for compensations such as 

pelvic rotation via the anterior superior inferior spine lifting on the contralateral side, and 

compare bilaterally.  

Bony and ligamentous anatomy 

In order to thoroughly assess bony anatomy of the hip there are multiple 

angulations that must be considered. One is the angle of inclination. The angle of 

inclination is the angle between the femoral shaft and neck in the frontal plane.  A 

normal value is approximately 125° allowing the greater trochanter to lie at the center of 

the femoral head therefore appropriately aligning the joint surfaces. An angle of 

inclination greater than 125° is called coxa valga, and an angle smaller than 125° is 

called coxa vara. At birth the angle of inclination is approximately 150°; however, due to 
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the stresses of walking during development this angle decreases to the normal adult 

value of 125 ± 5°.65 Physicians generally measure the angle of inclination via x-ray or 

MRI. Each variation has unique clinical implications resulting from changes in the length 

of the lever arm. This lever arm spans the distance from the greater trochanter to the 

center of the hip joint. Lengthening or shortening of this lever arm results in a change in 

the length of the abductors.   

For example, in coxa valga the distance between the greater trochanter to the 

center of the hip joint has increased. Thus, the hip abductors have to produce less 

power because of a longer lever arm. Conversely in coxa vara the lever arm between 

the greater trochanter and the center of the hip joint has been shortened placing the 

greater trochanter nearly level with the center of the hip joint. In this scenario the 

abductors are working in a more optimal length for force production and therefore don’t 

have to work as hard to stabilize the joint.66    

An additional variation to the bony anatomy is version. In the hip joint the femoral 

head and/or acetabulum can be anteverted or retroverted. Each variation carries with it 

its’ own set of clinical and biomechanical implications. In a healthy hip the acetabulum 

should sit slightly anteverted. Femoral version is measured via the angle of torsion. The 

angle of torsion is the angle between the femoral head and femoral shaft in the 

transverse, or axial plane and a normal value is 12 °to 14°.59 As this angle increases the 

mechanical advantage of the gluteus maximus increases and that of the abductors 

decreases.66  

The angle of torsion can be measured clinically via Craig’s Test to measure the 

angle of torsion.  The patient lies prone with the involved knee flexed to 90°. The 

clinician will internally and externally rotate the femur palpating the greater trochanter.  

The clinician will align the greater trochanter parallel with the horizontal. Then the 

clinician then uses a standard goniometer to measure the angle between the tibial shaft 
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and the vertical. Craig’s Test has moderate inter-rater reliability .6, and good intra-rater 

reliability .8-.9.67 

Femoral retroversion is defined as an angle of torsion less than 10°, while 

femoral anteversion is defined as an angle of torsion greater than 20°. Often patients 

with femoral retroversion will walk with a toe-out gait, and patients with femoral 

anteversion with a toe-in gait. This is a natural compensatory behavior adapted to align 

the middle of the head of the femur in the socket as the body attempts to attenuate joint 

forces by internally or externally rotating the femur. In other words, the body is seeking 

stability and joint congruity.68  

In addition to bony articulations, a complex arrangement of ligamentous, 

muscular, and cartilaginous structures comprises the hip joint. The acetabular labrum is 

a wedge-shaped fibro-cartilaginous structure that helps maintain joint lubrication and 

pressure homeostasis by creating a suction seal between the acetabulum and femoral 

head. Additionally, it increases the depth of the acetabulum providing additional stability 

especially in shallow or dysplastic hips.  In cadaveric studies it has been shown that the 

labrum increases the joint depth by ~21%.69 Though many assume the labrum circles 

the entire acetabulum it is in fact incomplete inferiorly.  

Researchers and surgeons often refer to the labrum as a clock; 12 o’clock 

corresponding to the most superior portion of the labrum. Tears to the labrum typically 

occur in the antero-superior portion (9 to 12 o’clock on the left hip and 12 to 3 o’clock on 

the right hip respectively). Deep hip flexion and rotation put particular stress on the 

antero-superior portion of the labrum while an axial load in mid range flexion is more 

likely to stress the posterior labrum. Labral tears are common. Approximately 70% of 

asymptomatic adults have a labral tear.9 It is not clear what variables make one 

individual symptomatic and another asymptomatic. The following five etiologies cause 

acetabular labral tears: trauma, femoral acetabular impingement (FAI), dysplasia, 
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capsular laxity/hypermobility, and degeneration.69 Research has shown that 

symptomatic labral tears secondary to FAI are more common in active people and 

athletes.16 Many athletic demands place additional stress on the antero-superior labrum. 

Some of the sports with the highest incidence of labral repairs are hockey, American 

football, and baseball.  

Similar to meniscal tears in the knee, tears to the labrum in the hip have very 

limited healing potential because the majority of the labrum is avascular. There are four 

zones that comprise the acetabular labrum, IA, IB, IIA, and IIB. Zone I is more vascular 

than zone II as it is closer to the joint capsule, and zone IB is the most vascular .70 Due 

to the anatomic location of the zones, labral tears are rarely isolated to zone IB meaning 

surgical intervention is often a required treatment to repair, reconstruct, or debride 

symptomatic tears.   

The capsule surrounding the hip joint is bi-layered originating on the acetabular 

rim and inserting on the anterior and proximal posterior intertrochanteric lines. The fibers 

of the superficial capsule run longitudinally while the fibers of the deep capsule run 

circularly. The purpose of this bi-layered system is to increase joint stability. Though bi-

layered the capsule is thinner posteriorly, thereby providing more stability anteriorly.   

Thinning of the posterior capsular, in-part explains the disproportionate amount of 

posterior hip dislocations in comparison to anterior dislocations. In addition to less 

capsular support the posterior joint also has significantly less ligamentous support.   

Acetabular retroversion can also anatomically predispose a patient to a posterior 

hip dislocation due to the lateral rotation of the socket. In a hip with a retroverted 

acetabulum the anterior wall of the acetabulum provides a bony block preventing an 

anterior dislocation. With a retroverted acetabulum the femoral head is positioned further 

posteromedial. This positions the femoral head toward the weakest part of the joint 

capsule, and a force in that direction can more easily dislocate the joint. One common 
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mechanism for a posterior hip dislocation is a car accident. This injury is sometimes 

referred to as the “dashboard injury” because the force of the dashboard slamming into 

the front of the knees shoves the femur posteriorly and can result in a posterior hip 

desolation.   

In terms of the ligamentous support in the hip the most notable structure is the 

iliofemoral ligament, also referred to as the “y-ligament". This ligament originates on the 

anterior inferior iliac spine (AIIS) and splits to insert on the distal and proximal aspects of 

the anterior intertrochanteric line; creating the shape of an upside down “y”.67 The 

iliofemoral ligament is one of the strongest ligaments in the human body reinforcing the 

anterior joint capsule, preventing hip extension, and resisting anterior translation of the 

femur inside the acetabulum.67 The iliofemoral ligament along with the anterior joint 

capsule serves as the primary restraints against anterior hip dislocations.   

Other ligamentous structures surrounding the hip joint include the ischiofemoral 

and the pubofemoral ligaments. Each ligament is named by combining the names of the 

bones it connects. The primary purpose of the pubofemoral ligament is to reinforce the 

joint inferiorly and limit hip abduction. Likewise, the ischiofemoral provides support to the 

capsule posteriorly and limits hip internal rotation and extension. Connecting the three 

primary hip ligaments, the ilio-, ischio-, and pubofemoral ligaments, is the ligamentum 

obicularis. As discussed earlier, the labrum does not surround all 360° of the acetabula. 

The transverse acetabular ligament, or TAL, is an inferior continuation of the labrum 

serving to connect the anterior and posterior surfaces of the acetabulum.   

The ligamentum teres, or ligament of the head of the femur, attaches the head of 

the femur and acetabulum intra-articularly. The functionality of the ligamentum teres is 

heavily debated but proposed functions include stability, proprioceptive input, blood 

supply to the femoral head, and nociception.71 The lateral branches of the medial 

femoral circumflex artery provide the majority of the blood supply to the head of the 
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femur. If the femoral head suffers an axial load strong enough this blood supply can be 

cut off causing necrosis to the head of the femur.   

Vascular supply 

Additional vascular supply to the hip begins with the femoral artery, the main 

contributor of blood into the lower extremities. The femoral artery branches from the 

profunda femoris (deep femoral artery) and it can be located in the femoral triangle. 

When examining the hip the femoral triangle is an anatomic location to become 

extremely familiar due to the important structures it contains. The boarders of the 

triangle are Sartorius (laterally), inguinal ligament (superiorly), and the adductor longus 

(medially).  Located within these boarders are (from lateral to medial) the femoral nerve, 

femoral artery, femoral vein, and lymph nodes. 

Branching from the femoral artery are the medial and lateral circumflex arteries.  

The medial and lateral circumflex arteries serve the proximal femur and surround 

musculature. As previously discussed the lateral branches of the medial circumflex 

artery along with the inferior gluteal artery provide the majority of the blood supply to the 

proximal femur and femoral head. When performing a clinical examination, the vascular 

supply to the hip can be assessed by finding the pulse in the femoral artery. Any trauma 

to the upper thigh including femoral fractures and dislocations are a medical emergency 

due to the proximity of the femoral artery to these structures.   

Muscular anatomy 

The primary purpose of the hip joint is to support the head, trunk, and upper 

extremities in an upright position. Functionally, the hip serves to transmit forces between 

the axial skeleton and the lower extremities and is a primary component in locomotion, 

working simultaneously with the foot, ankle, and knee.    

The 21 muscles crossing the hip joint provide triplanar motion.68 In addition to 

motion these muscles reinforce stability between the femur and acetabulum. As a 
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reminder the three planes of motion are the sagittal in which the hip can flex and extend, 

the transverse where the hip internally and externally rotates, and lastly the frontal or 

coronal plane where the hip abducts and adducts.  These muscles can be grouped by 

primary action as seen in Table 2.2.  

During a clinical evaluation assessing the musculature surrounding the hip 

includes testing range of motion, evaluating strength in isolated muscles or muscle 

groups when isolation is not possible, palpating for tenderness and/or deformity, and 

testing for functionality. Manual muscle testing (MMT) can be an excellent clinical tool for 

screening and assessing gross muscular function; however it lacks the sensitivity 

necessary to rehabilitate active individuals, and accuracy to evaluate bilateral strength 

deficits.72 

If available, a better way to assess strength is via hand held dynamometry. 

Movement using MMT is graded on a zero to five scale where zero represents no 

contraction, one represents there was a visible contraction but no movement, two 

represents either movement through limited ROM against gravity or movement through 

the full gravity-free ROM, three represents full ROM against gravity, four represents full 

ROM against gravity and moderate resistance, and lastly five represents full ROM 

against gravity and full resistance. When performing MMT be aware of compensations. 

For example, if the patient internally rotates their femur when you are performing 

iliopsoas MMT they are attempting to compensate with their tensor fascia latae. 

Conversely, if they roll into external rotation they are compensating with their sartorius.  

For a clinical examination it is important to know the location of the muscles 

surrounding the hip. Starting most medial and working laterally on the proximal anterior 

side of the hip the superficial muscles are the gracilis, adductor magnus, adductor 

longus, adductor brevis, and pectineus. To identify the adductor longus have the patient 

think about adducting their leg.  You will feel the slightest contraction over the adductor 
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longus muscle belly. Likewise, by having them think about flexing the hip will help you 

identify when you move from the adductor group to the pectineus which is both a hip 

flexor and adductor.   

The muscle belly of the adductor magnus can be palpated more easily with the 

patient prone. The posterior head of the adductor magnus is a hip extensor. In fact, it 

has the greatest moment arm of all the hip extensors.68 The gluteus maximus and 

adductor magnus also have the greatest cross sectional area of the primary extensors.68 

To differentiate between the adductor magnus and other medial hip extensors, the 

semimembranosus and semitendinosus, have the patient adduct the hip in prone and 

then extend the hip with the knee straight. The adductor magnus should fire in both 

these scenarios.   

The semimembranosus and semitendinosus will contract when you have the 

patient extend the hip with the knee straight and with the knee bent, as they are hip 

extensors and knee flexors. It is important to note that the semitendinosus tendon lies on 

top of the semimembranosus tendon. On the lateral posterior thigh lies the biceps 

femoris. This primary hip extensor and knee flexor has two origins: the ischial tuberosity 

(long head) and proximal femur (short head). Both the long and short head of the biceps 

femoris insert on the styloid process of the head of the fibula. In addition to hip extension 

and knee flexion, the biceps femoris is also a secondary external or lateral hip rotator.  

Compared to other muscle groups, the hip extensors produce the most torque across 

the hip joint.68 This torque is demonstrated during explosive motions such as rapid 

acceleration and rising from a deep squat.   

In some terminal motions hip muscles can reverse their actions due to their 

orientation to the center of rotation (i.e. the femoral head).  For example, the piriformis, 

gluteus minimus (posterior fibers), and gluteus maximus (anterior fibers) all become 

internal rotators in deep hip flexion.  In anatomic position (0° of hip flexion) the piriformis 
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is a primary hip external rotator with an external moment arm of 2.9 cm. Beyond ~90° of 

hip flexion, it becomes an internal rotator with an internal rotation moment arm of 1.4 cm.  

This happens when the line of pull flips superior to the greater trochanter of the femur.  

The exact point in hip flexion where the piriformis switches to an internal rotator is not 

completely understood and may vary based on an individual’s anatomy.68 

Traditionally it was thought that the primary external rotators of the hip were the 

six short external rotators. These six muscles are the piriformis, gemellus superior, 

obturator internus, gemellus inferior, obturator externus, and the quadratus femoris; 

however, cadaveric studies have shown that the obturator externus does not produce 

enough torque to be considered a primary external rotator. This is because obturator 

externus has a line of force so close to the longitudinal axis of rotation it cannot develop 

substantial torque.68 Therefore, it is classified as a secondary external rotator. The 

primary external rotators of the hip are the piriformis (below ~90° of hip flexion), 

obturator internus, gemellus superior, gemellus inferior, quadratus femoris, and the 

gluteus maximus. In addition to producing movement, the short external rotators also 

compress the femoral head into the acetabulum adding dynamic stability to the 

femoroacetabular joint.68 This mechanical stability is similar to that provided by the 

infraspinatus and teres minor on the glenohumeral joint.   

Normal hip mechanics allow forces to properly transmit from the distal joints, the 

ankle and knee, through the hip and into the trunk. The hip is responsible for mitigating 

ground reaction forces and allows for bipedal gait. The literature has demonstrated that 

during a single leg stance two to three times a person’s body weight are transferred 

through the hip joint. During gait that load increases to two to four times a person’s body 

weight. The greatest load is applied through the hip joint at mid-stance. The majority of 

the stress moving through the hip is transferred directly through the superior and anterior 

acetabular surfaces. One common abnormality to hip mechanics is called a 
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Trendelenberg gait. In this gait pattern patients shift their trunk over involved side due to 

gross abductor weakness.   

Patients with symptomatic FAI present with impairments such as weak external 

rotators and abductors, tight anterior joint structures, and limited hip flexion and rotation 

motion.73 Biomechanical analyses have demonstrated that patients with symptomatic 

FAI have significantly lower peak abduction during walking secondary to weak abductors 

and external rotators. Additionally, these patients demonstrate a trend toward decreased 

motion in the sagittal plane during a walking task. This decrease was not due to 

decreased hip extensor strength. Instead the authors hypothesized reduced sagittal 

plane motion was likely due to tight anterior structures such as the iliofemoral ligament 

and joint capsule.74 

Intra-articular disorders 

Clinical assessment can be 98% reliable at detecting the presence of a hip joint 

problem; however, the exam may be poor at defining the exact nature of the intra-

articular disorder.75 According to a recent systematic review there is an equal (50%) 

distribution between intra-articular and extra-articular pathologies resulting in surgery.76 

Over 80% of cases were attributed to one of five pathologies: femoral acetabular 

impingement (FAI), sports hernia/athletic pubalgia, adductor-related pathology, inguinal 

pathology, or an acetabular labral tear.76  

In the remaining pages of the chapter we will provide a brief overview of the 

common intra-articular pathologies affecting the hip joint. The first pathology we will 

address is developmental dysplasia of the hip (DDH). DDH is a broad term used to 

categorize alignment abnormalities to the femoral head and acetabulum. Acetabular 

dysplasia is characterized primarily by an under developed acetabulum which provides 

insufficient coverage to the femoral head. Following Wolff’s Law which states that 

adaptive changes in the structure and biomechanical properties of bone occur in 
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accordance with functional demands77, the femoral head may then under develop as the 

acetabulum is not providing appropriate, healthy stress. 

Ultrasound is the preferred screening method in children under six months of 

age; however, following ossification of the femoral head and maturing of the cartilage 

portions of the acetabulum and femur radiographs can be used. Eighty percent of 

children affected by DDH are female.78 Most cases of DDH will resolve in the first few 

months of life; however, if DDH does not resolve and carries on to skeletal maturity there 

may be long-term ramifications. These ramifications according to a recent Cochrane 

review include delayed walking, leg length discrepancy, chronic hip pain, avascular 

necrosis (AVN), and osteoarthritis.79 The most commonly recommended treatments in 

infants include bracing and casting to avoid the motions of hip extension and abduction, 

giving the hip time to properly develop while limiting risk of dislocation.  

Early symptoms of DDH adolescence and adults include poor exercise tolerance 

with muscle pain secondary to muscle fatigue of the hip's abductor muscles, and diffuse 

hip pain in the groin, buttocks, anterior thigh, or over the area of the greater trochanter. 

Treatment options for skeletally mature patients with DDH are more limited, but in the 

absence of osteoarthritis a periacetabular osteotomy (PAO) may be considered.  

Secondary to DDH patients may present with a hypertrophic acetabular labrum. 

This hypertrophy is a compensatory mechanism aimed at deepening the hip socket and 

providing stabliity.80 Labral tears are a common intraarticular hip pathology in young, 

active adults. These patients present clinically complaining of clicking, locking, or 

catching deep within the hip. Unusual sounds and/or sensations can be helpful in 

making a clinical diagnosis. Snapping/popping coming from the hip can be incidental or 

clinically significant. Popping coming from deep inside the hip is both sensitive (100%) 

and specific (85%) for an acetabular labral tear.81 Pain patterns can vary however the 

most common locations for pain are the groin and anterior thigh.82 Not all labral tears are 
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symptomatic. In fact, 70% of people have an asymptomatic labral tear.9 Symptomatic 

labral tears often correlate with abnormal hip morphology including DDH and femoral 

acetabular impingement (FAI).  

Additional pathologies that present in children with insidious hip and groin pain 

are legg-perthes disease and slipped capital femoral epiphysis (SCFE). Legg-perthes 

disease is five times more common in obese (32%) and overweight (16%) boys and is 

significantly more common in Caucasians.83 In legg-perthes disease ischemia, or a lack 

of blood supply, to the femoral head causes the articular cartilage to become necrotic 

and flatten. It is hypothesized that genetic and/or environmental factors may play a role 

in the incidence and progression of legg-perthes disease. Genetic factors may increase 

the susceptibility to the disruption of the blood supply to the capital femoral epiphysis, 

whereas environmental factors may trigger the disease. Environmental factors would 

include excessive activity causing mechanical overload and repeated micro-trauma.  

The average age at presentation is generally between 4 and 8 years old.83 

Children with legg-perthes disease will report their pain gets worse as the day 

progresses and gets better with rest. Seventy-five percent of cases of legg-perthes 

disease will present with a limp, and if the femoral head has collapsed they will have a 

leg length discrepancy with the involved limb being shorter. To measure true leg length, 

the actual difference in length of the femur or tibia bones, measure from the anterior 

superior iliac spine (ASIS) to the ipsilateral medial malleolus. The minimal detectable 

change (MDC) for a true leg length discrepancy is 10-20mm.67 Clinically, weakness in 

the hip abductors, a positive Trendelenberg gait, and decreased abduction and internal 

rotation may also be noted. There are multiple treatment options for legg-perthes 

disease described in the literature. Non-weight bearing for a period of six to eight weeks 

has been suggested, but results are conflicting. Surgical treatment options are quite 

invasive including pelvic and/or femoral osteotomies.  
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Slipped capital femoral epiphysis (SCFE) is the most common hip condition in 

adolescents.84 SCFE is idiopathic; however it has been suggested that growth hormones 

(specifically testosterone), or obesity, which increases the sheer forces on the growth 

plate may play a role.84 Like in legg-perthes disease, SCFE is also most commonly seen 

in young obese boys. Contrary to legg-perthes disease SCFE is more common in 

children a bit older (mean age 12 ± 1.8), and is more common in blacks or Hispanics 

than Caucasians.84 On radiographs SCFE presents with the femoral head shifted inferior 

and posterior.     

Patients with SCFE will clinically present with excessive external rotation and 

nearly no internal rotation.84 Due to the slip of the femur these children will likely present 

with a leg length discrepancy and moderate to severe limp. Ninety percent of SCFE 

cases are stable84, however if suspected patients should be placed on crutches until 

they have a thorough exam by a physician including radiographs. Bilateral SCFE cases 

occur in approximately 60% of children.84 SCFE is always treated surgically, inserting a 

pin between the femoral head and femoral neck to stabilize the epiphysis.   

Femoral neck stress fractures are rare, and treatment is highly dependent on the 

location of the stress fracture. If the stress fracture is located on the tension side of the 

femoral neck is it a higher risk injury than if it is located on the compression side. 

Treatment for tension side femoral neck stress fractures is screw fixation, whereas 

treatment for compression side femoral neck stress fractures is much more 

conservative. Generally, compression side stress fractures will respond to treatment with 

non-weight bearing. Coxa vara, previously discussed, is a decreased femoral neck- 

femoral shaft angle, can be a risk factor because it increases the bending moment 

across the tension side of the femoral neck, placing it at risk of femoral neck fracture. If a 

stress fracture is suspected during a clinical examination, it is not recommended to do 

additional stress testing.  
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The hip, or coxofemoral joint, is a complex arrangement of bony, muscular, 

ligamentous, and cartilaginous structures. This complexity can make clinical diagnosis 

and treatment challenging. Understanding muscles acting on the hip joint as well as 

bony variations can assist clinicians in making a thorough diagnosis.  

