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Sharmila Majumdar, PhD2, Richard B. Souza, PT PhD2, Thomas P. Vail, MD1, Alan L. Zhang, 
MD1,*

1Department of Orthopaedic Surgery, University of California– San Francisco, San Francisco, 
California, USA.

2Musculoskeletal and Quantitative Imaging Research Group, Department of Radiology and 
Biomedical Imaging, University of California–San Francisco, San Francisco, California, USA.

Abstract

The relationship between morphological characteristics of the hip capsule and patient symptoms in 

the setting of femoroacetabular impingement (FAI) is undefined. In this study, patients with 

symptomatic FAI prospectively underwent 3T MRI of the affected hip and completed the Hip 

disability and Osteoarthritis Outcome Score (HOOS) to determine the correlation between hip 

capsule anatomy and patient symptoms. Anterior hip capsule volume, posterior capsule volume, 

anterior-posterior capsule volume ratio, and proximal-distal volume ratio in the anterior capsule 

were quantified and measured using axial-oblique intermediate-weighted 3D fast spin echo MR 

images. 35 patients (35 hips) were included for analysis (mean age, 30.6 years; mean body mass 

index [BMI], 24.9 kg/m2; 57% male). The mean alpha angle was 62.2° ± 4.7°, the mean anterior 

hip capsule volume was 1705.1 ± 450.3mm3, the mean posterior hip capsule volume was 1284.8 ± 

268.5 mm3, the mean anterior to posterior capsule volume ratio was 1.1 ± 0.39, and the mean 

proximal to distal volume ratio of the anterior capsule was 0.65 ± 0.28. There was no correlation 

between age, gender, or BMI and any hip capsule characteristics. Worse scores on the HOOS pain 

scale were correlated with increased anterior to posterior volume ratio (r = −0.38; 95% CI, −0.06 

to −0.63). In conclusion, hip capsule morphology correlates with patient symptoms in the setting 

of FAI as increased anterior capsular volume, relative to posterior capsular volume, is associated 

with greater patient pain.
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Introduction

Femoroacetabular impingement (FAI) is an increasingly recognized cause of hip pain. FAI 

results from abnormal morphology of the proximal femur and acetabulum, which causes 

chondral and labral damage and accelerated joint degeneration.1–3 Surgical management of 

FAI is often required for symptomatic patients who fail conservative treatment and involves 

restoring the anatomic relationships between bony and soft tissue structures in the joint. Hip 

arthroscopy for FAI has been shown to produce significant improvements in pain and 

function,4 and there has been a dramatic rise in its utilization for the management of FAI, 

labral tears, and chondral injuries over the past decade.5,6

With this growth in surgical treatment of FAI has come controversy surrounding the 

management of the hip capsule during arthroscopy. Most surgeons use an interportal 

capsulotomy, where a transverse incision is made connecting two established arthroscopy 

portals in the anterior hip capsule.7 Others perform a T-capsulotomy, which involves an 

additional longitudinal incision along the length of the femoral neck. This approach is 

particularly useful in the management of distal cam lesions8 but may require capsular repair 

to preserve stability.9 Another strategy, periportal capsulotomy, involves dilation of 

established portals without connecting them, which preserves the iliofemoral ligament.10,11 

Despite various theoretical advantages to each of these approaches, there is currently no 

consensus on proper capsule management for hip arthroscopy.7

Of the ligaments comprising the hip capsule, the iliofemoral ligament is the strongest12 and 

plays a significant role in hip stability.13 As such, there is increasing interest in the 

relationship between hip capsule anatomy and the development and symptomology of FAI. 

One study suggests the thickness and tension of the iliofemoral ligament may contribute to 

the development of cam deformities in FAI.14 Another study demonstrates that increased 

anterior hip capsule thickness is correlated with decreased range of motion in FAI patients,15 

while a systematic review shows a thinner anterior capsule is associated with clinical hip 

laxity.16 Still, relatively little is known about how hip capsule characteristics affect patient-

reported outcomes (PRO) scores in FAI, including pain, symptoms, and function. A deeper 

understanding of this relationship holds the potential to improve surgical planning and 

management of patients as correlation of hip capsule morphology with patient symptoms 

can help direct surgical techniques for capsular management such as the type of 

capsulotomy used for hip arthroscopy access (periportal, interportal, or T-capsulotomy) and 

whether capsule closure is necessary.10

The purpose of this study is to correlate hip capsule morphological characteristics, including 

volume and thickness, with patient-reported symptoms in a population of FAI patients. We 

hypothesize that increased anterior hip capsule thickness will be associated with increased 

pain in patients with FAI.
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Methods