2.2 FEMORAL ACETABULAR IMPINGEMENT  

The coxofemoral joint, described in detail above, provides triplanar motion. 

Functioned with providing support to the head, trunk, and upper extremities in an upright 

position and transmitting forces between the axial skeleton and the lower extremities, the 

hip is a primary component in locomotion, working simultaneously with the foot, ankle, 

and knee. The acetabular labrum is a fibrocartilage rim surrounding the acetabulum. The 

primary purpose of the acetabular labrum is to create a suction seal maintaining 

intraarticular joint pressure, though in dysplastic hips it can also be functioned with 

increasing joint depth.  

Injuries to the hip joint are common. Femoral acetabular impingement (FAI) is 

one common source of non-arthritic hip pain. FAI occurs from a morphologic 

incongruence between the femoral head, acetabulum, or both. There are three types of 

FAI. The first is characterized by extra bone growth on the femoral neck, known as a 

CAM lesion. On radiograph, an aspherical femoral head, and therefore a decreased 

femoral head-neck offset, is found in patients with CAM lesions. (Image 2.1) The second 

type, a pincer lesion, is extended bone off the acetabulum or an ossification of the labral 

tissue. Sometimes a pincer lesion is referred to as coxa profunda, or a deep socket. 

(Image 2.2) Lastly, patients may present with a combination of the two lesions creating a 

“mixed” morphology. Clinical and radiologic signs of FAI are more common in athletic 

populations.5,6 Clinically, patients often present reporting their pain with a “c sign”. The “c 

sign” is displayed when a patient cups their hand around their affected hip to describe 

pain deep within the joint.  
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Similar to DDH, FAI can result in tears to the acetabular labrum. Instead of the 

labrum becoming hypertrophic, the labrum is pinched by the bony overgrowth in 

positions such as hip flexion and internal rotation. Over time this repetitive trauma can 

result in a tear. Whether caused by FAI, DDH, capsular laxity/hypermobility, or 

degeneration treatment options for acetabular labral tears are the same. First line 

treatment includes an intra-articular cortisone injection and physical therapy. In addition 

to providing patients pain relief, intra-articular cortisone injections have a high sensitivity 

(1.0) and specificity (0.88) in diagnosing intra-articular hip pathologies.85 A decrease in 

symptoms following an intra-articular injection suggests the pain generator is intra-

articular. Intra-articular injections are 90% accurate when compared to arthroscopic 

findings.75 This diagnosing capability is important as it can be clinically challenging to 

differentiate the true generator of hip pain. Hip pain may be referred from a number of 

locations including the sacroiliac (SI) joint, lumbar spine, pelvic floor (including insertion 

of the hip adductors), and extra-articular hip structures (iliotibial band, trochanteric bursa, 

gluteal tendons). A definitive diagnosis is key in treating hip pathology. If an intra-

articular cortisone injection and physical therapy fails to improve symptoms for an 

acetabular labral tear surgical intervention can include labral debridement or removing 

the portion of the labrum that is torn, labral repair, or labral reconstruction. Patients that 

undergo labral repair generally report less pain and higher function in the years following 

surgery.86,87 

Radiographic prevalence of FAI is common; however, radiographic evidence of 

FAI is not always correlated with symptoms. In 2017, Thier et. al. measured lateral 

center edge angles (LCEAs) (Image 2.2), a measure of pincer deformity, on standard 

anterior-posterior (AP) pelvis radiographs, and alpha angles, a measure of CAM 

deformity (Image 2.1), on lateral view radiographs in 110 asymptomatic patients.7 They 

found indications for pincer deformity (LCEA > 40°) in 13% of patients, and for CAM 
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deformity (alpha angle > 50°) in 41% of patients.7 Unfortunately, radiographic measures 

of impingement have limited reliability. In 2009 five hip specialists and one fellow 

performed blinded radiograph evaluations. They concluded that standard radiograph hip 

parameters are unreliable and not reporoducable.88 In 2018 the Thier et. al study was 

replicated using a more sensitive measure, 3D models developed from CT scans.8 Using 

this method 31% of healthy, asymptomatic volunteers presented with a CAM deformity.8 

Though one in every three healthy patients may have a CAM deformity, labral tears are 

even more common. In 2012 Register et. al. performed MRIs on 45 patients with no 

history of hip pain, symptoms, injury, or surgery and found 69% had a labral tear.9  

Clinical and radiologic signs of FAI are identified with a higher prevalence in 

athletic populations. For example, in 2018 Falotico et al. used radiographs to calculate 

measures of bony impingement in 60 professional male soccer players and 32 healthy 

male controls. 92.5% of the soccer players displayed signs of FAI (21.7% CAM, 33.3% 

pincer, 45% mixed), while only 28.1% of controls displayed signs. Additionally, the alpha 

angle positively correlated with the duration of the soccer career (p=.03) and negatively 

correlated with the age at which the career began (p<.01).11 In younger populations this 

is also true. Youth ice hockey players are 15 times more likely to develop a CAM lesion 

than their age-matched peers.10 Similarly, 94.3% of hips in the National Football League 

(NFL) have radiographic indicators of FAI.89 Labral damage seems to mirror bony 

impingement. Kivlan et. al. demonstrated that 93.3% of patients seeking treatment for 

hip pain had abnormal labral findings.82  

Treatment seeking patients with FAI are generally physically active, as previous 

discussed, or females in their mid-thirty’s according to recent epidemiology data.82 They 

present with the primary complaints of pain with sitting (45%) and sporting activity (45%). 

Pain patterns typically consist of groin (40%) and anterior hip pain (24%).82 Upon clinical 

examination 62% of patients with FAI will test positive on the anterior impingement test, 
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or internal rotation overpressure (IROP), and will have passive motion limitations 

primarily in flexion and rotation.12  

Patients with symptomatic labral tears present clinically with pain, clicking, 

locking, or catching deep within the hip. Pain patterns can vary however the most 

common locations for pain are the groin and anterior thigh.82 As discussed above, 

symptomatic labral tears often correlate with abnormal hip morphology. CAM and pincer 

lesions often create differing damage patters to the labral tissue. CAM lesions result in 

focal tears to the anterosuperior labrum while pincer lesions result in circumferential 

labral ossification.90 There is evidence to suggest that the previously described labral 

tears and impingement patters are a causative factor in the accelerated development of 

hip osteoarthritis (OA).90,91   

Diagnosing symptomatic FAI and associated labral tears is challenging as a 

variety of pathologies throughout the low back and pelvis can refer pain to the hip. Intra-

articular cortisone injections are one method of differentiating the pain generator. 

Cortisone injections have a high sensitivity (1.0) and specificity (0.88) in diagnosing 

intra-articular hip pathologies.85 A decrease in symptoms, primarily pain, following an 

intra-articular injection suggests the pain generator is intra-articular. Intra-articular 

injections are 90% accurate when compared to arthroscopic findings.75 

Secondary to challenges in diagnosis, treatment-seeking patients with 

symptomatic FAI often have an extended duration of symptoms. The average duration of 

symptoms is approximately 28 months92, with 40% of patients reporting having pain for 

longer than 24 months.82 Consequences of such an extended duration of symptoms 

include worse pain and symptoms at preoperatively.21  

2.3 CONSERVATIVE TREATMENT OF FAI 

The current state of conservative treatment for FAI is moderately effective at 

best. Based on the five available studies that examine physical therapy as a treatment 
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for symptomatic FAI we can conclude in general, at least half of patients will continue on 

to surgical intervention41, and those patients may be more active93 and/or have worse 

hips (i.e. greater severity of impingement) at baseline.94 The overarching goal of 

conservative rehabilitation is to target impairments such as weak external rotators and 

abductors and limited hip flexion and rotation motion.73 

 The first of the five studies to examine rehabilitative therapy to improve 

symptoms and function in patients with symptomatic FAI was a 2012 prospective 

observational study. In total, 52 patients presenting with symptomatic FAI were recruited 

into and completed the study. Following 3 months of conservative rehabilitation those 

with continued limitations proceeded to surgical intervention. The results demonstrated 

moderate success with conservative treatment with 44% of patients satisfied with their 

improvement, and 56% choosing to have surgery. Those that went on to surgery were 

more active at baseline (Baecke total score surgical group 8.4  1, nonsurgical group 7.4 

 1, p=.02).93 Further information regarding types of activities was not provided.   

 The second study was a randomized control trial involving 80 (91% active) 

military members. Patients were randomized into one of two groups: hip arthroscopy or 

12 sessions of physical therapy (conservative treatment). There were no significant 

differences between groups at baseline. Following treatment, 70% of those in the 

conservative treatment group went on to surgery, and at 2 years post-operation there 

were no differences between groups in terms of self-reported pain and function. No 

predictors of success or failure were provided. Regardless of group, 33% of patients 

were no longer medically fit for duty at the two year timepoint.41 

 A 2018 study examined the success of conservative treatment in patients with 

hip pain caused by FAI. In this multicenter, 2 parallel arm superiority randomized control 

trial 348 patients were randomized into one of two groups: hip arthroscopy or 6-10 
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sessions of individualized physical therapy. At 12 months post intervention, both groups 

saw improvement; however, the surgical group saw a significantly greater improvement 

in self-reported pain and function.95  

 Casartelli et. al. published a longitudinal cohort study in 2018 where 31 patients 

completed 12 weeks of progressive exercise therapy. Half of these patients saw 

significant improvement in both self-reported pain and function and objective abductor 

strength and pelvic control. Patients that did not respond to conservative therapy had a 

higher prevalence of severe cam morphology.94  

 A fifth study was published by Kemp et. al. in 2018. This pilot randomized control 

trial enrolled 24 patients with symptomatic FAI. They determined that a full scale RCT 

comparing FAI specific physical therapy to a control group of standard strengthening is 

feasible based on patient retention, intervention delivery, and within group effect sizes. 

Both groups attended 8 physical therapy sessions over 12 weeks. The largest 

differences in effect size were seen in patient reported measures; specifically the 

International Hip Outcome Tool-33 (iHOT-33) (FAI specific 1.34, control 0.42), Hip 

Osteoarthritis Outcome Score (HOOS) quality of life scale (FAI specific 1.26, control 

0.56), and HOOS pain scale (FAI specific 1.77, control 0.45), as well as hip adduction 

strength (FAI specific 1.04, control 0.04).96   

 Overall, we can conclude from the available literature that the current standard of 

care conservative treatment is ineffective for the majority of patients. Though select 

patients saw decreased pain and improved strength and function those patients 

generally had lower activity expectations and less severe joint pathology. Further 

research is necessary to fine-tune the treatment paradigm including duration, dosage, 

and essential intervention components.  

2.4 HIP ARTHROSCOPY 
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 In the absence of effective conservative treatment, and to prevent or delay the 

progression of osteoarthritis, hip arthroscopy is often performed with the goal of resorting 

normal joint pathomechanics. Hip arthroscopies have increased dramatically over the 

past 20 years. From 1999 to 2009, the number of hip arthroscopies performed annually 

in the United States increased 18-fold.13 

 Hip arthroscopy outcomes 

A wide variety of patient reported outcome (PRO) measures are currently being 

used in patients with FAI. In 2017, Stone et. al identified 21 different PRO instruments 

reported in the hip arthroscopy literature.97 The most common PROs were the Modified 

Harris Hip Score (mHHS), HOS-ADL, HOS-SS, visual analog scale (VAS), and 

Nonarthritic Hip Score (NAHS); however, in terms of responsiveness the NAHS and 

iHOT-12 were superior.97 The wide variety of outcome measures being used makes 

comparisons between studies challenging. The psychometric properties of the five most 

common hip arthroscopy PROs (Copenhagen Hip and Groin Outcome Score (HAGOS), 

HOOS, HOS, iHOT-33, and mHHS) were established by Kemp et. al in 2013. The 

HAGOS has six subscales: pain, symptoms, activities of daily living (ADL), sport and 

recreation, physical activity, and quality of life. The HOOS has five subscales: pain, 

symptoms, ADL, sport and recreation, and quality of life. The HOS has two subscales: 

ADL and sport-specific (SS). The test-retest reliability, SEM, MDC, MIC, and PASS for 

these five scales can be found in Table 2.3.17         

 Outcomes following hip arthroscopy are generally good with the majority of 

patient’s (86%) are satisfied14 and able to return to their desired level of function; 

however, there is a subset of patients with suboptimal outcomes. Capongna et. al 

determined that 10.5% of patients have a poor outcome at a 2-year follow up as defined 

by a mHHS of <70,18 and more alarmingly Levy et. al found that in 81 studies (9,317 
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hips) only 25% of patients met the patient acceptable symptomatic state (PASS) for the 

HOS-ADL and 30% met the PASS for the HOS-SS at a mean 31 month follow-up.17  

Postoperative pain, measured via a Visual Analog Scale (VAS), is not often 

reported in hip arthroscopy outcomes studies. The meta-analysis by Minkara et al in 

2018 identified three studies that used VAS pain as an outcome variable. Brunner et. al. 

evaluated 53 hips and found a mean preoperative VAS score of 5.7 and a mean 

postoperative VAS score or 1.5. (4.2)98 Horisberger et. al. reported similar numbers in a 

cohort of 20 patients with a preoperative VAS score of 6.0 and a postoperative score of 

1.8 (4.2).99 Lastly, Larson et. al. reported a preoperative VAS score of 6.1 and a 

postoperative score of 1.2 in 94 patients(4.9).87 All of these pre- to postoperative 

changes exceed the MCID for postoperative VAS scores (1 point), and postoperative 

VAS scores exceed the Patient Acceptable Symptomatic State (PASS) score of 3.3.100 

Reoperation rates vary in the literature with Minkara et. al. describing a 5.5% risk 

of reoperation (revision arthroscopy or conversion to a total hip arthroplasty) in a 2018 

systematic review and meta-analysis of 1,911 patients4, while Kivlan et. al described 

24.4% of 1,738 patients in a multicenter epidemiologic study having had prior surgery 

addressing their current pain.12 In 2016 Newman et al compared 246 patients 

undergoing revision hip arthroscopy with a matched cohort of 492 patients undergoing 

primary hip arthroscopy.101 The reoperation rate in primary hip arthroscopy cases was 

8%, and in revision hip arthroscopy cases it was 2%.101  

 Return to athletic competition following surgical treatment for FAI and acetabular 

labral tears have been evaluated in a number of systematic reviews. In 2018 one such 

review examined return to sport in competitive athletes following arthroscopic treatment 

(repair, reconstruction, or debridement) for a labral tear. The authors identified that 

87.4% of competitive athletes returned to their previous level of play in a mean of 7.7 
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months (range 4 to 9.4).102 Again limiting surgery to only those done arthroscopically, 

Minkara et. al. found that of 554 athletes 87.7% were able to return to play.4 Expanding 

surgical procedures to include open and mini-open techniques, Casartelli et. al. found a 

very similar proportion (87%) of 977 athletes returned to play following hip surgery for 

FAI, while only 82% returned to the same level of compitition.15 The most recent 

systematic review by Reiman et al in 2018 evaluated 35 studies with 1,643 athletes 

(1,828 hips), and found that approximately three in four athletes were able to return to 

their pre-injury level of competition (74% returned in an average 7.0 ± 2.6 months).103 

The authors found that professional athletes were able to return, though not to their 

previous level, at a higher rate than those playing at the collegiate level.103 Across 

reviews, the inability to return to play ranged from 12.3%-26%, with the larger 

percentage corresponding to studies including open procedures. None of these reviews 

compared return to play rates between surgical procedures; however, this distinction 

may be important in counseling patients on recovery expectations. Matsuda et al. 

performed a systematic review comparing the three major surgical approaches 

(arthroscopic, open, and mini-open) and found that arthroscopy resulted in superior 

results clinical outcomes and lower risk of complications.104 Unfortunately, return to 

athletic competition was not a variable examined in this review.  

One limitation of all four systematic reviews is the underrepresentation of women. 

Female athletes comprised only 24% to 30.5% of the athletes; however, most literature 

is consistent that females represent the majority of patients undergoing hip 

arthroscopy.82 This discrepancy may be explained partially by the sports included in 

these reviews (i.e. football and baseball). Future studies should make a conscious effort 

to examine return to play rates in female athletes as they may differ from rates seen in 

male athletes.  
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Return to full duty rates in military members appear to be slightly worse. In 2016 

Byrd et. al. found that 80% of military members were able to return to full duty at an 

average of 5 months following hip arthroscopy92; however in 2018 Mansell et. al. found 

that at 2 years post-operation 33% of military members treated for FAI were no longer 

medically fit for duty.41 A 2018 systematic review by Reiman et al. reinforced the 

sentiment of a low return to full duty rate following surgical treatment for FAI. Overall, the 

authors identified a 57-84% return to duty rate with only 39-59% of military members 

being able to return without limitations.105  

 Based on the evidence described here, and regardless of the outcome variable, 

there is a subset of at least 10-20% of patients experiencing suboptimal outcomes 

following hip arthroscopy. As such, researchers have begun exploring plausible risk-

factors. The next section in this literature review will be a summary of identified risk-

factors influencing poor outcomes following hip arthroscopy.    

Factors influencing hip arthroscopy outcomes 

Risk-factors leading to a variety of poor outcomes following hip arthroscopy are 

being identified with increasing frequency. These factors can logically be divided in two 

categories: modifiable risk-factors and non-modifiable risk-factors. Modifiable factors that 

have been associated with poorer outcomes following hip arthroscopy include an 

extended duration of symptoms21, smoking20, and a higher BMI20. As previously 

discussed an extended duration of symptoms is extremely common in treatment seeking 

patients with symptomatic FAI. There have been two studies that have examined 

duration of symptoms as a potential factor associated with worse outcomes 

postoperatively. Dierckman et. al. performed a retrospective review of 680 patients that 

underwent hip arthroscopy and labral repair.21 They found a negative relationship 

between clinical and patient reported outcomes and duration of symptoms indicating that 

earlier intervention may be warranted.21 Smoking and increased BMI are globally 
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recognized as risk-factors to poor outcomes across the health care domains.106-108 

Smoking leads to poor tissue healing109 and BMI increases the risk of multiple 

postoperative complications.110 Non-modifiable factors associated with the poor outcome 

measures discussed in detail above include female sex18, older age20, and revision hip 

arthroscopy.101 Decreased joint space19 has also been identified as a factor leading to 

poor outcomes though is arguably is a symptom of a protracted time to definitive 

treatment instead of a non-modifiable factor.  

Psychosocial variables influencing hip arthroscopy outcomes 

There are currently six studies suggesting global emotional health is impacting 

outcomes for patients with symptomatic FAI. The first two were published by Potter et. 

al. in 2014.24,25 In both of these studies psychological distress was used as the measure 

of emotional health. Patients were stratified into low, moderate, or high psychological 

distress based on the Distress Risk Assessment Method (DRAM) questionnaire. Higher 

psychological distress was negatively related to preoperative patient reported 

outcomes,25 and patients with higher psychological distress were more likely to request a 

postoperative nerve block for pain control.24  

The third study, by Jacobs et. al. in 2017, determined that preoperative mental 

component scores (MCS) from the Veterans Rand-12 (VR-12) were more related to 

preoperative pain than other traditional orthopedic measures such as magnitude of bony 

deformity, size of the labral tear, and self-reported function.22 These findings were 

validated when Westermann et. al. published similar results. In leu of intra-articular 

findings, similar to Jacobs et.al, Westermann et. al found lower mental health scores 

were predictive of worse self-reported pain and function preoperatively.23  

The final two studies were published in 2018. Nho et. al. examined outcomes for 

those with self-reported mental health disorders26 and Ellis et. al. used a self-reported 

measure of depressive symptoms, The Beck Depression Inventory-II.27 These studies 
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demonstrate that both self-reported mental health disorders and moderate to severe 

depressive symptoms lead to worse postoperative self-reported pain and functional 

outcomes.26,27 

2.5 PAIN 

Postoperative pain, graded on a 10-point VAS, is the primary outcome measure 

selected for this dissertation study. As such, an in-depth examination of pain, how it is 

processed (or misprocessed), and factors that can influence postoperative pain is 

warranted. Acute pain is a normal response to tissue damage; however, it is important to 

understand that tissue damage and pain are not synonymous. The traditional biomedical 

model followed the belief that there was a direct relationship between nociception (tissue 

damage) and pain or discomfort reported by the patient. Though there can be a 

relationship between nociception and pain, many studies have demonstrated a stronger, 

more meaningful, relationship between the patients’ mental status and their pain than 

the integrity of the tissues.111-113  

The role of the nociceptor is to alert the brain of potential danger (i.e. changes in 

pressure, temperature, tension). Nociceptors are free nerve endings located in tissue, 

muscle, and joints. The nociceptor terminal uses glutamate, an excitatory 

neurotransmitter, to activate N-methyl-D-aspartate (NMDA) receptors. Most nociceptors 

(~70%) send signals up the spinothalamic tract via c-fibers. C-fibers are small diameter, 

non-myelinated fibers that send nociceptive signaling to the dorsal root ganglion. A-delta 

fibers, thicker and faster than c-fibers, are responsible for communicating the remaining 

nociceptive information to the brain. Between the c- and a-delta fibers, information is 

delivered to the dorsal root ganglion. From the dorsal root ganglion, the noxious stimulus 

travels up the spinothalamic tract to the thalamus where the brain then decides based on 

both the available noxious information and the perceived threat of the environment 

whether this signal will result in pain.114 Pain is felt when the brain decides, based on a 
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variety of factors including noxious stimuli, environment, and the individuals neural 

signature, that the body is in danger.115   

When pain is present beyond the tissue healing process (3-6 months) or is 

present in the absence of tissue injury the pain because a disease state of its’ own. 

Persistent pain, as we will define in these studies, is any pain lasting 6 months or longer. 

Pain is complex and can never explained by a single variable; however, recent evidence 

and advances in neuroscience allowed researchers to identify some specific variables 

and processes associated with persistent or increased pain. The following sections will 

describe how pain is measured, average pain levels in patients with symptomatic FAI, 

the impact of chronicity on pain levels and neurologic processing, and lastly, we will 

explore factors influencing postoperative pain in patients following hip arthroscopy and 

other orthopedic surgeries.  

Measuring pain 

In this series of dissertation studies pain will be measured on a visual analog 

scale (VAS) and treated as either a continuous variable or categorical variable. 

Increased postoperative pain will be defined as any pain equaling 3 or greater on the 

VAS scale ranging from 0 (no pain at all) to 10 (the worst pain imaginable). This 

threshold was chosen as the cut-off as it is consistently used as the cut score for 

unacceptable pain in both chronic and acute pain studies. In 2009 Tashjian et. al. 

reported 3 as the patient acceptable symptomatic state (PASS) in patients with chronic 

rotator cuff disease46, and this was validated when in 2017 Myles et. al determined 3.3 

as the PASS score for acute postoperative pain.100 

In this dissertation study hip pain will be measured at rest and during activity. 

These constructs, rest and activity, though both measuring one’s level of pain are 

intrinsically different as pain at rest is a stimulus-independent construct relying heavily 

on central mediation, while pain during activity is stimulus-dependent relying on 
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peripheral nociception and tissue damage.116 A 2011 systematic review examining 

postsurgical quantification of movement-evoked pain and pain at rest found that over 

50% of studies did not identify their pain outcome as it related to activity or rest.116 The 

distinction between pain during activity and pain at rest is important because 

interventions aimed at reducing pain must target the appropriate pathway to be 

successful.  

2.6 FEAR AVOIDANCE MODEL  

The Fear Avoidance Model (FAM) of chronic pain provides a visual description of 

how psychosocial variables direct rehabilitation outcomes in response to a painful 

experience. It can be inferred from this model updated to include self-efficacy (Figure 

2.1) that one of the first, and most important steps for patients is integrally linked with 

how they frame and react to painful experiences. The FAM is a widely accepted 

biopsychosocial model being used with increasing frequency. It’s primary purpose is to 

help clinicians conceptualize the process by which patients transition from a 

musculoskeletal injury to a chronic pain condition.28 The FAM suggests that the way in 

which an individual views their pain will dictate the trajectory of their recovery.28 When 

pain is viewed as a threat, maladaptive psychosocial behaviors increase leading the 

patient down a path of depression, disability, and worse pain instead of the path to 

successful recovery.  

2.7 PAIN CATASTROHIZING 

Pain Catastrophizing Scale  

Catastrophizing is characterized by a patient’s inability to stop thinking about 

their pain, a fear something serious may happen to increase their pain, and a belief there 

is nothing they can do to resolve their pain.29 These beliefs are measured with the pain 

catastrophizing scale (PCS). The PCS was developed by Dr. Sullivan in 1995 and is a 

13-item patient reported outcome tool that has been demonstrated to be reliable and 
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have good construct validity in a wide variety of populations.29 To complete the PCS 

patients rate each statement on a scale from 0 (not at all) to 4 (all the time). The pain 

catastrophizing scale can be analyzed as a total raw score or it can be broken into its 

three dimensions: rumination (sum of items 8-11), magnification (sum of items 6, 7, and 

13), and helplessness (sum of items 1-5 and 12). The overall PCS results in a score 

from 0 (best) to 52 (worst). A cut-off score of 19 has been used in the literature because 

it is the 50th percentile in patients with chronic pain.29 It will be used as the cut-off score 

to determine the presence of pathologic catastrophizing in this series of dissertation 

studies. Test-retest reliability and internal consistency (Cronbach’s ) can be found in 

Table 2.4. The PCS has good construct validity when compared to the perception of pain 

severity (r=.51) and the perception of pain interference (r=.57).117 

Pain catastrophizing beliefs and orthopedic outcomes 

As a result of progressing toward a biopsychosocial model, psychosocial 

variables and their impact on patient outcomes has become of increasing interest in the 

orthopedic literature. One such variable, pain catastrophizing, has been associated with 

a more intense pain experience, more severe depression and anxiety, and a greater risk 

for developing chronic pain.118-120 Pain catastrophizing is a set of beliefs that are adopted 

in response to actual or anticipated pain. Pain catastrophizing beliefs can be broken into 

three individual constructs: ruminating on painful experiences, feeling helpless in 

overcoming painful situations, and magnifying the circumstances surrounding pain or 

injury.29 Pain catastrophizing beliefs form in response to an over- or misinterpretation of 

nociception,121 and in terms of rehabilitation, catastrophic thinking directly impacts how 

patients functionally respond to pain.34,122 It has also recently been demonstrated that 

pain catastrophizing indirectly mediates a patient’s pain intensity and pain interference 

meaning that higher levels of catastrophic thinking limit a patient’s ability to engage in 

their activities of daily living and rehabilitation.40 Due to the chronicity of FAI it has been 
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hypothesized as part of this dissertation that catastrophizing behaviors may be 

exacerbated in this population.   

Currently, there is only one study that reports PCS scores in patients with FAI. In 

a randomized control trial examining the effects of surgical intervention to conservative 

treatment, military members scored a mean 23.7±11.8.41 Of note is that this mean PCS 

score is above the previously discussed threshold for clinically relevant pain 

catastrophizing (23.7 vs. 19). Following the FAM, pain catastrophizing beliefs play a 

pivotal role in a patients’ recovery trajectory (Image 1). If clinicians can successfully 

intervene to minimize exaggerated responses to pain, the impending cascade of events 

including fear avoidance behaviors and further disability may be prevented.    

2.8 SELF-EFFICACY 

Pain self-efficacy and orthopedic outcomes 

Self-efficacy is a situation and task-specific construct that gauges how confident 

a person is in achieving tasks despite their current circumstances, in this case pain. 

Literature suggests that pain self-efficacy mediates the relationship between depressive 

symptoms and pain123 suggesting that interventions targeted at improving a patient’s 

self-efficacy may improve pain outcomes. Low self-efficacy has been associated with 

higher pain levels124 and increased avoidance behaviors125 perpetuating the chronic pain 

cycle described visually in the FAM (image 2.1).  Self-efficacy has never been measured 

in patients with FAI; however, since global measures of mental health have been shown 

to drive pre- and postoperative pain in this population,22,23,26,27 self-efficacy warrants 

examination. 

Pain Self-Efficacy Questionnaire  

There are a variety of scales available to measure self-efficacy.126 Though this 

makes comparison between studies challenging the situation and task-specific nature of 

self-efficacy warrants a variety of measurement tools. As pain is the primary outcome 
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measure in this series of studies the Pain Self-Efficacy Questionnaire (PSEQ) will be 

utilized. Test-retest reliability and internal consistency (Cronbach’s ) can be found in 

Table 2.4. The PSEQ has good construct validity when compared with pain related 

disability and pain intensity (r=.51-.6).127  

2.9 KINESIOPHOBIA 

Kinesiophobia and orthopedic outcomes 

Staying consistent with the FAM, patients that have overexaggerated, 

misinterpreted responses to pain (i.e. catastrophizing) are more likely to become fearful 

of pain.119 Fear of pain further dictates the recovery trajectory by increasing 

hypervigilance and avoidance behaviors thus limiting successful engagement in 

rehabilitation and perpetuating disuse. Literature supports this theoretical relationship. 

High levels of kinesiophobia have demonstrated a relationship with increased pain and 

disability in patients with chronic low back pain.128-130 Additionally, kinesiophobia has 

been identified as a factor influencing decreased functional outcomes one year following 

total knee arthroplasty (TKA).131 A 2018 article by Chmielewski et. al. demonstrated the 

relationship between elevated kinesiophobia and reduced quality of life for patients with 

musculoskeletal pain at their initial physical therapy visit.132 Kinesiophobia has never 

been examined in patients with symptomatic FAI; however, given the relationships 

between elevated kinesiophobia and poor outcomes (increased pain, decreased 

function, and decreased quality of life) this variable warrants consideration. 

Kinesiophobia may be relevant to hip arthroscopy outcomes. 

Tampa Scale for Kinesiophobia  

The Tampa Scale for Kinesiophobia (TSK) is a 17-item patient reported outcome 

that measures patients fear of movement. Patients grade each item on a 4-point scale 

where 1 corresponds with strongly disagree and 4 corresponds to strongly agree. The 

total score ranges from 17-68 with higher scores indicating greater fear. Test-retest 
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reliability and internal consistency (Cronbach’s ) can be found in Table 2.4. The TSK 

has good construct validity when compared to the PCS (r=.51), and the two subscales of 

the Fear Avoidance Beliefs Questionnaire (FABQ) (r=.35-.53).133 

2.10 ABNORMAL PAIN PROCESSING 

In most simplistic terms, sensitization is characterized by a hypersensitive 

response to a persistent noxious stimulus. As previously mentioned, tissue damage and 

pain responses are not highly correlated. Sensitization (i.e. over-sensitivity, a decreased 

inhibition, or increased synaptic activity) can occur at the nociceptive level via increased 

membrane excitability, at the dorsal root ganglion via increased synaptic efficacy, and/or 

in the thalamus via decreased inhibition.134 Though tissue injury may be responsible for 

pain at the onset, persistent pain can lead to neuronal plasticity and thereby, abnormal 

pain hypersensitivity.135 

Sensitization of pain is multifactorial but is driven at its core by hyperactive 

afferent nociception from local tissues.136 In response, neuroplastic changes such as an 

increase in the pain receptive field, decreased synaptic thresholds137, overlapping of 

cortical mapping138, and increased membrane excitability137 occur at the dorsal root 

ganglion and thalamus perpetuating this hyper-excitability. Pain pressure thresholds 

(PPTs) are one method of quantitative sensory testing (QST) used to assess local and 

widespread mechanical pain sensitivity.  

 Pain pressure thresholds 

PPTs can be measured via a handheld pressure algometer. PPTs have never 

been measured in patients with FAI; however, based on the hip osteoarthritis literature 

PPTs should be measured at the ipsilateral gluteus medius (3 cm proximal to the greater 

trochanter) and the contralateral forearm.139,140 The gluteus medius has been 

demonstrated to be the most sensitive location for intraarticular hip pathologies. A small, 

1-cm2 rubber device is pressed into the identified area at a slow, constant rate 
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(~40kPa/s). It is important to apply pressure directly to the skin keeping the measuring 

device perpendicular to the testing site so that the pressure is evenly distributed. The 

patient is instructed to signal by clicking a button when they feel a transition from a 

sensation of pressure to a sensation of pain. A maximum pressure of ~1,000 kPa is 

recommended to avoid capillary damage and subsequent tissue bruising. Two to three 

trials are conducted in each identified location with a 60 second break between trials. 

The average of each site is recorded.  

Testing on both the ipsilateral side and superiorly on contralateral side is 

important. The contralateral side is tested to bypass the dorsal root ganglion associated 

with the location of pain. If both testing sites have decreased PPTs this would indicate 

centralization at the neurologic levels superior to the dorsal root ganglion. If only the 

ipsilateral location has a decreased PPT this would indicate only nociceptive level 

changes to the local tissue. Some normative values are available in the literature for 

specific conditions such as patients undergoing total hip arthroplasty and chronic low 

back pain.  

Often PPTs are measured at baseline or initial presentation and then again after 

a given intervention (i.e. surgery, rehabilitation, etc.). Change scores are then calculated 

to track and analyze PPTs due to the intrinsic variability in these scores. An important 

consideration when testing PPTs is the Hawthorne Effect. The Hawthorne Effect is a risk 

to external validity and occurs when patients try to attain a particular score on a test141. 

During PPT testing patients often attempt to see how much pain they can withstand, 

when the goal of the test is to measure when the pain sensation first occurs. 

Communication with patients prior to administering the test is critically important in 

limiting this effect. Other potential limitations using PPTs are location selection as some 

injury sites are deep and/or difficult to access, and wide between and within subject 

variability.   
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Healthy patients demonstrate significantly greater PPTs when compared to 

patients with chronic pain injuries indicating the development of a hypersensitivity to 

mechanical stimuli.142-144 Additionally, consequences of pain sensitivity have been 

studied in patients with end-stage hip osteoarthritis (OA) undergoing total hip 

arthroplasty (THA), a similar though much more severe disease process than FAI. Such 

consequences have been found to include increased post-operative opioid use145 and 

increased pain intensity146.  

2.11 SUMMARY  

When describing and considering the constructs of psychosocial behaviors and 

pain sensitization it can be helpful to consider sensitization as a hardware issue, and 

pain catastrophizing, low self-efficacy, and/or kinesiophobia as software issues. Both 

can occur independently, but they may also present in combination as they are not 

mutually exclusive. As previously described, these constructs are most prominent in 

patients with persistent pain conditions. As the average duration of symptoms in patients 

with symptomatic FAI is upwards of two years12,16 it can be reasoned that these 

variables may be impacting postoperative outcomes following hip arthroscopy. To date 

no studies have examined the effect of pain sensitization or psychosocial variables on 

pre- or postoperative pain in patients with symptomatic FAI. Due to feasibility in this 

series of studies we will largely focus on the software issues of abnormal pain behaviors 

as they relate to pain in patients with symptomatic FAI; however, studies are necessary 

to examine the effect and prevalence of pain sensitization in this patient population. Pain 

catastrophizing, low self-efficacy, and kinesiophobia can be modified with appropriate 

identification and intervention. Therefore, the overarching purpose of this dissertation is 

to determine the effect of psychosocial variables on pre- and post-operative pain in 

patients with symptomatic FAI undergoing hip arthroscopy.   
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Table 2.1. Normal hip range of motion (ROM) including end feels, minimally clinically 
important differences (MCID), and standard error of measurements (SEM) 

  

Motion ROM End feel MCID SEM 

Flexion 12051 -130 Firm/Soft 5.5° 3.555  - 3.94147  

Extension  1051 -30 Firm 1.9° 4.555 

Abduction 4551  Firm 4.4° 2.36147 - 3.255 

Adduction  10-2551  Firm 2.5° 2.36147 

Internal rotation  1551-40 Firm 5° 2.24147 - 3.455  

External 
rotation  

3551 -40 Firm 4.7° 2.53147 - 3.155  
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Table 2.2.  Hip muscles grouped by primary and secondary actions68 

  

Primary Flexors   Secondary Flexors  

Rectus femoris Adductor brevis 

Iliopsoas Gracilis 

Sartorius Gluteus minimus (anterior fibers)  

Tensor fasciae latae  

Adductor longus  

Pectineus   

Primary Extensors   Secondary Extensors  

Gluteus maximus Gluteus medius (middle and posterior fibers) 

Biceps femoris (long head) Adductor magnus (anterior head)  

Semitendinosus  

Semimembranosus  

Adductor magnus (posterior head)  

Primary External Rotators  Secondary External Rotators  

Gluteus maximus Gluteus medius (posterior fibers) 

Piriformis Gluteus minimus (posterior fibers)  

Obturator internus Obturator externus  

Gemellus superior  Sartorius  

Gemellus inferior Biceps femoris (long head)  

Quadratus femoris   

Primary Internal Rotators Secondary Internal Rotators 

 Gluteus minimus (anterior fibers) 

 Gluteus medius (anterior fibers)  

 Tensor fasciae latae 

 Adductor longus 

 Adductor brevis  

 Pectineus 

 Adductor magnus (posterior head)  

Primary Abductors  Secondary Abductors  

Gluteus medius  Piriformis  

Gluteus minimus Sartorius 

Tensor fasciae latae Rectus femoris  

Primary Adductors  Secondary Adductors 

Pectineus Biceps femoris (long head)  

Adductor longus Gluteus maximus (posterior fibers) 

Gracilis Quadratus femoris 

Adductor brevis Obturator externus  

Adductor magnus   
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Table 2.3. Test-retest reliability, standard error of measurement (SEM), minimal 
detectable change (MDC), minimal important change (MIC), and Patient Acceptable 
Symptomatic State (PASS) for five common hip patient reported outcomes (PROs)1,2 

   

Patient Reported 
Outcome Measure 

Test-Retest Reliability 
ICC (95% CI) 

SEM MCD MIC PASS 

HAGOS      

     Pain 0.94 (0.89-0.97) 4 12 6 - 

     Symptoms 0.97 (0.94-0.98) 3 8 10 - 

     ADL 0.93 (0.88-0.96) 5 14 9 - 

     Sport and recreation 0.95 (0.90-0.97) 5 15 9 - 

     Physical activity 0.96 (0.93-0.98) 6 18 1 - 

     Quality of life 0.92 (0.85-0.96) 7 19 9 - 

HOOS      

     Pain 0.96 (0.93-0.98) 3 10 9 - 

     Symptoms 0.93 (0.88-0.96) 5 14 9 - 

     ADL 0.96 (0.92-0.98) 3 9 6 - 

     Sport and recreation 0.93 (0.91-0.97) 6 17 10 - 

     Quality of life 0.95 (0.84-0.97) 5 15 11 - 

HOS      

     ADL 0.95 (0.92-0.97) 3 9 5 87 

     Sport-specific 0.96 (0.92-0.98) 4 13 6 75 

iHOT-33 0.93 (0.87-0.96) 6 16 10 - 

mHHS 0.91 (0.84-0.95) 4 12 8 74 
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Table 2.4. Test-retest reliability and internal consistency (Cronbach’s ) for the three 

psychosocial patient reported outcome measures (PSC, PSEQ, and TSK) used in these 
dissertation studies. 

  

Patient Reported 
Outcome Measure 

Test-retest 
reliability 

Internal consistency 

(Cronbach’s ) 

Pain Catastrophizing 
Scale (PCS) 

0.7529 0.78-0.9529,117 

Pain Self-Efficacy 
Questionnaire (PSEQ) 

0.7348 0.92-0.94125,127,148 

Tampa Scale for 
Kinesiophobia (TSK) 

0.80149 0.71-0.831,148 
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Figure 2.1. Revised fear-avoidance model (FAM) to include all three psychosocial 
variables included in this dissertation study: pain catastrophizing, self-efficacy, and 
kinesiophobia/fear of movement.3 Used with permission, John Wiley and Sons – license 
#4440880674167 
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Image 2.1. Healthy (left) and CAM lesion (right) measured with an alpha angle. Alpha 
angles measure the femoral head-neck offset, or sphericity of the femoral head. 
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Image 2.2. Healthy (left) and pincer lesion (right) measured with a lateral center edge 
angle (LCEA). The LCEA is a measure of acetabular coverage on the femoral head. 
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CHAPTER 3: MENTAL HEALTH DISORDERS IN HIP ARTHROSCOPY: A 

COMPARISON OF PREOPERATIVE FACTORS  

Introduction 

Femoral acetabular impingement (FAI) is a non-arthritic hip condition being 

treated with increasing frequency.13,150 Patients for whom conservative treatment was 

ineffective may elect to undergo hip arthroscopy. Hip arthroscopy procedures have seen 

an eighteen-fold increase from 1999 to 2009.13 Outcomes following hip arthroscopy are 

generally good with most patients seeing improvements in pain and function; however, a 

subset of patients fail to meet patient acceptable symptom scores (PASS)17, return to 

their previous level of activity151, or are dissatisfied with their surgery.14  

Depressive symptoms and more global mental health have been suggested to 

impact the outcomes following hip arthroscopy.26,27 Preoperatively, Veteran’s Rand-12 

(VR-12) mental component score (MCS) has repeatedly demonstrated a stronger 

relationship with preoperative pain than other traditional orthopaedic parameters such as 

cartilage damage or the size of the labral tear.22,23 Patients with depressive symptoms or 

self-reported mental disorders have not only demonstrated significantly worse 

preoperative pain and function but also have significantly worse postoperative outcomes 

after hip arthroscopy.26,27  

These findings establish that patients with self-reported mental disorders or 

depressive symptoms have worse pain and function both prior to and following surgery. 

The reasoning behind this discrepancy is still largely unknown. The average time 

between the onset of FAI symptoms and undergoing surgical correction has been 

reported to range from 15 to 28 months.16,41,152,153 Due to the protracted time to definitive 

treatment, it is unclear if mental health disorders could be adaptions to chronic pain 

and/or more severe joint deformity. On the contrary, instead of a comorbid mental health 

disorder being a symptom of chronic FAI pain, mental health disorders may play a 
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mechanistic role in the more severe FAI pain since mental health disorders have been 

associated with increased pain sensitivity and lower pain pressure thresholds.154 To 

address this question, the purposes of this study were to 1) identify the pre-operative 

prevalence of mental health disorders, and 2) compare patient factors including duration 

of symptoms, disease severity, and self-reported pain and function between patients 

with FAI undergoing hip arthroscopy with and without mental health disorders. We 

hypothesized that consistent with previous osteoarthritis155 and total hip arthroplasty156 

literature, mental health disorders would be present in approximately 20% of patients 

undergoing hip arthroscopy, and that those patients with mental health disorders would 

present with a longer duration of symptoms (DOS) and worse self-reported pain and 

function. 

Methods 

Following IRB approval, we identified 127 consecutive patients (94F, 33M; age = 

35.2 ± 12.1 years, BMI = 26.8 ± 5.6 kg/m2) in our prospective outcomes registry that 

were scheduled for primary hip arthroscopy by a single fellowship trained hip 

preservation surgeon. To be included in this analysis patients must have had completed 

pre-operative data and must have been undergoing primary hip arthroscopy for FAI 

(femoral osteochondroplasty) and/or a labral repair or debridement for a symptomatic 

labral tear. Surgical indications include symptomatic FAI with a labral tear, cam deformity 

(alpha angle > 50°), and/or pincer lesion (lateral center edge angle (LCEA) > 40°), and 

failed conservative treatment consisting of physical therapy, oral non-steroidal anti-

inflammatories (NSAIDs), and an intra-articular corticosteroid injection. Patients with 

preoperative diagnoses of Legg Calve Perthes, slipped capital femoral epiphysis, 

acetabular dysplasia, or greater trochanteric pain syndrome were excluded. Further, 

patients undergoing hip arthroscopy for avascular necrosis, trochanteric bursectomy, 

iliotibial band lengthening, or isolated gluteus medius repair, or patients having an open 
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procedure were excluded to create a homogenous population of pre-arthritic hip 

preservation patients.  

The magnitude of FAI bony deformity was assessed using a measure of cam 

deformity (alpha angle) and a measure of pincer deformity (LCEA).157 Alpha angle and 

LCEA were measured on standardized preoperative frog leg lateral, Dunn lateral, and 

anteroposterior (AP) pelvis radiographs.158 These measures were made using 

McKesson computer-assisted radiographic measurement software. Patients completed a 

preoperative survey that included duration of symptoms categorized as ≤ 6 months or > 

6 months. A threshold of 6 months was used to categorize duration of symptoms as it 

has been suggested as a clinically relevant transition from acute to chronic pain.159 The 

presence of mental health disorders were recorded based on the following criteria: 

medical diagnosis of depression, anxiety, or bipolar disorder within the patient’s 

electronic medical record or the presence of a prescription for a selective serotonin 

reuptake inhibitor (SSRI) or serotonin and norepinephrine reuptake inhibitor (SNRI) in 

the year of hip arthroscopy. Patients also completed the Hip disability and Osteoarthritis 

Outcomes Score (HOOS), and the 5 HOOS subscales (Pain, Symptoms, Activities of 

Daily Living (ADL), Quality of Life (QOL), and Sports)160 and HOOSglobal were 

calculated.161 

To compare the pre-operative clinical presentation of patients with and without 

mental health disorders, Fisher’s exact or chi-square tests were used to compare 

categorical variables, and following Shapiro-Willks tests for normality, continuous 

variables were compared between the groups using Mann-Whitney U nonparametric 

tests. All analyses were performed using SPSS Statistics 24 (IBM, Armonk, NY), and the 

alpha level was set at p < 0.05 a priori.  A post hoc power analysis determined that this 

study was fully powered. A sample size of 116 was necessary to identify a difference 

between groups with an allocation ratio of .36 (85 patients without mental health 
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disorders and 31 patients with mental health disorders) with a moderate effect (Cohen’s 

d = 0.5).  

Results 

Overall, 36.2% (46/127) of patients with FAI presented preoperatively with a 

mental health disorder. Patients with mental health disorders were significantly older 

than those without a mental health disorder (Table 1); however, age was not significantly 

correlated with any HOOS scales (r=< 0.3). Pre-operative measures of FAI deformity did 

not differ between patient groups (alpha angle frog leg lateral view p=0.47; alpha angle 

Dunn view p=0.9, LCEA p=0.17; Table 1). The prevalence of patients with symptoms >6 

months did not differ between those with or without mental health disorders (p=.13). 

Patients with mental health disorders had significantly lower scores on the HOOS 

activities of daily living (ADL) scale (49.2 ± 18.6, 56.1 ± 24.4, p=0.05), HOOS quality of 

life (QOL) scale (20.9 ± 18.5, 31.1 ± 19.4, p=0.03), and HOOS sport scale (25.7 ± 17.6, 

34 ± 21.2, p=0.03); however, preoperative HOOS Pain, Symptom, and HOOSglobal scores 

did not differ between groups (Table 2).  

Discussion 

 The purposes of this study were to identify the prevalence of mental health 

disorders in patients undergoing hip arthroscopy and to compare the pre-operative 

clinical presentation of patients with and without mental health disorders. We 

hypothesized that approximately 20% of patients undergoing hip arthroscopy would have 

mental health disorders and that patients with mental health disorders would have a 

longer duration of symptoms and worse preoperative self-reported pain and function. 

The prevalence of mental health disorders (36.2%) in this cohort of patients undergoing 

hip arthroscopy well exceeded our original hypothesis, nearly tripling the previously 

reported 13% of patients with FAI displaying moderate to severe depressive symptoms 
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on the BDI-II,27 and nearly doubles the previously reported prevalence in patients 

undergoing total hip arthroplasty (20%).156  

Contrary to our hypothesis, the duration of symptoms did not differ between 

patients with or without comorbid mental health disorders. Similarly, the severity of bony 

deformity did not differ between groups. Though duration of symptoms is a concern for 

patients with FAI, as the average time to treatment is upwards of 28 months16, these 

findings may suggest that the clinical implications of a longer duration of symptoms may 

be found in patient satisfaction or post-operative outcomes. This concept has been 

demonstrated by Dierckman et. al who found a negative relationship between a longer 

duration of symptoms and patient reported pain and function 2 years post-hip 

arthroscopy.21 Findings from the current study are limited in that it is not possible to 

tease apart which came first, the mental health disorder or symptomatic FAI.    

While the duration of symptoms and magnitude of deformity did not differ 

between groups, patients with medically diagnosed or pharmacologically treated mental 

health disorders had significantly worse self-reported function and quality of life pre-

operatively (HOOS ADL 49.2 ± 18.6 vs. 56.1 ± 24.4 Cohen’s d=0.32, HOOS QOL scale 

20.9 ± 18.5 vs. 31.1 ± 19.4 Cohen’s d=0.54, and HOOS sport scale 25.7 ± 17.6 vs. 34 ± 

21.2 Cohen’s d=0.43). Though patient acceptable symptom state (PASS) scores for the 

HOOS subscales in patients undergoing hip arthroscopy are not yet established, minimal 

important change (MIC) scores are available.1 The MIC is a quantification of the smallest 

amount of change in a patient reported outcome score that will be meaningful to the 

patient.162 Function and quality of life outcomes for patients without mental health 

disorders are near or greater than the MIC above that of patients with mental health 

disorders (ADL group difference = 6.9, MIC = 6; QOL group difference = 10.2, MIC = 11; 

Sport group difference = 8.3, MIC = 10).1 As the entire cohort of patients were seeking 

surgical treatment for their painful hip, a difference in preoperative pain was not 
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detected. Instead, how patients function in their day-to-day life despite the pain is 

reflected in the differences in activity and quality of life scores.     

 Functional outcomes following orthopaedic interventions are heavily influenced 

by a patient’s ability to cope with and move through pain. Previous studies on 

psychosocial constructs such as pain catastrophizing (a fearful over-exaggeration of 

painful experiences) and self-efficacy (one’s belief in their ability to move through a 

painful experience) have demonstrated that patients displaying frequent catastrophizing 

behaviors38,40,163 and low self-efficacy164,165 do worse in terms of decreased function and 

increased pain. Both catastrophizing behaviors166,167 and low self-efficacy168,169 are 

related to mental health disorders. In fact, some research suggests a compounding 

effect of these variables as they relate to pain intensity.170 Therefore, as duration of 

symptoms and joint damage severity did not differ in the current study it is reasonable to 

suspect these psychosocial behaviors may be driving worse outcomes in FAI patients 

with comorbid mental health disorders. Future studies should focus on determining the 

effect of pain catastrophizing and self-efficacy on outcomes in patients with FAI, 

specifically those with mental health disorders.   

 In addition, future research is necessary to better understand the alarmingly high 

prevalence of comorbid mental health disorders in FAI patients when compared to other 

orthopaedic populations.  Much like what has been demonstrated with increased 

humeral retroversion in baseball pitchers,171,172 participation in contact sports or those 

that place greater demands on the hip such as football,173 soccer,174 or hockey175 has 

been associated with an increased prevalence of FAI. While sports participation appears 

to increase the prevalence of so-called “acquired FAI”, the etiology of FAI may involve 

genetic factors as well.176 Furthermore, there may be genetic factors that contribute to 

the high prevalence of mental health disorders in the FAI patient population. The single 

nucleotide polymorphism (SNP) iodothyronine deiodinase 2 (DIO2) is directly involved 
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with thyroid hormone synthesis by converting intracellular inactive thyroid hormone (T4) 

to active thyroid hormone (T3). T3 is important for long bone formation as T3 inhibits 

chondrocyte proliferation in the growth plate and promotes chondrocyte differentiation, 

bone matrix synthesis and endochondral ossification.177,178 On the contrary, 

hypothyroidism has been associated with early-onset osteoarthritis with hypertrophic 

chondrocytes, and DIO2 has been linked to hip morphology at greater risk of hip 

osteoarthritis.178,179 Similarly, hypothyroidism is relatively common amongst patients with 

major depressive disorder,180 and patients with recurrent depressive disorder have 

demonstrated significantly lower expression of DIO2.181,182 Future studies are necessary 

to establish this potential shared genetic mechanism for non-acquired FAI and comorbid 

depression, as well as to determine if DIO2 offers a therapeutic target.  

 This study is not without limitations. Information on orthopaedic in-take 

paperwork, specifically regarding mental health, is often inconsistent due to the stigma 

surrounding these diagnoses.183 As such is plausible that this study is under-reporting 

the true prevalence of mental health disorders. SSRIs and SNRIs can be prescribed for 

indications other than mental health disorders including obsessive compulsive disorder, 

fibromyalgia, and neuropathic pain. Additionally, we used radiographic measures of 

impingement deformity (LCEA and alpha angles), which have previously demonstrated 

limited reliability.88 As there was no a priori power analysis conducted as part of this 

retrospective review of prospectively collected data, we were unable to thoroughly asses 

specific mechanisms underlying the worse preoperative function reported by patients 

with mental health disorders. Future studies are necessary to examine this relationship 

in the context of psychosocial PROs and motion analyses so that appropriate, targeted 

interventions may be identified for this high-risk group. Lastly, this was a single surgeon 

study which may predispose to selection bias.  

Conclusions 



 
58 

 In conclusion, greater than one-in-three patients undergoing hip arthroscopy 

presented with a mental health disorder–nearly double the rate previously reported for 

patients with hip osteoarthritis. This high prevalence does not appear to be a direct 

response to chronic pain as symptom duration was not increased for those with mental 

health disorders. As previous orthopaedic research has demonstrated a strong 

relationship between mental health disorders and negative psychosocial constructs such 

as frequent catastrophizing and low self-efficacy, future studies should focus on the 

effect of these on pre-and post-operative outcomes in patients with FAI. This subset of 

patients with comorbid FAI and mental health disorders may require additional services 

such a mental health specialist referral network.  
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Table 3.1. Comparison of preoperative clinical factors (mean ± SD, or number of 
patients) between patients with and without mental health disorders undergoing hip 
arthroscopy. 

*statistically significant (p≤0.05) 
  

Variable 
No mental health 

disorder 
 Mental health 

disorder 
p 

N 81  46 - 

Age (years) 33.7 ± 12.5  37.9 ± 11 .03* 

Sex (M/F) 24/57 (70.4% F)  9/37 (80.4% F) .29 

BMI (kg/m2) 26.8 ± 5.8  26.9 ± 5.5 .83 

Symptom duration >6 months 58 (71.6%)  39 (84.8%) .13 

LCEA 31.1° ± 6.6°  30.2° ± 7.6° .17 

Alpha angle (Frog) 62.2° ± 10.8°  64.4° ± 10.8° .47 

Alpha angle (Dunn) 66.6° ± 10.4°  66.7° ± 8.8° .90 
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Table 3.2. Comparison of preoperative self-reported pain and function (mean ± SD) 
between patients with and without mental health disorders undergoing hip arthroscopy. 

*statistically significant (p≤0.05) 
 

  

Variable 
No mental health 

disorder 
 Mental health 

disorder 
p 

N 81  46 - 

HOOS Symptoms 45.2 ± 19.4  41.3 ± 18.5 .16 

HOOS Pain 47.7 ± 20.9  42.6 ± 19.8 .08 

HOOS ADL 56.1 ± 24.4  49.2 ± 18.6 .05* 

HOOS QOL 31.1 ± 19.4  20.9 ± 18.5 .002* 

HOOS Sport 34.0 ± 21.2  25.7 ± 17.6 .03* 

HOOSglobal 44.1 ± 15.9  42.3 ± 12.8 .16 
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CHAPTER 4: LOW SELF-EFFICACY IS PREDICTIVE OF WORSE PREOPERATIVE 

PAIN IN PATIENTS WITH FEMORAL ACETABULAR IMPINGEMENT 

Introduction 

Psychosocial constructs pain catastrophizing163,184,185, self-efficacy164,186, and 

kinesiophobia45,132 are important determinants of recovery following orthopedic 

interventions. Following the Fear Avoidance Model (FAM) of chronic pain, these beliefs 

directly impact the trajectory of postoperative recovery.3 In accordance with their 

individual coping abilities and cognitive status patients contextualize pain as threat to 

fear or a barrier to overcome. This distinction dictates whether the outcome will be 

disuse and disability or successful recovery.  

In fitting with the FAM of chronic pain, the average duration of symptoms in 

treatment-seeking patients with symptomatic femoral acetabular impingement (FAI) is 

upwards up two years.16 Once patients with FAI, a bony incongruence between the 

femoral head and acetabulum, have failed conservative treatment they progress to hip 

arthroscopy. Hip arthroscopy definitively treats FAI by eliminating the bony impingement 

while also addressing injuries to soft tissues. The majority of patients report improved 

pain and function4; however, there are a subset of patients with persistent pain and 

functional deficits.17 Given the chronicity of FAI symptoms prior to hip arthroscopy the 

FAM is an appropriate framework from which to analyze postoperative outcomes. 

Pain catastrophizing is a set of behaviors including ruminating on painful 

experiences, feeling helpless in overcoming painful situations, and magnifying the 

circumstances surrounding pain or injury.29 Catastrophizing behaviors have been 

identified as an important mediator between a patient’s reported pain intensity and 

function34,187.  Additionally, more frequent catastrophizing is related to worse outcomes 

such as increased disability, persistent pain, psychological inflexibility34, increased opioid 

use38. To date the Pain Catastrophizing Scale (PCS) score has only been reported on 
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once in FAI patients. Higher PCS scores indicate more frequent catastrophizing 

behaviors, and the mean PCS score in a series of military patients undergoing hip 

arthroscopy was 23.7 ± 11.841 which is well above values in both healthy individuals 

(14.5 ± 9.3),188 and patients with acute anterior cruciate ligament (ACL) injuries (11.6 ± 

10.8)30. 

Pain self-efficacy is a task- and situation-specific psychosocial construct that 

gauges a person’s confidence in completing tasks despite their current pain.48 Self-

efficacy is an important determinant of long-term success following total hip 

arthroplasty,43 and is a mediator in the relationship between changes in pain and 

disability in patients with chronic low back pain.42 Fear of movement, or kinesiophobia, 

predicts early functional outcomes and pain levels in patients following total knee 

arthroplasty,45 and greater fear is associated with not returning to pre-injury levels of 

activity in patients that underwent anterior cruciate ligament reconstruction.189 To date, 

neither self-efficacy nor kinesiophobia have been examined in patients with symptomatic 

FAI.  

Recently, self-efficacy, kinesiophobia, and pain catastrophizing measured 4-

weeks post-ACL-reconstruction were associated with increased pain and decreased 

function at the 12-week follow-up.190 As evidence linking psychosocial constructs and 

pain severity in orthopedic patients is increasing, understanding the impact of these 

factors on pain in patients with FAI is warranted. Low self-efficacy, frequent 

kinesiophobia, and pain catastrophizing are modifiable with appropriate identification and 

intervention.191,192 The first step in developing appropriate interventions is to determine 

the individual or combined roles of self-efficacy, kinesiophobia, and pain catastrophizing 

on FAI pain. Therefore, the purposes of this study were to 1) compare these variables 

between patients with FAI with and without mental health disorders, and 2) determine if 

these variables were predictive of pre-operative pain. The authors hypothesized that pre-
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operative pain would be predicted by low pain self-efficacy and high kinesiophobia and 

pain catastrophizing. More specifically, we expected pain catastrophizing to be the 

primary predictor of pre-operative pain. Further we hypothesized that these behaviors 

would be more severe in patients with mental health disorders. 

Methods 

 Following IRB-approval, 64 consecutive patients consented to participate in this 

cross-sectional study. Patients were included if they were diagnosed with symptomatic 

FAI, had closed epiphyseal plates, had failed conservative treatment and were 

scheduled for hip arthroscopy for symptomatic FAI, and read and spoke fluent English. 

After consent demographics, duration of symptoms (months), and the presence of a self-

reported mental health disorder (anxiety, depression, or bipolar disorder) were recorded. 

Next, patients completed the pain self-efficacy questionnaire (PSEQ), Tampa scale for 

kinesiophobia scale (TSK), pain catastrophizing scale (PCS), and a 10-point visual 

analog scale (VAS) for hip pain both during rest and activity.  

The PSEQ asks patients to rate their confidence on a scale from 0 (not at all 

confident) to 6 (completely confident) in completing tasks despite their current pain.48 

Scores range from 0-60 with higher scores representing higher self-efficacy. The PSEQ 

has an internal consistency (Cronbach’s α) of 0.92 and a test re-test reliability of 0.73.48 

Fear of movement, or kinesiophobia, is measured with the TSK which has an internal 

consistency (Cronbach’s α) of 0.76 and a test re-test reliability of 0.82.193 The TSK is a 

17-item scale. Patients read each of the statements and rate them on a scale from 1 

(strongly disagree) to 4 (strongly agree). Higher scores indicate greater fear. Lastly, 

catastrophizing behaviors are measured via the PCS, which consists of 13 statements. 

Patients rated each statement on a scale from 0 (not at all) to 4 (all the time). The total 

PCS score ranges from 0-52, with higher scores demonstrating more frequent or severe 
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catastrophizing behaviors. The PCS has internal consistency (Cronbach’s α) of 0.8729 

and a test re-test reliability of 0.93.194  

Descriptive statistics were reported, and PSEQ, TSK, PCS, and pain were 

compared between patients with and without mental health disorders were compared 

using independent t-tests. Separate multivariate linear regressions with forward variable 

entry were used to determine if any individual variables or combinations of variables 

were predictive of pre-operative pain at rest or pain during activity (SPSS Statistics 

version 24, IBM, Armonk, NY). 

Results 

 The average duration of symptoms was 29.4 months (1-132 months) for the 

series of 64 patients, and patient demographics and pre-operative scores are located in 

Table 4.1. Patients reported an average pain at rest of 4.3 ± 2.3 and an average pain 

during activity of 7.1 ± 2.2 on a 10-point VAS. Patients with self-reported mental health 

disorders had significantly higher scores on the PCS (28.8 ± 14.5, 17.3 ± 11.3, p=0.004, 

Cohen’s d=0.88) and TSK (45.5 ± 6.5, 41.2 ± 6.5, p=0.02, Cohen’s d=0.66), while 

presenting with significantly lower scores on the PSEQ (30.4 ± 12.4, 41.6 ± 13.3, 

p=0.002, Cohen’s d=0.87). Pain at rest did not differ between those with or without self-

reported mental health disorders (4.8 ± 2.4 vs. 4.0 ± 2.3, p=0.22); however, pain with 

activity was greater for those with self-reported mental health disorders (7.9 ± 2.2, 6.7 ± 

2.2, p=0.05, Cohen’s d=0.55) (Table 4.2).  

Multivariate linear regression using forward variable entry was used to identify if 

any of the variables listed in Table 1 were significantly predictive of pre-operative pain at 

rest or during activity. The PSEQ was found to be predictive of pre-operative pain at rest 

(p = <.001, adjusted r2=.21), and the combination of PSEQ and BMI were found to be 

predictive of pre-operative pain during activity (p = <.001, adjusted r2=.29). In both 
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prediction models, lower scores on PSEQ were predictive of worse pain, and higher BMI 

was predictive of worse pain during activity.  

Discussion 
 
 This is the first study to examine the predictive value of psychosocial outcome 

scores on pain intensity in patients with FAI. The author’s hypothesis that lower self-

efficacy and higher kinesiophobia and catastrophizing would be predictive of worse pain 

was partially supported. Instead of pain catastrophizing as predicted, self-efficacy was 

the primary predictor being able to explain 21% of pain at rest and self-efficacy 

combined with BMI were able to explain 29% of pain during activity. Similar to other 

recent reports22 duration of symptoms, sex, and age were not predictive of pre-operative 

pain in the current series of patients with FAI.  

Pain is complex and can rarely be explained entirely by a single variable; 

however, the current study demonstrates the importance of self-efficacy when 

considering pain in patients with symptomatic FAI. Low self-efficacy is related to a 

variety of poor outcomes in both conservative management and post-operative 

rehabilitation of musculoskeletal conditions. These consequences range from increased 

pain and disability42 to reduced function.190 Briet et. al. found that self-efficacy and 

younger age explained 24% of ankle sprain symptoms and limitations.195 The median 

PSEQ score in their study was 46 (IQR 15)195, which compares well to the current study 

with a median PSEQ of 42 (IQR 23). In the current study age was not found to be a 

predictor; however, higher BMI was predictive of worse pain with activity. This 

relationship is not surprising as increased BMI is associated with impaired function in 

patients with chronic pain196, and obesity has been linked to failed hip arthroscopy 

(conversion to a total hip arthroplasty or modified Harris Hip Score of < 70 at 2 years 

post-operation).18 
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The experience of pain depends heavily on how patients perceive both 

themselves and the barriers surrounding them. Specifically, in patients with symptomatic 

FAI how much pain they feel depends on their perception of their ability to complete 

tasks despite their current pain. A patient’s self-efficacy will directly impact the effort they 

put forth during a challenging task.197 As such, the findings of the current study are of 

extreme importance for treating physicians and physical therapists. To date, evidence 

supporting conservative treatment for patients with symptomatic FAI has been 

unimpressive.41,198,199 Taking the current results into consideration, adjunct treatments 

aimed at increasing self-efficacy may improve conservative treatment results. With 

higher self-efficacy, patient’s confidence in their ability to complete rehabilitation tasks 

may increase, facilitating successful treatment.  

Treatments such as progressive relaxation have shown success in improving 

self-efficacy in patients undergoing total knee replacement.192 Additionally, a 2012 

randomized control trial provided support for goal setting as it was found to improve self-

efficacy and rehabilitation adherence in patients with non-specific low back pain.200 

Unfortunately these studies used different measures of self-efficacy, the Self-Efficacy 

Expectation Scale and the Sports Injury Rehabilitation Beliefs Survey, respectively, so 

comparisons between the magnitudes of the problem between populations cannot be 

made. In spite of this shortcoming, these results are promising. To date no treatment 

strategies have been implemented for FAI patients’ low pain self-efficacy.  

A score of 40 on the PSEQ has been suggested to categorize chronic pain 

patients as high (<40) or low risk (≥40).48,201 Notably, when patients with symptomatic 

FAI in this cohort were dichotomized by the presence or absence of a self-reported 

mental health disorder those with a mental health disorder scored well below this 

threshold (30.4 ± 12.4), and patients without a mental health disorder scored above 

(41.6 ± 13.3). The minimal important change (MIC) for the PSEQ is 5.5202. As such the 
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difference observed between groups (Δ11.2) is in fact clinically meaningful. Further, 14 

of 44 (31.8%) patients without mental health disorders scored below this PSEQ 

threshold. This suggests that clinicians cannot solely rely on the presence or absence of 

a mental health disorder as an indication for additional interventions. The interaction 

between depressive symptoms and pain self-efficacy may in fact be of extreme 

importance. A 2015 study by Skidmore et. al identified that in patients with chronic low 

back pain the change in depressive symptoms predicted changes in pain, and this 

relationship was mediated by pain self-efficacy.123 Those patients that were able to 

increase their confidence to perform activities despite their current pain displayed fewer 

depressive symptoms and reported less pain following a four-week rehabilitation 

program.123 

Further, patients with self-reported mental health disorders also scored 

significantly worse on the PCS (28.8 ± 14.5, 17.3 ± 11.3, p=0.004) and TSK (45.5 ± 6.5, 

41.2 ± 6.5, p=0.02). This is consistent with previous work demonstrating the relationship 

between mental health disorders and more frequent catastrophizing166,167, lower self-

efficacy168,169, and more severe fear avoidance behaviors131. Further, and perhaps most 

importantly, the current findings may shed light on why patients with symptomatic FAI 

and concomitant mental health disorders do worse in the course of their hip 

treatments.26,27 Following the fear avoidance model, these patients may view pain as a 

threat and therefore the trajectory of their recovery is unsuccessful. Though pain 

catastrophizing and kinesiophobia were not predictive of pre-operative pain in patients 

with symptomatic FAI, future studies are necessary to examine the effect of these 

variables on post-hip arthroscopy outcomes.   

 This study was not without limitations. First, as with any cross-sectional study 

design we cannot assume cause and effect of maladaptive cognitive coping strategies 

on pain intensity. Future studies should include a control group of healthy age matched 
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patients. A more thorough comparison could include a group of matched patients with 

asymptomatic FAI. The authors are currently performing a longitudinal study to assess 

the effect of pre-operative self-efficacy, kinesiphobia, and catastrophizing on post-

operative outcomes following hip arthroscopy.  

Conclusion 

Low pain self-efficacy was predictive of worse pre-operative pain at rest and 

during activity in patients with symptomatic FAI. Further, patients with self-reported 

mental health disorders had lower pain self-efficacy with more severe or more frequent 

pain catastrophizing and kinesiophobia than FAI patients without mental health 

disorders. As mental health disorders have already been related to poorer post-operative 

outcomes following hip arthroscopy, and low self-efficacy has been linked to poorer 

outcomes in other orthopedic populations, future studies should focus on the 

development of treatment strategies and interventions aimed at improving the likelihood 

of a successful clinical outcome for these high-risk groups. 
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Table 4.1. Patient demographics and descriptive information for variables entered into 
the linear regression. 

Variable N=64 

Age, mean (range) 36.5 (15-59) 

Sex, n (%) 
          Male 
          Female 

 
14 (21.9) 
50 (78.1) 

BMI, mean ± SD 26.7 ± 4.8 

Symptom Duration (months), mean (range) 29.4 (1-132) 

Pre-operative pain at rest, mean ± SD 4.3 ± 2.3 

Pre-operative pain during activity, mean ± SD 7.1 ± 2.2 

PCS, mean ± SD 20.9 ± 13.4 

TSK, mean ± SD 42.5 ± 6.8 

PSEQ, mean ± SD 38.1 ± 14.0 

Self-reported mental health disorder, n (%)  20 (31.3)  

Revision procedure, n (%) 6 (9.4) 
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Table 4.2. Patient demographics and variables compared between patients with and 
without a self-reported mental health disorder.  

Variable 
Mental health 

disorder  
No mental health 

disorder 
p-value 

N 20 44 - 

Age, mean ± SD 37.1 ± 11.7 36.2 ± 12.2 .79 

Sex, n (%) 
          Male 
          Female 

 
2 (10) 
18 (90) 

 
12 (27.3) 
32 (72.7) 

.19 

BMI, mean ± SD 26.9 ± 4.1 26.6 ± 5.1 .80 

Symptom Duration (months), mean ± SD 28.5 ± 29 29.8 ± 31.8 .87 

Pre-operative pain at rest, mean ± SD 4.8 ± 2.4 4.0 ± 2.3 .22 

Pre-operative pain during activity, mean ± SD 7.9 ± 2.2 6.7 ± 2.2 .05* 

PCS, mean ± SD 28.8 ± 14.5 17.3 ± 11.3 .004* 

TSK, mean ± SD 45.5 ± 6.5 41.2 ± 6.5 .02* 

PSEQ, mean ± SD 30.4 ± 12.4 41.6 ± 13.3 .002* 

Revision, n (%) 2 (10) 4 (9.1) >.99 

*Signifies a statistically significant difference between groups at the 0.05 level 
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CHAPTER 5: LOW SELF-EFFICACY AND MENTAL HEALTH DISORDERS PREDICT 

PERSISTENT POSTOPERATIVE PAIN 3 MONTHS FOLLOWING HIP 

ARTHROSCOPY  

Introduction 

Femoral acetabular impingement (FAI) is a common, albeit complex, pre-arthritic 

hip condition resulting in pain82 and functional limitations.74,203 Recent evidence suggests 

that emotional health plays a key role in pre- and post-operative outcomes for patients 

with FAI. The Veteran’s Rand-12 (VR-12) mental component score, a generic measure 

of how emotional health is impacting one’s life, was found to be more related to pre-

operative pain22 and post-operative pain and function23 than measures of joint damage. 

Mental health disorders, including depression, are common in patients with FAI and 

those patients with depressive symptoms have worse pre- and post-operative 

outcomes.26,27   

In addition to mental health disorders, more specific psychosocial constructs 

such as pain self-efficacy, kinesiophobia, and pain catastrophizing are of interest as they 

fall within the fear-avoidance model. The fear-avoidance model is being used with 

increasing frequency to conceptualize the process by which patients transition from a 

musculoskeletal injury to a chronic pain condition.28 As a biopsychosocial model the 

fear-avoidance model suggests that the way in which an individual views their pain will 

dictate the trajectory of their recovery.28 When pain is viewed as a threat, maladaptive 

psychosocial behaviors increase leading the patient down a path of depression, 

disability, and worse pain instead of the path to successful recovery.  

 Pain catastrophizing is characterized by an exaggerated response to actual or 

anticipated pain, and can be broken in three distinct constructs: helplessness, 

magnification, and rumination.29 Pain catastrophizing is associated with more severe34 

and persistent119,120 pain in a variety of orthopedic conditions. Patients that catastrophize 
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about their pain may concomitantly develop low confidence in their ability to complete 

daily tasks, and beliefs that is it unsafe to move their body as a way to avoid or minimize 

painful situations.  

Kinesiophobia, a fear of movement, and low pain related self-efficacy, reduced 

confidence in a patients ability to complete tasks despite their current pain,48 are barriers 

to rehabilitation as they lead to hypervigilance and perpetuate disuse. Both 

kinesiophobia and pain related self-efficacy have been identified as predictors of 

disability and persistent pain.119,164 The relationship between this set of beliefs and 

functional disuse is bidirectional. The beliefs result in reduced movement, and reduced 

movement leads to stiffness and disfunction, which in turn reinforces the original set of 

beliefs. This process is dynamic and maladaptive to successful rehabilitation. Successful 

interventions have been shown to mediate the effects of these beliefs on postoperative 

pain.204 To date no studies have examined pain catastrophizing, self-efficacy, or 

kinesiophobia in relation to postoperative outcomes in patients with FAI undergoing hip 

arthroscopy.      

 Therefore, the purposes of this study were to 1) determine the effect of 

preoperative pain catastrophizing, low self-efficacy, and kinesiophobia on postoperative 

pain, and 2) determine if these variables were predictive of postoperative pain. We 

hypothesized that preoperative pain catastrophizing, low pain related self-efficacy, and 

kinesiophobia would result in worse postoperative pain, and that these variables would 

be predictive of an increased risk of developing persistent postoperative pain three 

months following hip arthroscopy.  

Methods 

 A total of 52 consecutive patients diagnosed with symptomatic FAI and 

scheduled for hip arthroscopy were enrolled in this study. Inclusion criteria included 

closed growth plates and reading and speaking fluent English. Additionally, patients 
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must had attempted and failed conservative treatment. Patients scheduled for both 

primary and first revision surgeries were enrolled. Patients undergoing open hip 

procedures or 2nd revision hip arthroscopy were excluded. Additionally, patients with 

comorbid fibromyalgia or complex regional pain syndrome, and worker’s compensation 

cases were excluded. Patients were not excluded on the basis of sex, age, race, or BMI.  

Preoperatively patients completed the following: demographics, duration of 

symptoms (months), self-reported mood disorder such as depression or anxiety, Pain 

Self-Efficacy Questionnaire (PSEQ), Tampa Scale for Kinesiophobia (TSK), Pain 

Catastrophizing Scale (PCS), and a 10-point visual analog scale (VAS) for hip pain both 

during rest and activity. During the 12 weeks following hip arthroscopy, patients were 

asked to rate their hip pain during rest and activity on a 10-point VAS again.   

All three psychosocial patient reported outcome measures (PSEQ, TSK, and 

PCS) have good test-retest reliability (0.73-0.76)48,193,194 and internal consistency 

(Cronbach’s α) (0.82-0.93)29,48,193. The PSEQ is a 10-item scale where patients rate their 

confidence in completing daily tasks despite their pain on a scale from 0 (not at all 

confident) to 6 (completely confident).48 Higher scores indicate greater self-efficacy,48 

and a cut-off score of below 40 is used to categorize patients as having low-self 

efficacy.48 The TSK has 17-items, and for each patients rate their agreement with the 

statement from 1 (strongly disagree) to 4 (strongly agree). Lower scores on the TSK 

indicate less fear avoidance.193 A cut-off score of above 37 can be used to categorize 

patients as having high levels of movement related fear.49 The PCS consists of 13 

statements with corresponding scales ranging from 0 (not at all) to 4 (all the time). Lower 

scores on the PCS indicate less pain catastrophizing beliefs.29 A cut-off score of 19 or 

above corresponds to the 50th percentile in patients with chronic pain and is used to 

categorize patients with high levels of catastrophizing.29  The PCS does not have an 
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established minimal important change (MIC); however the MIC for the PSEQ is 5.5202, 

and 4193 for the TSK.  

Descriptive statistics were reported, and Fisher’s exact tests were used to 

examine the prevalence of increased postoperative pain based on preoperative 

thresholds on the PSEQ, TSK, and PCS. Following tests for normality, Mann-Whitney U 

tests were used to determine differences between groups. Separate multivariate logistic 

regressions with forward stepwise variable entry were used to determine if any individual 

variables or combinations of variables were predictive of persistent postoperative pain at 

rest or pain during activity. A cut-score of 3 on the 10-point VAS was used to categorize 

patients as having persistent postoperative pain because it is the established Patient 

Acceptable Symptom State (PASS) for postoperative pain.46  

A power analysis was performed using pilot data and a Fisher’s exact model. The 

alpha level was set at 0.05 and power was set at 0.80. To determine if the prevalence of 

persistent postoperative pain between preoperative psychosocial groups exists, a total 

sample of 50 was required. All analyses were performed using SPSS Statistics (version 

25, IBM, Armonk, NY). 

Results 

 A total of 52 patients (41F/11M; age 36.7 ± 12.2 years; BMI 27.1 ± 4.6 kg/m2) 

with symptomatic FAI undergoing hip arthroscopy were enrolled in this longitudinal 

study. The average duration of symptoms was 30.8 ± 31.1 months (range 2.5-120 

months). Overall, 51.9% (27/52) of patients had increased preoperative pain 

catastrophizing, 45.8% (22/48) of patients had low preoperative self-efficacy, and 83% 

(39/47) had high kinesiophobia. Approximately one-in-four patients (14/52, 26.9%) self-

reported a mental health disorder.  Of the 52 patients, 5 were undergoing revision hip 

arthroscopy for labral re-tear or remaining bony impingement. Patients undergoing 
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revision hip arthroscopy did not differ from the primary hip arthroscopy cohort for any 

variables included in this analysis (Table 5.1).  

 At an average 75.3  28.4 days (10.8 weeks) post hip arthroscopy 29.4% (15/51) 

of patients reported postoperative pain at rest above the PASS and 59.2% (29/49) 

reported pain during activity above the PASS; however, average pain did significantly 

improve (pain at rest = 3.9 ± 2.3 preoperatively; 1.5 ± 1.6 postoperatively; p=<.001/ pain 

with activity = 7.2 ± 2.2 preoperatively; 3.3 ± 2.6 postoperatively; p=<.001). Patients 

categorized as having high preoperative pain catastrophizing beliefs had significantly 

worse postoperative pain at rest (2.1 ± 1.7; .85 ± 1.2; p=0.01) but not during activity (3.8 

± 2.8; 2.8 ± 2.3; p=0.14) when compared to those with lower PCS scores. Patients 

categorized as having low preoperative self-efficacy had significantly worse 

postoperative pain at rest (2.5 ± 1.7; 0.8 ± 1; p=<.001) and during activity (4.3 ± 2.5; 2.7 

± 2.6; p=0.02). Patients categorized as having high preoperative kinesiophobia did not 

have worse postoperative at rest or during activity (p=0.15-0.26). PCS, PSEQ, and TSK 

scores all significantly improved pre- to post-operation (p=<.001; PCS 13.3, PSEQ 

11.1, TSK 6.6). The overall cohort met the MICs for the PSEQ and TSK, as did each 

group (PSEQ MIC 9.8-14.1, TSK 5.5-7.8). 

Using odds ratios patients that were categorized as having increased pain 

catastrophizing preoperatively were 5.6 (95% CI 1.3-23.4, p=0.02) times more likely to 

develop increased postoperative pain at rest, but not with activity (p=0.39). Patients 

categorized as having low preoperative self-efficacy were 42 (95% CI 4.7-371.9, 

p=<.001) times more likely to develop increased postoperative pain at rest, and 4.4 (95% 

CI 1.2-16.1, p=0.03) times more likely to develop increased postoperative pain during 

activity). Patients categorized as having high fear avoidance behaviors preoperatively 

were not more likely to develop postoperative pain (p=0.24-0.41). Patients with both high 
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preoperative pain catastrophizing and low self-efficacy were 26.6 (95% CI 5.1-138.4, 

p=<.001) times more likely to develop postoperative pain at rest, but not with activity 

(p=0.11).   

A model consisting of preoperative PSEQ and self-reported mental health 

disorders was predictive of postoperative pain at rest (r2=.47, p=<.001) and a model 

consisting of preoperative PSEQ was predictive of increased postoperative pain during 

activity (r2=.15, p=0.02). Patients with persistent pain at rest three months following hip 

arthroscopy had significantly lower scores on the PCS, TSK, and PSEQ preoperatively 

(p=<.001-.05). They also had worse preoperative pain at rest and during activity (p=.013-

.015) (Table 5.2). Patients with persistent pain during activity three months following hip 

arthroscopy only had lower scores on the PSEQ preoperatively (p=0.03) (Table 5.3).  

Discussion 

The aims of this study were to determine the effect of preoperative pain 

catastrophizing, low self-efficacy, and kinesiophobia on postoperative pain at rest or with 

activity following hip arthroscopy and to identify predictors of persistent postoperative 

pain. The distinction between postoperative pain at rest and during activity is important 

and has clinical implications. The logistic regression results from this study suggests that 

pain at rest following hip arthroscopy is primarily driven by central mediators (i.e. 

cognitive and neurologic processes) whereas pain during activity can still be largely 

attributed to peripheral nociception and tissue healing. This is consistent with previous 

literature demonstrating pain a rest is a more centrally mediated, stimulus-independent 

construct.116 Clinically this is relevant because traditional physical therapy interventions 

focus primarily on function and movement and do not target central desensitization or 

cognitive psychosocial coping skills training.    

Both preoperative pain catastrophizing and low self-efficacy were associated with 

worse postoperative pain at rest (p=<.001-.01), and low self-efficacy was associated with 
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worse postoperative pain during activity (p=0.02). When examined in terms of odds 

ratios, patients categorized as displaying high preoperative pain catastrophizing were 

5.6 times more likely to develop persistent pain at rest three months following hip 

arthroscopy, and patients that had low preoperative pain related self-efficacy were 42 

times more likely. Kinesiophobia did not increase the odds of developing persistent 

postoperative pain; however, 83% of patients were categorized as having high 

preoperative kinesiophobia. This may suggest a more sensitive and specific cut-off score 

is required for FAI patients that have failed conservative treatment. Interestingly, a 

higher percentage of patients presented with clinically relevant pain catastrophizing 

(51.9%) or low self-efficacy (45.8%), but only one-in-four had a self-reported mental 

health disorder. This finding suggests that pain catastrophizing and self-efficacy are 

more sensitive to specific negative pain behaviors than the presence of a mental health 

disorder alone. 

Secondarily we aimed to identify predictors of persistent postoperative pain. A 

model containing preoperative self-efficacy significantly predicted persistent 

postoperative pain during activity (r2=.15, p=0.02). Similarly, a model consisting of 

preoperative self-efficacy with the addition of a self-reported mood disorder significantly 

predicted persistent postoperative pain at rest (r2=0.47, p=<.001). 

The findings from both aims in this study are consistent with the available 

literature. Self-efficacy has repeatedly demonstrated a strong relationship with 

postoperative pain, and is often more powerful a determinant of disability than 

kinesiophobia.205,206 There is literature to suggest that self-efficacy plays a mediating role 

between pain-related fear and pain. That is, if a patient has high kinesiophobia and also 

high self-efficacy the effects on pain will be mediated.3 On the contrary, a patient with 

high kinesiophobia and low self-efficacy would be more likely to have pain as their lack 

of confidence in their ability to accomplish tasks such as rehabilitative exercises would 
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perpetuate hypervigilance, disuse, and avoidance instead of serving as a mechanism to 

overcome it. Additionally, self-reported mental health disorders and depressive 

symptoms have been previously associated with worse postoperative pain and function 

following hip arthroscopy.26,27 Based on the previous literature and the results of the 

current study, pain self-efficacy and comorbid mental health disorders must be screened 

for prior to hip arthroscopy, and future studies should evaluate adjunct interventions to 

mitigate their negative effects on postoperative outcomes.  

Pain related self-efficacy, pain catastrophizing, and mental health disorders are 

viable treatment targets as they have proven to be modifiable with evidence-based 

interventions.191,192,207 A 2018 systematic review and meta-analysis identified patient 

education and relaxation techniques as the most effective interventions for targeting 

psychosocial variables to decrease postoperative pain following orthopedic surgery.204 

Individualizing medicine based on biopsychosocial models such as the FAM is complex 

in comparison to the traditional medical model. However, this study adds to the literature 

supporting that treatment options must match the underlying mechanisms of persistent 

postoperative pain in order to optimize outcomes.  

In this study pain catastrophizing proved a more useful screening tool when 

analyzed as a bivariate rather than a continuous variable. Preoperative pain 

catastrophizing was not found to be significantly predictive of persistent postoperative 

pain three months following hip arthroscopy; however, when analyzed in a Fisher’s exact 

model patients with a preoperative score of 19 or higher on the PCS were 5.6 times 

more likely to develop increased postoperative pain at rest. This threshold provides 

clinicians with a simple method to identify patients at increased risk of persistent 

postoperative pain.  

Limitations 
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Though this study was fully powered for the Fisher’s exact comparisons, it was 

underpowered for logistic regressions. Therefore, these findings should be interpreted 

cautiously, and future research should aim to validate self-efficacy and mood disorders 

as predictors of persistent postoperative pain following hip arthroscopy. Additionally, 

mental health disorders in this cohort were self-reported. As such they may have been 

underreported. This study also included both patients undergoing primary and first 

revision hip arthroscopy.  

Previous research has identified revision arthroscopy as a risk-factor for poor 

postoperative outcomes citing that patients undergoing revision arthroscopy do not 

achieve the same level of improvement in terms of self-reported pain and function.101,208 

However, in the current study those undergoing revision procedures did not present 

differently from patients undergoing primary arthroscopy (Table 1), and revision was not 

a predictor of persistent pain three months following arthroscopy. As only 5 patients 

(9.6%) included in this study were undergoing revision arthroscopy this finding is likely 

due the small number of revisions, and not truly a reflection of their pre- or post-

operative status.  

Conclusions 

Preoperative pain related self-efficacy, pain catastrophizing, and self-reported 

mood disorders increase the risk of persistent postoperative pain three months following 

hip arthroscopy for symptomatic FAI. Self-efficacy, pain catastrophizing, and mood 

disorders are important determinants of long-term recovery and are viable treatment 

targets. As such, evidence-based interventions such as patient education and relaxation 

techniques should be applied in this high-risk population to mitigate the effects of poor 

preoperative cognitive coping.     
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Table 5.1. A comparison of variables between patients with symptomatic femoral 
acetabular impingement (FAI) undergoing revision or primary hip arthroscopy.  

*indicates statistical significance  0.05 

  

Variable Revision (N=5) Primary (N=47) p-value 

Age 35.6  11 36.9  12.4 .84 

BMI 25.9  3.8 27.2  4.7 .59 

Duration of symptoms 17.8  9.7 32.2  32.3 .46 

Preoperative PCS 30.4  14.8 18.2  12 .07 

Preoperative TSK 48  7 41.9  6.6 .11 

Preoperative PSEQ 33.3  19.1 39.2  13.7 .39 

Preoperative pain at rest 4.4  3.1 3.8  2.2 .82 

Preoperative pain during activity 7.2  2.6 7.2  2.2 .89 

Postoperative pain at rest 1.4  .55 1.5  1.7 .66 

Postoperative pain during activity 3  1.9 3.4  2.7 .97 
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Table 5.2. A comparison of preoperative variables between patients with symptomatic 
femoral acetabular impingement (FAI) that did and did not develop persistent pain at rest 
3 months follow hip arthroscopy.  

*indicates statistical significance  0.05 

 

Variable VAS  3 (N=15) VAS < 3 (N=36) p-value 

Age 39.9  10.4 35.4  12.9 .21 

BMI 28.6  4 26.5  4.7 .11 

Duration of symptoms 37.2  33.4 28.5  30.5 .40 

Preoperative PCS 25.7  12.4 17.1  12 .03* 

Preoperative TSK 45.1  6 41.1  6.9 .05* 

Preoperative PSEQ 28.1  8.9 43.2  13.3 .00* 

Preoperative pain at rest 5.2  2.4 3.3  2.1 .01* 

Preoperative pain during activity 8.4  2 6.8  2 .02* 
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Table 5.3. A comparison of preoperative variables between patients with symptomatic 
femoral acetabular impingement (FAI) that did and did not develop persistent pain during 
activity 3 months follow hip arthroscopy. 

*indicates statistical significance  0.05  

Variable VAS  3 (N=29) VAS < 3 (N=20) p-value 

Age 37  10.4 37.8  14.7 .85 

BMI 27.7  4.4 26  5 .23 

Duration of symptoms 32.7  34.2 29.9  28.4 .76 

Preoperative PCS 20.5  12.4 19.1  13.5 .70 

Preoperative TSK 43.3  5.9 41.2  8.4 .37 

Preoperative PSEQ 34  13.3 43.2  12.9 .03* 

Preoperative pain at rest 4.2  2.4 3.8  2.3 .57 

Preoperative pain during activity 7.4  2.2 7.3  2.2 .84 
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CHAPTER 6: SUMMARY 
 

The primary purpose of this dissertation study was to determine the effect of 

preoperative pain catastrophizing, pain related self-efficacy, and kinesiophobia on 

postoperative pain in patients with symptomatic femoral acetabular impingement (FAI) 

undergoing hip arthroscopy. This was accomplished with three individual aims: 

 6.1 SPECIFIC AIM 1 

• Specific Aim 1: Identify the preoperative prevalence of mental health disorders in 

patients undergoing hip arthroscopy and examine if the prevalence of mental 

health disorders differs between patients that have a short duration of symptoms 

(>6 months) and a long duration of symptoms (<6 months). 

o Hypothesis 1: We hypothesized that consistent with previous 

osteoarthritis and total hip arthroplasty literature, mental health disorders 

would be present in approximately 20% of patients undergoing hip 

arthroscopy, and that those patients with mental health disorders would 

present with a longer duration of symptoms (DOS) and worse self-

reported pain and function. 

• Findings summary: Greater than one-in-three (36.2%) patients undergoing hip 

arthroscopy presented with a mental health disorder–nearly double the rate 

previously reported for patients with hip osteoarthritis. Self-reported pain and 

function were worse in this subset of patients, but neither symptom chronicity nor 

the severity of joint deformity differed between those with or without comorbid 

mental health disorders.  

 6.2 SPECIFIC AIM 2 

• Specific Aim 2: Compare pain catastrophizing, self-efficacy, and kinesiophobia 

between patients with and without mental health disorders and determine if these 

variables were predictive of preoperative pain in patients with FAI. 
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o Hypothesis 2: We hypothesized that preoperative pain would be predicted 

by low pain self-efficacy and high kinesiophobia and pain catastrophizing. 

More specifically, we expected pain catastrophizing to be the primary 

predictor of preoperative pain. Further we hypothesized that these 

behaviors would be more severe in patients with mental health disorders. 

• Findings summary: Preoperative pain catastrophizing, pain related self-efficacy, 

and kinesiophobia were significantly worse for patients with a self-reported 

mental health disorder. A model consisting of pain related self-efficacy was found 

to be predictive of preoperative pain at rest, and the same model with the 

addition of BMI was found to be predictive of preoperative pain during activity. 

 6.3 SPECIFIC AIM 3 

• Specific Aim 3: Determine the effect of preoperative pain catastrophizing, low 

self-efficacy, and kinesiophobia on postoperative pain, and determine if these 

variables were predictive of postoperative pain. 

o Hypothesis 3: We hypothesized that preoperative pain catastrophizing, 

low pain related self-efficacy, and kinesiophobia would result in worse 

postoperative pain, and that these variables would be predictive of an 

increased risk of developing increased postoperative pain. 

• Findings summary: Preoperative self-efficacy and self-reported mental health 

disorders are predictive of persistent postoperative pain three months following 

hip arthroscopy for symptomatic FAI. Low preoperative self-efficacy and/or high 

pain catastrophizing independently increase the odds of abnormal recovery and 

elevated postoperative pain. 

 6.4 SYNTHESIS AND CLINICAL APPLICATION OF RESULTS 

 Based on the findings from this series of dissertation studies we can make the 

following conclusions:  
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Concomitant mental health disorders are common in patients with symptomatic 

FAI undergoing hip arthroscopy. These patients present worse preoperatively in terms of 

self-reported pain, function, and psychosocial status. Specific Aim 3 also identified that 

self-reported mental health disorders were part of a model that significantly predicted 

persistent postoperative pain at rest three months following hip arthroscopy. Combined, 

these data suggest mental health disorders must be considered during pre- and 

postoperative counseling for patients with symptomatic FAI undergoing hip arthroscopy.  

Findings from Specific Aims 2 and 3 lead to the conclusion that preoperative pain 

related self-efficacy is an extremely important variable to examine in patients with 

symptomatic FAI undergoing hip arthroscopy. Low preoperative pain self-efficacy was 

predictive of worse pre- and postoperative pain. Additionally, preoperative pain 

catastrophizing increased the odds of persistent postoperative pain three months 

following hip arthroscopy.  

The studies in this dissertation shed light on the important of psychosocial factors 

on postoperative pain and physical well-being. Pain is multifaceted and will never be 

explained by a single variable; however, in an attempt to optimize outcomes following 

orthopedic surgeries researchers and clinicians must embrace the merging of the mind 

and the body. Transitioning to a biopsychosocial model in leu of the traditional medical 

model is imperative to improving postoperative outcomes, specifically following hip 

arthroscopy. Providing individualized, patient-tailored treatment plans is a complex 

solution to a complex problem. Many psychosocial interventions target all the risk-factors 

identified by this series of studies. Preoperative patient education and relaxation 

techniques have demonstrated success in improving self-efficacy, decreasing 

catastrophizing, and mitigating preoperative anxieties or depressive 

symptoms.191,192,204,207 Traditional cognitive behavioral therapy should not be overlooked 

for clinical anxiety and depression; however, adjunct interventions can be applied by 



 
86 

allied health professionals209-211 in the clinic and can assist in providing patients a set of 

coping skills that can improve their postoperative experience.  

 6.5 FUTURE RESEARCH  

Future research directions were born out of this series of dissertation studies. A 

primary line of research should examine adjunct interventions aimed at the high-risk 

group of patients with concomitant mental health disorders, low preoperative pain related 

self-efficacy, and/or high pain catastrophizing. This research line should focus on the 

development of treatment strategies and interventions aimed at improving the likelihood 

of a successful clinical outcome. All three of these risk-factors are important 

determinants of long-term recovery and are all viable treatment targets. Established 

interventions such as patient education and relaxation techniques have yet to be applied 

in patients undergoing hip arthroscopy. It is reasonable to hypothesize that these 

interventions will assist in mitigating the effects of poor preoperative cognitive coping 

and mental health disorders in patients with symptomatic FAI. Additionally, a second line 

of research should evaluate these interventions in high-risk patients with symptomatic 

FAI during the course of their initial conservative treatment to improve physical therapy 

outcomes. Results from such studies could determine if psychosocial interventions can 

improve the response to conservative treatment thereby potentially reducing the need for 

surgical correction.  

There is a well-established relationship between psychosocial variables and 

decreased physical function190,212 and/or aberrant movement patterns213,214 in patients 

with a variety of orthopedic conditions. To date, this relationship has not been examined 

in patients with symptomatic FAI; however, the data presented in this series of 

dissertation studies suggests a similar relationship may exist. As such, the third and final 

line of research should examine the relationship between hypervigilant movement 

patters and fear-avoidance, catastrophizing, and self-efficacy in patients with 
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symptomatic FAI. Following the Fear Avoidance Model of chronic pain, the risk-factors 

identified in Specific Aims 2 and 3, low self-efficacy and pain catastrophizing, are likely 

resulting in muscle guarding and hypervigilant movement patterns. By examining these 

relationships researchers can identify functional treatment targets to specifically address 

in physical therapy sessions.   

 
  



 
88 

REFERENCES 
 
1. Kemp JL, Collins NJ, Roos EM, Crossley KM. Psychometric properties of patient-

reported outcome measures for hip arthroscopic surgery. Am J Sports Med. 
2013;41(9):2065-2073. 

2. Chahal J, Van Thiel GS, Mather RC, Lee S, Song SH, Davis AM, et al. The 
patient acceptable symptomatic state for the modified harris hip score and hip 
outcome score among patients undergoing surgical treatment for 
femoroacetabular impingement. Am J Sports Med. 2015;43(8):1844-1849. 

3. Woby SR, Urmston M, Watson PJ. Self-efficacy mediates the relation between 
pain-related fear and outcome in chronic low back pain patients. Eur J Pain. 
2007;11(7):711-718. 

4. Minkara AA, Westermann RW, Rosneck J, Lynch TS. Systematic review and 
meta-analysis of outcomes after hip arthroscopy in femoroacetabular 
impingement. Am J Sports Med. 2018:0363546517749475. 

5. Agricola R, Bessems JH, Ginai AZ, Heijboer MP, van der Heijden RA, Verhaar 
JA, et al. The development of cam-type deformity in adolescent and young male 
soccer players. Am J Sports Med. 2012;40(5):1099-1106. 

6. Lahner M, Walter PA, von Schulze Pellengahr C, Hagen M, von Engelhardt LV, 
Lukas C. Comparative study of the femoroacetabular impingement (FAI) 
prevalence in male semiprofessional and amateur soccer players. Arch Orthop 
Trauma Surg. 2014;134(8):1135-1141. 

7. Thier S, Gerisch D, Weiss C, Fickert S, Brunner A. Prevalence of cam and pincer 
deformities in the x-rays of asymptomatic individuals. Biomed Res Int. 
2017:8562329. 

8. Han J, Won SH, Kim JT, Hahn MH, Won YY. Prevalence of cam deformity with 
associated femoroacetabular impingement syndrome in hip joint computed 
tomography of asymptomatic adults. Hip & pelvis. 2018;30(1):5-11. 

9. Register B, Pennock AT, Ho CP, Strickland CD, Lawand A, Philippon MJ. 
Prevalence of abnormal hip findings in asymptomatic participants a prospective, 
blinded study. Am J Sports Med. 2012;40(12):2720-2724. 

10. Brunner R, Maffiuletti NA, Casartelli NC, Bizzini M, Sutter R, Pfirrmann CW, et al. 
Prevalence and functional consequences of femoroacetabular impingement in 
young male ice hockey players. Am J Sports Med. 2016;44(1):46-53. 

11. Falotico GG, Arliani GG, Yamada AF, Fernandes A, Ejnisman B, Cohen M. 
Professional soccer is associated with radiographic cam and pincer hip 
morphology. Knee Surg Sports Traumatol Arthrosc. 2018:1-7. 

12. Kivlan BR, Nho SJ, Christoforetti J, Ellis TJ, Matsuda DK, Salvo JP, et al. 
Multicenter outcomes after hip arthroscopy: epidemiology (MASH Study Group). 
What are we seeing in the office, and who are we choosing to treat? Am J 
Orthop. 2017;46(1):35-41. 

13. Colvin AC, Harrast J, Harner C. Trends in hip arthroscopy. J Bone Joint Surg. 
2012;94(4):e23. 

14. Ha Y-C, Kim K-C, Shin Y-E. Patient satisfaction after arthroscopic repair of 
acetabular labral tears. Clin Orthop Surg. 2014;6(2):159-164. 

15. Casartelli NC, Leunig M, Maffiuletti NA, Bizzini M. Return to sport after hip 
surgery for femoroacetabular impingement: a systematic review. Br J Sports 
Med. 2015:bjsports-2014-094414. 

16. Byrd JT, Jones KS, Schmitz LMR, Doner GP. Hip arthroscopy in the warrior 
athlete: 2 to 10 year outcomes. J Hip Preserv Surg. 2016;3(1):68-71. 



 
89 

17. Levy DM, Kuhns BD, Chahal J, Philippon MJ, Kelly BT, Nho SJ. Hip arthroscopy 
outcomes with respect to patient acceptable symptomatic state and minimal 
clinically important difference. Arthroscopy. 2016;32(9):1877-1886. 

18. Capogna B, Hamula M, Begly J, Wolfson T, Looze C, Ryan MK, et al. 
Independent risk factors for poor outcome after hip arthroscopy. Orthop J Sports 
Med. 2017;5(7_suppl6):2325967117S2325900423. 

19. Philippon M, Briggs K, Yen Y-M, Kuppersmith D. Outcomes following hip 
arthroscopy for femoroacetabular impingement with associated chondrolabral 
dysfunction. Bone Joint J. 2009;91(1):16-23. 

20. Cvetanovich GL, Kuhns B, Weber AE, Alter J, Mather RC, Harris JD, et al. 
Predictors of inferior outcomes following hip arthroscopy for femoroacetabular 
impingement. Orthop J Sports Med. 2017;5(3_suppl3). 

21. Dierckman BD, Ni J, Hohn EA, Domb BG. Does duration of symptoms affect 
clinical outcome after hip arthroscopy for labral tears? Analysis of prospectively 
collected outcomes with minimum 2-year follow-up. J Hip Preserv Surg. 
2017;4(4):308-317. 

22. Jacobs CA, Burnham JM, Jochimsen KN, Molina D, Hamilton DA, Duncan ST. 
Preoperative symptoms in femoroacetabular impingement patients are more 
related to mental health scores than the severity of labral tear or magnitude of 
bony deformity. J Arthroplasty. 2017;32(12):3603-3606. 

23. Westermann RW, Lynch TS, Jones MH, Spindler KP, Messner W, Strnad G, et 
al. Predictors of hip pain and function in femoroacetabular impingement: a 
prospective cohort analysis. Orthop J Sports Med. 
2017;5(9):2325967117726521. 

24. Potter MQ, Sun GS, Fraser JA, Beckmann JT, Swenson JD, Maak TG, et al. 
Psychological distress in hip arthroscopy patients affects postoperative pain 
control. Arthroscopy. 2014;30(2):195-201. 

25. Potter MQ, Wylie JD, Sun GS, Beckmann JT, Aoki SK. Psychologic distress 
reduces preoperative self-assessment scores in femoroacetabular impingement 
patients. Clin Orthop Relat Res. 2014;472(6):1886-1892. 

26. Lansdown DA, Ukwuani G, Kuhns B, Harris JD, Nho SJ. Self-reported mental 
disorders negatively influence surgical outcomes after arthroscopic treatment of 
femoroacetabular impingement. Orthop J Sports Med. 
2018;6(5):2325967118773312. 

27. Sochacki KR, Brown L, Cenkus K, Di Stasi S, Harris JD, Ellis TJ. Preoperative 
depression is negatively associated with function and predicts poorer outcomes 
after hip arthroscopy for femoroacetabular impingement. Arthroscopy. 2018. 

28. Leeuw M, Goossens ME, Linton SJ, Crombez G, Boersma K, Vlaeyen JW. The 
fear-avoidance model of musculoskeletal pain: current state of scientific 
evidence. J Behav Med. 2007;30(1):77-94. 

29. Sullivan MJ, Bishop SR, Pivik J. The pain catastrophizing scale: development 
and validation. Psychol Assess. 1995;7(4):524. 

30. Jochimsen K, Pelton M, Jacobs C, Mattacola C, Lattermann C. The 6-month 
progression of pain catastrophizing in an acute ACL population. J Ath Train. 
2017;52(6):S42. 

31. Sturgeon JA, Zautra AJ. State and trait pain catastrophizing and emotional health 
in rheumatoid arthritis. Ann Behav Med. 2012;45(1):69-77. 

32. Archer KR, Abraham CM, Obremskey WT. Psychosocial factors predict pain and 
physical health after lower extremity trauma. Clin Orthop Relat Res. 
2015;473(11):3519-3526. 



 
90 

33. Özkan S, Zale EL, Ring D, Vranceanu A-M. Associations between pain 
catastrophizing and cognitive fusion in relation to pain and upper extremity 
function among hand and upper extremity surgery patients. Ann Behav Med. 
2017;51(4):547-554. 

34. Talaei-Khoei M, Fischerauer SF, Lee S-G, Ring D, Vranceanu A-M. Pain 
catastrophizing mediates the effect of psychological inflexibility on pain intensity 
and upper extremity physical function in patients with upper extremity illness. 
Pain Pract. 2017;17(1):129-140. 

35. Teunis T, Bot AG, Thornton ER, Ring D. Catastrophic thinking is associated with 
finger stiffness after distal radius fracture surgery. J Orthop Trauma. 
2015;29(10):e414-e420. 

36. Flaskerud JH. Pain and culture: the catastrophizing construct and measurement. 
Issues Ment Health Nurs. 2015;36(2):152-155. 

37. Khan RS, Ahmed K, Blakeway E, Skapinakis P, Nihoyannopoulos L, Macleod K, 
et al. Catastrophizing: a predictive factor for postoperative pain. Am J Surg. 
2011;201(1):122-131. 

38. Sharifzadeh Y, Ming-Chih K, Sturgeon JA, Rico TJ, Mackey S, Darnall BD. Pain 
catastrophizing moderates relationships between pain intensity and opioid 
prescription: nonlinear sex differences revealed using a learning health system. 
Anesthesiology. 2017;127(1):136-146. 

39. Helmerhorst GTT, Vranceanu A-M, Vrahas M, Smith M, Ring D. Risk factors for 
continued opioid use one to two months after surgery for musculoskeletal 
trauma. J Bone Jt Surg Am. 2014;96(6):495-499. 

40. Talaei-Khoei M, Ogink PT, Jha R, Ring D, Chen N, Vranceanu A-M. Cognitive 
intrusion of pain and catastrophic thinking independently explain interference of 
pain in the activities of daily living. J Psychiatr Res. 2017;91:156-163. 

41. Mansell NS, Rhon DI, Meyer J, Slevin JM, Marchant BG. Arthroscopic surgery or 
physical therapy for patients with femoroacetabular impingement syndrome: a 
randomized controlled trial with 2-year follow-up. Am J Sports Med. 
2018;46(6):1306-1314. 

42. Costal LdCM, Maherl CG, McAuleyl JH, Hancockl MJ, Smeetsl RJ. Self-efficacy 
is more important than fear of movement in mediating the relationship between 
pain and disability in chronic low back pain. Eur J Pain. 2011;15(2):213-219. 

43. van den Akker-Scheek I, Stevens M, Groothoff JW, Bulstra SK, Zijlstra W. 
Preoperative or postoperative self-efficacy: which is a better predictor of outcome 
after total hip or knee arthroplasty? Patient Educ Couns. 2007;66(1):92-99. 

44. Vlaeyen JW, Linton SJ. Fear-avoidance and its consequences in chronic 
musculoskeletal pain: a state of the art. Pain. 2000;85(3):317-332. 

45. Guney-Deniz H, Irem Kinikli G, Caglar O, Atilla B, Yuksel I. Does kinesiophobia 
affect the early functional outcomes following total knee arthroplasty? Physiother 
Theory Pract. 2017;33(6):448-453. 

46. Tashjian RZ, Deloach J, Porucznik CA, Powell AP. Minimal clinically important 
differences (MCID) and patient acceptable symptomatic state (PASS) for visual 
analog scales (VAS) measuring pain in patients treated for rotator cuff disease. J 
Shoulder Elbow Surg. 2009;18(6):927-932. 

47. Myles PS, Myles DB, Galagher W, Boyd D, Chew C, MacDonald N, Dennis A. 
Measuring acute postoperative pain using the visual analog scale: the minimal 
clinically important difference and patient acceptable symptom state. Br J 
Anaesth. 2017;118(3):424-429. 

48. Nicholas MK. The pain self-efficacy questionnaire: Taking pain into account. Eur 
J Pain. 2007;11(2):153-163. 



 
91 

49. Vlaeyen JW, Kole-Snijders AM, Boeren RG, Van Eek H. Fear of movement/(re) 
injury in chronic low back pain and its relation to behavioral performance. Pain. 
1995;62(3):363-372. 

50. Johnston RC, Smidt GL. Hip motion measurements for selected activities of daily 
living. Clin Orthop Relat Res. 1970;72:205-215. 

51. Bowman KF, Fox J, Sekiya JK. A clinically relevant review of hip biomechanics. 
Arthroscopy. 2010;26(8):1118-1129. 

52. Gatchel RJ, Lurie JD, Mayer TG. Minimal clinically important difference. Spine. 
2010;35(19):1739-1743. 

53. Crosby RD, Kolotkin RL, Williams GR. Defining clinically meaningful change in 
health-related quality of life. J Clin Epidemiol. 2003;56(5):395-407. 

54. Harvill LM. Standard error of measurement. Educ. Meas. 1991;10(2):33-41. 
55. Pua Y-H, Wrigley TW, Cowan SM, Bennell KL. Intrarater test-retest reliability of 

hip range of motion and hip muscle strength measurements in persons with hip 
osteoarthritis. Arch Phys Med Rehabil. 2008;89(6):1146-1154. 

56. Larkin B, van Holsbeeck M, Koueiter D, Zaltz I. What is the impingement-free 
range of motion of the asymptomatic hip in young adult males? Clin Orthop Relat 
Res. 2015;473(4):1284-1288. 

57. Dewberry MJ, Bohannon RW, Tiberio D, Murray R, Zannotti CM. Pelvic and 
femoral contributions to bilateral hip flexion by subjects suspended from a bar. 
Clin Biomech. 2003;18(6):494-499. 

58. Murray R, Bohannon R, Tiberio D, Dewberry M, Zannotti C. Pelvifemoral rhythm 
during unilateral hip flexion in standing. Clin Biomech. 2002;17(2):147-151. 

59. Hamill J, Knutzen KM. Biomechanical basis of human movement. Lippincott 
Williams & Wilkins; 2006. 

60. Gradoz MC, Bauer LE, Grindstaff TL, Bagwell JJ. Reliability of hip rotation range 
of motion in supine and seated positions. J Sport Rehabil. 2018:1-17. 

61. Harris-Hayes M, Wendl PM, Sahrmann SA, Van Dillen LR. Does stabilization of 
the tibiofemoral joint affect passive prone hip rotation range of motion measures 
in unimpaired individuals? A preliminary report. Physiother Theory Pract. 
2007;23(6):315-323. 

62. Ellenbecker TS, Ellenbecker GA, Roetert EP, Silva RT, Keuter G, Sperling F. 
Descriptive profile of hip rotation range of motion in elite tennis players and 
professional baseball pitchers. Am J Sports Med. 2007;35(8):1371-1376. 

63. Simoneau GG, Hoenig KJ, Lepley JE, Papanek PE. Influence of hip position and 
gender on active hip internal and external rotation. J Orthop Sports Phys Ther. 
1998;28(3):158-164. 

64. Barbee Ellison J, Rose SJ, Sahrmann SA. Patterns of hip rotation range of 
motion: a comparison between healthy subjects and patients with low back pain. 
Phys Ther. 1990;70(9):537-541. 

65. Fagerson TL. The hip handbook. Butterworth-Heinemann Medical; 1998. 
66. Polkowski GG, Clohisy JC. Hip biomechanics. Sports Med Arthrosc Rev. 

2010;18(2):56-62. 
67. Starkey C, Brown SD, Ryan JL. Evaluation of orthopedic and athletic injuries. FA 

Davis Company; 2010. 
68. Neumann DA. Kinesiology of the hip: a focus on muscular actions. J Orthop 

Sports Pys Ther. 2010;40(2):82-94. 
69. Groh MM, Herrera J. A comprehensive review of hip labral tears. Curr Rev 

Musculoskelet Med. 2009;2(2):105-117. 



 
92 

70. Kelly BT, Shapiro GS, Digiovanni CW, Buly RL, Potter HG, Hannafin JA. 
Vascularity of the hip labrum: a cadaveric investigation. Arthroscopy. 
2005;21(1):3-11. 

71. Bardakos N, Villar R. The ligamentum teres of the adult hip. Bone Joint J. 
2009;91(1):8-15. 

72. Bohannon RW. Manual muscle testing: does it meet the standards of an 
adequate screening test? Clin Rehabil. 2005;19(6):662-667. 

73. Harris-Hayes M, Czuppon S, Van Dillen LR, Steger-May K, Sahrmann S, 
Schootman M, et al. Movement-pattern training to improve function in people with 
chronic hip joint pain: a feasibility randomized clinical trial. J Orthop Sports Phys 
Ther. 2016;46(6):452-461. 

74. Kennedy MJ, Lamontagne M, Beaulé PE. Femoroacetabular impingement alters 
hip and pelvic biomechanics during gait: walking biomechanics of FAI. Gait 
Posture. 2009;30(1):41-44. 

75. Byrd JT, Jones KS. Diagnostic accuracy of clinical assessment, magnetic 
resonance imaging, magnetic resonance arthrography, and intra-articular 
injection in hip arthroscopy patients. Am J Sports Med. 2004;32(7):1668-1674. 

76. de Sa D, Hölmich P, Phillips M, et al. Athletic groin pain: a systematic review of 
surgical diagnoses, investigations and treatment. Br J Sports Med. 2016. 

77. Frost HM. A 2003 update of bone physiology and Wolff's Law for clinicians. Angle 
Orthod. 2004;74(1):3-15. 

78. Wilkinson J. A post-natal survey for congenital displacement of the hip. J Bone 
Joint Surg Br. 1972;54(1):40-49. 

79. Shorter D, Hong T, Osborn DA. Cochrane Review: Screening programmes for 
developmental dysplasia of the hip in newborn infants. Evid Based Child Health. 
2013;8(1):11-54. 

80. Parvizi J, Bican O, Bender B, Mortazavi J, Purtill JJ, Erickson J, et al. 
Arthroscopy for labral tears in patients with developmental dysplasia of the hip: a 
cautionary note. J Arthroplasty. 2009;24(6):110-113. 

81. Narvani AA, Tsiridis E, Kendall S, Chaudhuri R, Thomas P. A preliminary report 
on prevalence of acetabular labrum tears in sports patients with groin pain. Knee 
Surg Sports Traumatol Arthrosc. 2003;11(6):403-408. 

82. Kivlan BR, Nho SJ, Christoforetti JJ, Ellis TJ, Matsuda DK, Salvo JP, et al. 
Multicenter outcomes after hip arthroscopy: epidemiology (MASH Study Group). 
what are we seeing in the office, and who are we choosing to treat? Am J 
Orthop. 2017;46(1):35. 

83. Ibrahim T, Little DG. The pathogenesis and treatment of legg-calvé-perthes 
disease. JBJS Rev. 2016;4(7). 

84. Gholve PA, Cameron DB, Millis MB. Slipped capital femoral epiphysis update. 
Curr Opin Pediatr. 2009;21(1):39-45. 

85. Pateder DB, Hungerford MW. Use of fluoroscopically guided intra-articular hip 
injection in differentiating the pain source in concomitant hip and lumbar spine 
arthritis. Am J Orthop. 2007;36(11):591-593. 

86. Krych AJ, Thompson M, Knutson Z, Scoon J, Coleman SH. Arthroscopic labral 
repair versus selective labral debridement in female patients with 
femoroacetabular impingement: a prospective randomized study. Arthroscopy. 
2013;29(1):46-53. 

87. Larson CM, Giveans MR, Stone RM. Arthroscopic debridement versus refixation 
of the acetabular labrum associated with femoroacetabular impingement: mean 
3.5-year follow-up. Am J Sports Med. 2012;40(5):1015-1021. 



 
93 

88. Clohisy JC, Carlisle JC, Trousdale R, Kim YJ, Beaule PE, Morgan P, et al. 
Radiographic evaluation of the hip has limited reliability. Clin Orthop Relat Res. 
2009;467(3):666-675. 

89. Nepple JJ, Brophy RH, Matava MJ, Wright RW, Clohisy JC. Radiographic 
findings of femoroacetabular impingement in National Football League Combine 
athletes undergoing radiographs for previous hip or groin pain. Arthroscopy. 
2012;28(10):1396-1403. 

90. Beck M, Kalhor M, Leunig M, Ganz R. Hip morphology influences the pattern of 
damage to the acetabular cartilage: femoroacetabular impingement as a cause of 
early osteoarthritis of the hip. Bone Joint J. 2005;87(7):1012-1018. 

91. Wagner S, Hofstetter W, Chiquet M, Mainil-Varlet P, Stauffer E, Ganz R, et al. 
Early osteoarthritic changes of human femoral head cartilage subsequent to 
femoro-acetabular impingement. Osteoarthr Cartil. 2003;11(7):508-518. 

92. Byrd JWT, Jones KS, Schmitz LMR, Doner GP. Hip arthroscopy in the warrior 
athlete: 2 to 10 year outcomes. J Hip Preserv Surg. 2016;3(1):68-71. 

93. Hunt D, Prather H, Harris Hayes M, Clohisy JC. Clinical outcomes analysis of 
conservative and surgical treatment of patients with clinical indications of 
prearthritic, intra-articular hip disorders. PM R. 2012;4(7):479-487. 

94. Casartelli NC, Bizzini M, Maffiuletti NA, Sutter R, Pfirrmann CW, Leunig M, et al. 
Exercise therapy for the management of femoroacetabular impingement 
syndrome: preliminary results of clinical responsiveness. Arthritis Care Res. 
2018. 

95. Griffin D, Dickensen E, Hobson R, Realpe A, Parsons N, Achana F, et al. Hip 
arthroscopy compared to best conservative care for the treatment of 
femoroacetabular impingement syndrome: a randomised controlled trial (UK 
FASHIoN). Osteoarthr Cartil. 2018;26:S24-S25. 

96. Kemp JL, Coburn SL, Jones DM, Crossley KM. The physiotherapy for 
femoroacetabular impingement rehabilitation study (physioFIRST): a pilot 
randomized controlled trial. J Orthop Sports Phys Ther. 2018;48(4):307-315. 

97. Stone AV, Jacobs CA, Luo TD, Meadows MC, Nho SJ, Stubbs AJ, et al. High 
degree of variability in reporting of clinical and patient-reported outcomes after 
hip arthroscopy. Am J Sports Med. 2017:363546517724743. 

98. Brunner A, Horisberger M, Herzog RF. Sports and recreation activity of patients 
with femoroacetabular impingement before and after arthroscopic osteoplasty. 
Am J Sports Med. 2009;37(5):917-922. 

99. Horisberger M, Brunner A, Herzog RF. Arthroscopic treatment of femoral 
acetabular impingement in patients with preoperative generalized degenerative 
changes. Arthroscopy. 2010;26(5):623-629. 

100. Myles PS, Myles DB, Galagher W, Boyd D, Chew C, MacDonald N, et al. 
Measuring acute postoperative pain using the visual analog scale: the minimal 
clinically important difference and patient acceptable symptom state. Br J 
Anaesth. 2017;118(3):424-429. 

101. Newman JT, Briggs KK, McNamara SC, Philippon MJ. Revision hip arthroscopy: 
a matched-cohort study comparing revision to primary arthroscopy patients. The 
Am J Sports Med. 2016;44(10):2499-2504. 

102. Jochimsen K, Malempati CS, Jacobs CA, Duncan ST. Return to sport following 
arthroscopic treatment of acetabular labral tears in competitive athletes: a 
systematic review. Athletic Training and Sports Health Care. 2018. 

103. Reiman MP, Peters S, Sylvain J, Hagymasi S, Mather RC, Goode AP. 
Femoroacetabular impingement surgery allows 74% of athletes to return to the 
same competitive level of sports participation but their level of performance 



 
94 

remains unreported: a systematic review with meta-analysis. Br J Sports Med. 
2018;52(15):972-981. 

104. Matsuda DK, Carlisle JC, Arthurs SC, Wierks CH, Philippon MJ. Comparative 
systematic review of the open dislocation, mini-open, and arthroscopic surgeries 
for femoroacetabular impingement. Arthroscopy. 2011;27(2):252-269. 

105. Reiman MP, Peters S, Rhon DI. Most military service members return to activity 
duty with limitations after surgery for femoroacetabular impingement syndrome: a 
systematic review. Arthroscopy. 2018;34(9):2713-2725. 

106. Singh JA. Smoking and outcomes after knee and hip arthroplasty: a systematic 
review. J Rheumatol. 2011:jrheum-101221. 

107. McElroy MJ, Pivec R, Issa K, Harwin SF, Mont MA. The effects of obesity and 
morbid obesity on outcomes in TKA. J Knee Surg. 2013;26(02):083-088. 

108. Liska F, Haller B, Voss A, Mehl J, Imhoff FB, Willinger L, et al. Smoking and 
obesity influence the risk of nonunion in lateral opening wedge, closing wedge 
and torsional distal femoral osteotomies. Knee Surg Sports Traumatol Arthrosc. 
2018;26(9):2551-2557. 

109. Kwiatkowski TC, Hanley E, Ramp WK. Cigarette smoking and its orthopedic 
consequences. Am J Orthop. 1996;25:590-597. 

110. Lübbeke A, Stern R, Garavaglia G, Zurcher L, Hoffmeyer P. Differences in 
outcomes of obese women and men undergoing primary total hip arthroplasty. 
Arthritis Care Res. 2007;57(2):327-334. 

111. Kim KW, Han JW, Cho HJ, Chang CB, Park JH, Lee JJ, et al. Association 
between comorbid depression and osteoarthritis symptom severity in patients 
with knee osteoarthritis. J Bone Joint Surg. 2011;93(6):556-563. 

112. Jacobs CA, Christensen CP, Karthikeyan T. Chronic non-orthopedic conditions 
more common in patients with less severe degenerative changes that have 
elected to undergo total knee arthroplasty. J Arthroplasty. 2015;30(7):1146-1149. 

113. Wylie JD, Suter T, Potter MQ, Granger EK, Tashjian RZJJ. Mental health has a 
stronger association with patient-reported shoulder pain and function than tear 
size in patients with full-thickness rotator cuff tears. J Bone Joint Surg. 
2016;98(4):251-256. 

114. Moseley G. A pain neuromatrix approach to patients with chronic pain. Man Ther. 
2003;8(3):130-140. 

115. Moseley L. Unraveling the barriers to reconceptualization of the problem in 
chronic pain: the actual and perceived ability of patients and health professionals 
to understand the neurophysiology. J Pain. 2003;4(4):184-189. 

116. Srikandarajah S, Gilron I. Systematic review of movement-evoked pain versus 
pain at rest in postsurgical clinical trials and meta-analyses: a fundamental 
distinction requiring standardized measurement. Pain. 2011;152(8):1734-1739. 

117. Osman A, Barrios FX, Gutierrez PM, Kopper BA, Merrifield T, Grittmann L. The 
Pain Catastrophizing Scale: further psychometric evaluation with adult samples. 
J Behav Med. 2000;23(4):351-365. 

118. Haythornthwaite JA, Clark MR, Pappagallo M, Raja SN. Pain coping strategies 
play a role in the persistence of pain in post-herpetic neuralgia. Pain. 
2003;106(3):453-460. 

119. Picavet HSJ, Vlaeyen JW, Schouten JS. Pain catastrophizing and kinesiophobia: 
predictors of chronic low back pain. Am J Epidemiol. 2002;156(11):1028-1034. 

120. Forsythe ME, Dunbar MJ, Hennigar AW, Sullivan MJ, Gross M. Prospective 
relation between catastrophizing and residual pain following knee arthroplasty: 
two-year follow-up. Pain Res Manag. 2008;13(4):335-341. 



 
95 

121. Vranceanu A-M, Barsky A, Ring D. Psychosocial aspects of disabling 
musculoskeletal pain. J Bone Joint Surg. 2009;91(8):2014-2018. 

122. De SD, Vranceanu A-M, Ring DC. Contribution of kinesophobia and catastrophic 
thinking to upper-extremity-specific disability. J Bone Joint Surg. 2013;95(1):76-
81. 

123. Skidmore JR, Koenig AL, Dyson SJ, Kupper AE, Garner MJ, Keller CJ. Pain self-
efficacy mediates the relationship between depressive symptoms and pain 
severity. Clin J Pain. 2015;31(2):137-144. 

124. Keefe FJ, Lefebvre JC, Maixner W, Salley AN, Jr., Caldwell DS. Self-efficacy for 
arthritis pain: relationship to perception of thermal laboratory pain stimuli. Arthritis 
Care Res. 1997;10(3):177-184. 

125. Asghari A, Nicholas MK. Pain self-efficacy beliefs and pain behaviour. A 
prospective study. Pain. 2001;94(1):85-100. 

126. Picha KJ, Jochimsen KN, Heebner NR, Abt JP, Usher EL, Capilouto, et al. 
Measurements of self-efficacy in musculoskeletal rehabilitation: a systematic 
review. Musculoskeletal care. 2018. 

127. Gibson L, Strong J. The reliability and validity of a measure of perceived 
functional capacity for work in chronic back pain. J Occup Rehabil. 
1996;6(3):159-175. 

128. Fritz JM, George SZ, Delitto A. The role of fear-avoidance beliefs in acute low 
back pain: relationships with current and future disability and work status. Pain. 
2001;94(1):7-15. 

129. Swinkels-Meewisse IE, Roelofs J, Schouten EG, Verbeek AL, Oostendorp RA, 
Vlaeyen JW. Fear of movement/(re) injury predicting chronic disabling low back 
pain: a prospective inception cohort study. Spine. 2006;31(6):658-664. 

130. Thomas EN, Pers YM, Mercier G, Cambiere JP, Frasson N, Ster F, et al. The 
importance of fear, beliefs, catastrophizing and kinesiophobia in chronic low back 
pain rehabilitation. Ann Phys Rehabil Med. 2010;53(1):3-14. 

131. Filardo G, Merli G, Roffi A, Marcacci T, Berti Ceroni F, Raboni D, et al. 
Kinesiophobia and depression affect total knee arthroplasty outcome in a 
multivariate analysis of psychological and physical factors on 200 patients. Knee 
Surg Sports Traumatol Arthrosc. 2017;25(11):3417-3423. 

132. Goldberg P, Zeppieri G, Bialosky J, Bocchino C, van den Boogaard J, Tillman S, 
et al. Kinesiophobia and its association with health-related quality of life across 
injury locations. Arch Phys Med Rehabil. 2018;99(1):43-48. 

133. French DJ, France CR, Vigneau F, French JA, Evans RT. Fear of movement/(re) 
injury in chronic pain: a psychometric assessment of the original English version 
of the tampa scale for kinesiophobia (TSK). Pain. 2007;127(1-2):42-51. 

134. Latremoliere A, Woolf CJ. Central sensitization: a generator of pain 
hypersensitivity by central neural plasticity. J Pain. 2009;10(9):895-926. 

135. Arendt-Nielsen L, Graven-Nielsen T. Translational musculoskeletal pain 
research. Best Pract Res Clin Rheumatol. 2011;25(2):209-226. 

136. Mendell LM, Wall PD. Responses of single dorsal cord cells to peripheral 
cutaneous unmyelinated fibres. Nature. 1965;206(4979):97. 

137. Cavanaugh J. Neurophysiology and neuroanatomy of neck pain. Frontiers in 
Whiplash Trauma: Clinical & Biomechanical. 2000. 

138. Tsao H, Danneels LA, Hodges PW. ISSLS prize winner: smudging the motor 
brain in young adults with recurrent low back pain. Spine. 2011;36(21):1721-
1727. 



 
96 

139. Izumi M, Petersen KK, Arendt-Nielsen L, Graven-Nielsen T. Pain referral and 
regional deep tissue hyperalgesia in experimental human hip pain models. Pain. 
2014;155(4):792-800. 

140. Izumi M, Petersen KK, Laursen MB, Arendt-Nielsen L, Graven-Nielsen T. 
Facilitated temporal summation of pain correlates with clinical pain intensity after 
hip arthroplasty. Pain. 2017;158(2):323-332. 

141. McCambridge J, Witton J, Elbourne DRJJoce. Systematic review of the 
Hawthorne effect: new concepts are needed to study research participation 
effects. Clin Epidemiol. 2014;67(3):267-277. 

142. Curatolo M, Petersen-Felix S, Arendt-Nielsen L, Giani C, Zbinden AM, Radanov 
BP. Central hypersensitivity in chronic pain after whiplash injury. Clin J Pain. 
2001;17(4):306-315. 

143. Granges G, Littlejohn G. Pressure pain threshold in pain-free subjects, in patients 
with chronic regional pain syndromes, and in patients with fibromyalgia 
syndrome. Arthritis Rheumatol. 1993;36(5):642-646. 

144. Giesecke T, Gracely RH, Grant MA, Nachemson A, Petzke F, Williams DA, et al. 
Evidence of augmented central pain processing in idiopathic chronic low back 
pain. Arthritis Rheumatol. 2004;50(2):613-623. 

145. Nickel BT, Klement MR, Byrd WA, Attarian DE, Seyler TM, Wellman SS. Battling 
the opioid epidemic with prospective pain threshold measurement. J Arthroplasty. 
2018;33(7S):S3-S7.  

146. Aranda-Villalobos P, Fernandez-de-Las-Penas C, Navarro-Espigares JL, 
Hernandez-Torres E, Villalobos M, Arendt-Nielsen L, et al. Normalization of 
widespread pressure pain hypersensitivity after total hip replacement in patients 
with hip osteoarthritis is associated with clinical and functional improvements. 
Arthritis Rheum. 2013;65(5):1262-1270. 

147. Nussbaumer S, Leunig M, Glatthorn JF, Stauffacher S, Gerber H, Maffiuletti NA. 
Validity and test-retest reliability of manual goniometers for measuring passive 
hip range of motion in femoroacetabular impingement patients. BMC 
Musculoskel Disord. 2010;11(1):194. 

148. Nicholas MK, Asghari A, Blyth FM. What do the numbers mean? normative data 
in chronic pain measures. Pain. 2008;134(1-2):158-173. 

149. He S, Wang J, Ji P. Validation of the tampa scale for kinesiophobia for 
temporomandibular disorders (TSK-TMD) in patients with painful TMD. J 
Headache Pain. 2016;17(1):109. 

150. Duchman KR, Westermann RW, Glass NA, Bedard NA, Mather RC, Amendola 
A. Who is performing hip arthroscopy?: an analysis of the American Board of 
Orthopaedic Surgery part-II database. J Bone Joint Surg. 2017;99(24):2103-
2109. 

151. O’Connor M, Minkara AA, Westermann RW, Rosneck J, Lynch TS. Return to 
play after hip arthroscopy: a systematic review and meta-analysis. Am J Sports 
Med. 2018:0363546518759731. 

152. Krych AJ, Thompson M, Knutson Z, Scoon J, Coleman SH. Arthroscopic labral 
repair versus selective labral debridement in female patients with 
femoroacetabular impingement: a prospective randomized study. Arthroscopy. 
2013;29(1):46-53. 

153. Byrd JWT, Jones KS. Hip arthroscopy in high-level baseball players. 
Arthroscopy. 2015;31(8):1507-1510. 

154. Hermesdorf M, Berger K, Baune BT, Wellmann J, Ruscheweyh R, Wersching H. 
Pain sensitivity in patients with major depression: differential effect of pain 



 
97 

sensitivity measures, somatic cofactors, and disease characteristics. J Pain. 
2016;17(5):606-616. 

155. Stubbs B, Aluko Y, Myint PK, Smith TO. Prevalence of depressive symptoms and 
anxiety in osteoarthritis: a systematic review and meta-analysis. Age Ageing. 
2016;45(2):228-235. 

156. Marks R. Comorbid depression and anxiety impact hip osteoarthritis disability. 
Disabil Health J. 2009;2(1):27-35. 

157. Clohisy JC, Carlisle JC, Beaulé PE, Kim YJ, Trousdale RT, Sierra RJ, et al. A 
systematic approach to the plain radiographic evaluation of the young adult hip. J 
Bone Joint Surg. 2008;90(Suppl 4):47. 

158. Duncan CP CJ, Clohisy JC. Radiographic evaluation of the hip. In: The Adult Hip: 
Hip Preservation Surgery. Philadelphia, PA: Wolters Kluwer; 2014. 

159. Weiner RS. Pain management: A practical guide for clinicians. CRC press; 2001. 
160. Nilsdotter AK, Lohmander LS, Klässbo M, Roos EM. Hip disability and 

osteoarthritis outcome score (HOOS) – validity and responsiveness in total hip 
replacement. BMC Musculoskel Disord. 2003;4(1):10. 

161. Jacobs CA, Peabody MR, Duncan ST, Muchow RD, Nunley RM, Clohisy JC, et 
al. Development of the HOOSglobal to assess patient-reported outcomes in 
patients undergoing hip preservation procedures. Am J Sports Med. 
2018;46(4):940-946. 

162. Mokkink LB, Terwee CB, Knol DL, Stratford PW, Alonso J, Patrick DL, et al. The 
COSMIN checklist for evaluating the methodological quality of studies on 
measurement properties: a clarification of its content. BMC Med Res Methodol. 
2010;10(1):22. 

163. Theunissen M, Peters ML, Bruce J, Gramke H-F, Marcus MA. Preoperative 
anxiety and catastrophizing: a systematic review and meta-analysis of the 
association with chronic postsurgical pain. Clin J Pain. 2012;28(9):819-841. 

164. Thomeé P, Währborg P, Börjesson M, Thomeé R, Eriksson B, Karlsson J. Self-
efficacy of knee function as a pre-operative predictor of outcome 1 year after 
anterior cruciate ligament reconstruction. Knee Surg Sports Traumatol Arthrosc. 
2008;16(2):118-127. 

165. Moon L, Backer J. Relationships among self-efficacy, outcome expectancy, and 
postoperative behaviors in total joint replacement patients. Orthop Nurs. 
2000;19(2):77-85. 

166. Sullivan MJ, D'Eon JL. Relation between catastrophizing and depression in 
chronic pain patients. J Abnorm Psychol. 1990;99(3):260. 

167. Edwards RR, Cahalan C, Mensing G, Smith M, Haythornthwaite JA. Pain, 
catastrophizing, and depression in the rheumatic diseases. Nat Rev Rheumatol. 
2011;7(4):216-224. 

168. Maly MR, Costigan PA, Olney SJ. Determinants of self efficacy for physical tasks 
in people with knee osteoarthritis. Arthritis Care Res. 2006;55(1):94-101. 

169. Meesters JJ, Bergman S, Haglund E, Jacobsson L, Petersson IF, Bremander A. 
Prognostic factors for change in self-reported anxiety and depression in 
spondyloarthritis patients: data from the population-based SpAScania cohort 
from southern Sweden. Scand J Rheumatol. 2018;47(3):185-193. 

170. Lintonl SJ, Nicholasl MK, MacDonaldl S, Boersmal K, Bergboml S, Maherl C, et 
al. The role of depression and catastrophizing in musculoskeletal pain. Eur J 
Pain. 2011;15(4):416-422. 

171. Reagan KM, Meister K, Horodyski MB, Werner DW, Carruthers C, Wilk K. 
Humeral retroversion and its relationship to glenohumeral rotation in the shoulder 
of college baseball pitchers. Am J Sports Med. 2002;30(3):354-360. 



 
98 

172. Astolfi MM, Struminger AH, Royer TD, Kaminski TW, Swanik CB. Adaptations of 
the shoulder to overhead throwing in youth athletes. J Athl Train. 2015;50(7):726-
732. 

173. Nepple JJ, Brophy RH, Matava MJ, Wright RW, Clohisy JC. Radiographic 
findings of femoroacetabular impingement in National Football League Combine 
athletes undergoing radiographs for previous hip or groin pain. Arthroscopy. 
2012;28(10):1396-1403. 

174. Agricola R, Heijboer MP, Ginai AZ, Roels P, Zadpoor AA, Verhaar JAN, et al. A 
cam deformity is gradually acquired during skeletal maturation in adolescent and 
young male soccer players: a prospective study with minimum 2-year follow-up. 
Am J Sports Med. 2014;42(4):798-806. 

175. Siebenrock KA, Kaschka I, Frauchiger L, Werlen S, Schwab JM. Prevalence of 
cam-type deformity and hip pain in elite ice hockey players before and after the 
end of growth. Am J Sports Med. 2013;41(10):2308-2313. 

176. Packer JD, Safran MR. The etiology of primary femoroacetabular impingement: 
genetics or acquired deformity? J Hip Preserv Surg. 2015;2(3):249-257. 

177. Robson H, Siebler T, Stevens DA, Shalet SM, Williams GR. Thyroid hormone 
acts directly on growth plate chondrocytes to promote hypertrophic differentiation 
and inhibit clonal expansion and cell proliferation. Endocrinology. 
2000;141(10):3887-3897. 

178. Meulenbelt I, Min JL, Bos S, Riyazi N, Houwing-Duistermaat JJ, Kroon HM, et al. 
Identification of DIO2 as a new suseptibility locus for symptomatic osteoarthritis. 
Hum Mol Genet. 2008;17(12):1867-1875. 

179. Waarsing JH, Kloppenburg M, Slagboom PE, Kroon HM, Houwing-Duistermaat 
JJ, Weinans H, et al. Osteoarthritis suseptibility genes influence the association 
between hip morphology and osteaorthritis. Arthritis Rheum. 2011;63(5):1349-
1354. 

180. Fugger G, Dold M, Bartova L, Kautzky A, Souery D, Mendlewicz J, et al. 
Comorbid thyroid disease in patients with major depressive disorder - results 
from the European Group for the Study of Resistant Depression (GSRD). Eur 
Neuropsychopharmacol. 2018;28(6):752-760. 

181. Galecka E, Talarowska M, Orzechowska A, Gorski P, Bienkiewicz M, Szemraj J. 
Association of the DIO2 gene single nucleotide polymorphisms with recurrent 
depressive disorder. Acta Biochim Pol. 2015;62(2):297-302. 

182. Galecka E, Talarowska M, Maes M, Kuan-Pin S, Gorski P, Kumor-Kisielewska A, 
et al. Expression levels of interferon-gamma and type 2 deiodinase in patients 
diagnosed with recurrent depressive disorders. Pharmacol Rep. 2018;70:133-
138. 

183. Jacobs CA, Christensen CP, Karthikeyan T. Chronic non-orthopedic conditions 
more common in patients with less severe degenerative changes that have 
elected to undergo total knee arthroplasty. J Arthroplasty. 2015;30(7):1146-1149. 

184. Pavlin DJ, Sullivan MJL, Freund PR, Roesen K. Catastrophizing: a risk factor for 
postsurgical pain. Clin J Pain. 2005;21(1):83-90. 

185. Riddle DL, Wade JB, Jiranek WA, Kong X. Preoperative pain catastrophizing 
predicts pain outcome after knee arthroplasty. Clin Orthop Relat Res. 
2010;468(3):798-806. 

186. Guisson L, Janssen K. Depression and self-efficacy are moderators in the 
relationship between disability and pain in persons with frozen shoulder. MS 
thesis. UHasselt; 2018. 

187. Guite JW, McCue RL, Sherker JL, Sherry DD, Rose JB. Relationships among 
pain, protective parental responses, and disability for adolescents with chronic 



 
99 

musculoskeletal pain: the mediating role of pain catastrophizing. Clin J Pain. 
2011;27(9):775-781. 

188. Hwang CT, Van Dillen LR, Haroutounian S. Do changes in sensory processing 
precede low back pain development in healthy individuals? Clin J Pain. 
2018;34(6):525-531. 

189. Kvist J, Ek A, Sporrstedt K, Good L. Fear of re-injury: a hindrance for returning to 
sports after anterior cruciate ligament reconstruction. Knee Surg Sports 
Traumatol Arthrosc. 2005;13(5):393-397. 

190. Chmielewski TL, George SZ. Fear avoidance and self-efficacy at 4 weeks after 
ACL reconstruction are associated with early impairment resolution and 
readiness for advanced rehabilitation. Knee Surg Sports Traumatol Arthrosc.  
2018:1-8. 

191. Louw A, Zimney K, Puentedura EJ, Diener I. The efficacy of pain neuroscience 
education on musculoskeletal pain: A systematic review of the literature. 
Physiother Theory Pract. 2016;32(5):332-355. 

192. Lim YC, Yobas P, Chen HC. Efficacy of relaxation intervention on pain, self-
efficacy, and stress-related variables in patients following total knee replacement 
surgery. Pain Manag Nurs. 2014;15(4):888-896. 

193. Woby SR, Roach NK, Urmston M, Watson PJ. Psychometric properties of the 
TSK-11: a shortened version of the Tampa Scale for Kinesiophobia. Pain. 
2005;117(1-2):137-144. 

194. George SZ, Valencia C, Beneciuk JM. A psychometric investigation of fear-
avoidance model measures in patients with chronic low back pain. J Orthop 
Sports Phys Ther. 2010;40(4):197-205. 

195. Briet JP, Houwert RM, Hageman M, Hietbrink F, Ring DC, Verleisdonk E. Factors 
associated with pain intensity and physical limitations after lateral ankle sprains. 
Injury. 2016;47(11):2565-2569. 

196. Arranz LI, Rafecas M, Alegre C. Effects of obesity on function and quality of life 
in chronic pain conditions.Curr Rheumatol Rep. 2014;16(1):390. 

197. Bandura A. Self-efficacy: toward a unifying theory of behavioral change. Psychol 
Rev. 1977;84(2):191-215. 

198. Griffin DR, Dickensen EJ, Hobson R, Realpe A, Parsons N, Achana F, et al. Hip 
arthroscopy compared to best conservative care for the treatment of 
femoroacetabular impingement syndrome: a randomised controlled trial (UK 
FASHIoN). Osteoarthr Cartil. 2018;26:S24-S25. 

199. Hunt D, Prather H, Hayes MH, Clohisy JC. Clinical outcomes analysis of 
conservative and surgical treatment of patients with clinical indications of 
prearthritic, intra-articular hip disorders. PM&R. 2012;4(7):479-487. 

200. Coppack RJ, Kristensen J, Karageorghis CI. Use of a goal setting intervention to 
increase adherence to low back pain rehabilitation: a randomized controlled trial. 
Clin Rehabil. 2012;26(11):1032-1042. 

201. Vong SK, Cheing GL, Chan CC, Chan F, Leung AS. Measurement structure of 
the Pain Self-Efficacy Questionnaire in a sample of Chinese patients with chronic 
pain. Clin Rehabil. 2009;23(11):1034-1043. 

202. Chiarotto A, Vanti C, Cedraschi C, Ferrari S, de Lima e Sa Resende F, Ostelo 
RW, et al. Responsiveness and minimal important change of the pain self-
efficacy questionnaire and short forms in patients with chronic low back pain. J 
Pain. 2016;17(6):707-718. 

203. Nilsson J. Lower extremity function in patients following hip arthroscopy and an 
asymptomatic control group. A cross-sectional comparison based on self-



 
100 

reported outcomes and performance based measures. MS thesis. Linnaeus 
Univeristy; 2017. 

204. Szeverenyi C, Kekecs Z, Johnson A, Elkins G, Csernatony Z, Varga K. The use 
of adjunct psychosocial interventions can decrease postoperative pain and 
improve the quality of clinical care in orthopedic surgery: a systematic review and 
meta-analysis of randomized controlled trials. J Pain. 2018. 

205. Denison E, Åsenlöf P, Lindberg P. Self-efficacy, fear avoidance, and pain 
intensity as predictors of disability in subacute and chronic musculoskeletal pain 
patients in primary health care. Pain. 2004;111(3):245-252. 

206. Ayre M, Tyson G. The role of self-efficacy and fear-avoidance beliefs in the 
prediction of disability. Aust Psychol. 2001;36(3):250-253. 

207. Turner JA, Anderson ML, Balderson BH, Cook AJ, Sherman KJ, Cherkin DC. 
Mindfulness-based stress reduction and cognitive behavioral therapy for chronic 
low back pain: similar effects on mindfulness, catastrophizing, self-efficacy, and 
acceptance in a randomized controlled trial. Pain. 2016;157(11):2434-2444. 

208. Larson CM, Giveans MR, Samuelson KM, Stone RM, Bedi A. Arthroscopic hip 
revision surgery for residual femoroacetabular impingement (FAI): surgical 
outcomes compared with a matched cohort after primary arthroscopic FAI 
correction. Am J Sports Med. 2014;42(8):1785-1790. 

209. Zale EL, Ring D, Vranceanu AM. The future of orthopaedic care: promoting 
psychosocial resiliency in orthopaedic surgical practices. J Bone Joint Surg. 
2018;100(13):e89. 

210. Westenberg RF, Zale EL, Heinhuis TJ, Ozkan S, Nazzal A, Lee SG, et al. Does a 
brief mindfulness exercise improve outcomes in upper extremity patients? A 
randomized controlled trial. Clin Orthop Relat Res. 2018;476(4):790-798. 

211. Lluch E, Dueñas L, Falla D, Baert I, Meeus M, Sanchez-Frutos J, et al. 
Preoperative pain neuroscience education combined with knee joint mobilization 
for knee osteoarthritis: a randomized controlled trial. Clin J Pain. 2018;34(1):44-
52. 

212. Fischerauer SF, Talaei-Khoei M, Bexkens R, Ring DC, Oh LS, Vranceanu AM. 
What is the relationship of fear avoidance to physical function and pain intensity 
in injured athletes? Clin Orthop Relat Res. 2018;476(4):754-763. 

213. Sanchez-Heran A, Agudo-Carmona D, Ferrer-Pena R, Lopez-de-Uralde-
Villanueva I, Gil-Martinez A, Paris-Alemany A, et al. Postural stability in 
osteoarthritis of the knee and hip: analysis of association with pain 
catastrophizing and fear-avoidance beliefs. PM&R. 2016;8(7):618-628. 

214. Ferrer-Pena R, Moreno-Lopez M, Calvo-Lobo C, Lopez-de-Uralde-Villanueva I, 
Fernandez-Carnero J. Relationship of dynamic balance impairment with pain-
related and psychosocial measures in primary care patients with chronic greater 
trochanteric pain syndrome. Pain Med. 2018. 

 
  



 
101 

VITA: KATE NICHOLE JOCHIMSEN, MS, LAT, ATC 
 
EDUCATION 
 
University of Kentucky; Lexington, KY 2018 (expected) 

Ph.D. in Rehabilitation Sciences 
Successful defense date: November 16th, 2018 
Dissertation: The Role of Psychosocial Factors on Pre and Postoperative Pain in 
Patients with Femoral Acetabular Impingement 

 
Florida International University (FIU); Miami, FL 2012                                                         
 M.S. in Athletic Training   

 
University of Wisconsin- Green Bay (UWGB); Green Bay, WI 2010                           

B.S. in Human Biology with an emphasis in Exercise Science  
 
HONORS AND AWARDS         
   
2015- 2018 Doctoral Research Assistantship                              

University of Kentucky Rehabilitation Sciences Department  
 

2014  Award for Research in Medical Education     
             Aurora BayCare Medical Center - Green Bay, WI 

 
2011-2012 Graduate Assistantship                                         

FIU Athletic Training Education Department  
Responsibilities included research, administration, CAATE reaccreditation  

   
2012  Academic Excellence Award                  
  FIU Athletic Training Education Department 

Highest grade point average in the graduating class (3.98) 
  

2011  Arnold S. Friedman Memorial Scholarship                     
            FIU College of Nursing and Health Sciences  
 
PEER REVIEWED PUBLICATIONS 
 

1. Picha KJ, Jochimsen KN, Heebner N. Abt JP. Usher E. Capilouto G. Uhl TL. 
Measurements of Self-Efficacy in Musculoskeletal Rehabilitation: a Systematic 
Review. Musculoskeletal Care. 2018.  
 

2. Jochimsen KN, Malempati CS, Jacobs CA, Duncan ST. A Systematic Review of 
Return to Sport Following Arthroscopic Treatment of Labral Tears in Competitive 
Athletes. Athletic Training & Sports Health Care. 2018.  
 

3. Jochimsen KN, Conley CEW, Malempati CS, Jacobs CA, Mattacola CG, 
Lattermann C. Meniscus Transplantation: A Systematic Review of Return-to-Play 
Rates. Athletic Training and Sports Health Care. 2018;10(2):76-81. 
 

4. Jacobs CA, Burnham JM, Jochimsen KN, Molina IV D, Hamilton DA, Duncan 
ST. Preoperative Symptoms in Femoroacetabular Impingement Patients Are 



 
102 

More Related to Mental Health Scores Than the Severity of Labral Tear or 
Magnitude of Bony Deformity. The Journal of Arthroplasty. 2017;32(12):3603-
3606.  
 

5. Lattermann C, Jacobs CA, Bunnell MP, Jochimsen KN, Abt JP, Reinke EK, 
Gammon LG, Huebner JL, Kraus VB, Spindler KP. Logistical challenges and 
design considerations for studies using acute anterior cruciate ligament injury as 
a potential model for early posttraumatic osteoarthritis. Journal of Orthopaedic 
Research. 2017;35(3):641-650. 
 

6. Yde R, Jochimsen KN, Goddard J. Conservative Management for a Traumatic 
Cervical Spine Cycling Injury. Journal of Science and Cycling. 2015;4(1):3. 

 
MANUSCRIPTS SUBMITTED FOR PUBLICATION 
 

1. Jochimsen KN, Pelton MR, Mattacola CG, Huston LJ, Reinke EK, Spindler KP, 
Lattermann C, Jacobs CA. Preoperative Pain Catastrophizing Scores Not 
Predictive of Outcomes After Anterior Cruciate Ligament Reconstruction. Journal 
of Sport Rehabilitation. In review. 

 
2. Jochimsen KN, Magnuson JA, Mattacola CG, Noehren B, Duncan ST, Jacobs 

CA. Mental Health Disorders in Hip Arthroscopy: a Comparison of Preoperative 
Factors. The Journal of Hip Preservation Surgery. In review. 
 

3. Jochimsen KN, Mattacola CG, Noehren B, Duncan ST, Picha KJ, Jacobs CA. 
Low Self-Efficacy is Predictive of Worse Preoperative Pain in Patients with 
Femoral Acetabular Impingement. Journal of Arthroplasty. In review.  

 
MANUSCRIPTS IN PREPARATION 

 
1. Jochimsen KN, Mattacola CG, Noehren B, Duncan ST, Jacobs CA. Low self-

efficacy and mental health disorders predict persistent postoperative pain 3 
months following hip arthroscopy. In preparation.  
 

2. Conley CEW, Howard JS, Jochimsen KN, Olson AD, Dressler EV, Lattermann 
C, Mattacola CG. A Comparison of Neuromuscular Electrical Stimulation (NMES) 
Parameters for Postsurgical Quadriceps Strength in Patients After Knee Surgery: 
A Systematic Review. In preparation.  
 

3. Jochimsen KN, Conley CE, Jacobs CA. A Model for Improving Patient Reported 
Outcomes in Patients with Femoral Acetabular Impingement and Varying 
Attachment Styles. In preparation. 
 

4. Jochimsen KN, Duncan ST, Jacobs CA. Improving Access to Underserved 
Populations: The Validation of a Likert Scale Version of the iHOT 12. In 
preparation.  
 

5. Jochimsen KN, Jacobs CA, Mattacola CG. Kinesiology of the Hip (Book 
chapter). In preparation. 
 

6. Duncan ST, Jochimsen KN, Nzgewu I, Jacobs CA. Assessing the Role of 



 
103 

Synovitis in Femoroacetabular Impingement. In preparation.  
 

7. Mechas C, Jochimsen KN, Jacobs CA, Duncan ST. The Relationship Between 
Preoperative Symptoms and Sexual Activity in Patients with Femoral Acetabular 
Impingement. In preparation.  

 
GRADUATE STUDENT MENTORSHIP 
 
2015-2017 Margaret Pelton  

Thesis: Effects of Pain Catastrophizing on Patient Reported Knee 
Function After Index Anterior Cruciate Ligament Reconstruction 

 
2016-2018 Kelsea Kocan 

Thesis: Are High Preoperative Pain Catastrophizing Scores Associated 
with a Longer Duration of Symptoms in Patients Undergoing Hip 
Arthroscopy? 

 
2016-2018 Autumn Overhiser 

Thesis: Validation of a 2-D Step Down Test in Post Hip Arthroscopy 
Patients 

 
ACADEMIC APPOINTMENTS 
 
2013-2015 University of Wisconsin, Green Bay, Department of Human Biology  
   Associate Lecturer   
 
TEACHING  
 
2016-2018 University of Kentucky, Department of Athletic Training  
   AT 695- Lower Extremity   
 
2016-2018 University of Kentucky, Department of Athletic Training 
   AT 740- Cadaver Anatomy   
 
2016-2018 University of Kentucky, Department of Physical Therapy  
   PT 686- Athletic Taping   
 
2013-2015 University of Wisconsin, Green Bay, Department of Human Biology  
   Hum Bio 210- Prevention and Treatment of Athletic Injuries  

                                      
PERSONAL INFORMATION 
 
Birthplace: Auburn, Washington 
 
 


	THE ROLE OF PSYCHOSOCIAL FACTORS ON PRE AND POSTOPERATIVE PAIN IN PATIENTS WITH FEMORAL ACETABULAR IMPINGEMENT
	Recommended Citation

	Title Page
	Abstract of Dissertation
	Cover Sheet
	Acknowledgements
	Table of Contents
	List of Tables
	List of Figures
	List of Images
	Chapter 1: Introduction
	Chapter 2: Literature Review
	Chapter 3: Mental Health Disorders in Hip Arthroscopy: A Comparison of Preoperative Factors
	Chapter 4: Low Self-Efficacy is Predictive of Worse Preoperative Pain in Patients with Femoral Acetabular Impingement
	Chapter 5: Low Self-Efficacy and Mental Health Disorders Predict Persistent Postoperative Pain 3 Months Following Hip Arthroscopy
	Chapter 6: Summary
	References
	Vita