Patient Cohort

Patients with symptomatic FAI from the hip preservation center of a single tertiary-referral 

institution were prospectively enrolled in this Level II cohort analysis,. The study protocol 

was reviewed and approved by the institutional review board, and written informed consent 

was obtained prior to enrollment. Age, BMI, and sex were recorded. Patients were eligible 

for inclusion if they were aged 18 to 50 years, had a BMI < 30 kg/m2, no radiographic 

findings of joint space narrowing (Tonnis grade 0 or 1), no radiographic signs for pincer 

lesions (all patients had lateral center edge angle <40 and no cross-over sign), no signs of 

joint laxity (Beighton score <4) and were diagnosed with symptomatic cam-type FAI (alpha 

angle >55 degrees) that was refractory to at least 6 weeks of conservative treatment 

including activity modification, physical therapy, and/or corticosteroid injections. Patients 

with abnormal pathology of the femur such as slipped capital femoral epiphysis or Perthes 

disease were excluded. A cohort of cam-type FAI patients were enrolled to decrease 

variability in inherent capsule anatomy that may arise from patients with pincer-type FAI, 

coxa profunda and/or acetabular retroversion.

MR Imaging

All patients underwent preoperative magnetic resonance imaging with standard sequences of 

the affected hip at the study institution using a 3-Tesla MRI scanner with an 8-channel 

cardiac coil (GE Healthcare). The imaging protocol included (1.) an isotropic 3D 

intermediate-weighted fast spin echo (FSE) sequence, which was acquired in the coronal 

plane, with a voxel size of 0.8×0.8×0.8 mm, a field of view (FOV) of 15.3 cm, echo time 

(TE) of 60 ms and repetition time (TR) of 2400–3700 ms, and (2.) a coronal 2D fat-

suppressed intermediate-weighted FSE sequence with a slice thickness of 4.0mm, a FOV of 

18.0 cm, TE of 60 ms, TR of 2400 to 3700 ms, matrix size = 512×512 pixels with a resulting 

in plane spatial resolution of 0.35×0.35 mm. The isotropic 3D sequence was reconstructed in 

the oblique axial, axial and sagittal planes with a slice thickness of 4 mm and an in plane 

spatial resolution of 0.8×0.8 mm resulting in a voxel size 0.8×0.8×4 mm.

Image and Segmentation Analysis

Segmentation analysis was performed using the oblique axial reformations of the 

intermediate weighted 3D FSE sequence (pixel size 0.8×0.8mm in plane and 4 mm slice 

thickness) using the Image Processing Package software (IPP, version 6.43.01) developed by 

Musculoskeletal Quantitative Imaging Research in the Department of Radiology and 

Biomedical Imaging at the University of California, San Francisco to quantify hip capsule 

volume. Within IPP, a region of interest (ROI) is manually highlighted and selected. The IPP 

software is used for segmentation as it quantifies each voxel within the ROI, thereby 

allowing for volume to be calculated. Three consecutive central slices were identified for 

each patient centered at the widest diameter of the femoral head on the oblique axial plane 

for the first slice followed by an adjacent slice superior and an adjacent slice inferior. The 

total and mean segmentation volume for each series of slices was calculated using the IPP 

software. Anterior hip capsule volume (Figure 1), posterior hip capsule volume, proximal-

distal volume ratio (defined at midpoint) in the anterior hip capsule (Figure 2), anterior-
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posterior hip capsule volume ratio (Figure 3), as well as alpha angle were measured. 

Intraclass correlation coefficient (ICC) estimates and 95% confidence intervals were 

calculated using IBM SPSS Statistics software for intra-rater reliability based on a single 

rater, consistency, two-way mixed effects model, and inter-rater reliability based on a 

multiple rater, consistency, two-way mixed effects model. Intra-rater reliability was 

performed 3 weeks apart on 10 out of 35 patients by a single rater trained by two 

musculoskeletal radiologists. and found to be 0.915 (CI 0.839–0.955). Inter-rater reliability 

was performed on 10 samples by two raters trained in the same fashion and found to be 

0.922 (CI 0.836–0.963).

Self-Reported Outcomes

Preoperatively, patients completed the Hip disability and Osteoarthritis Outcome Score 

(HOOS), a valid and reliable measurement of clinical outcomes in patients with FAI.17 The 

HOOS was used as it is an in-depth score that provides information on specific functional 

outcomes after hip surgery and includes 5 subscales: symptoms, pain, activities of daily 

living (ADL), sport, and quality of life (QOL).18,19 All data were collected in REDcap 

(version 7.0.19; Vanderbilt University).

Statistical analysis

A power analysis was performed a priori using data from previous studies correlating 

patient-reported HOOS results with quantitative MRI findings that demonstrated a sample 

size of 32 for alpha = 0.05 and beta = 0.80.20 Correlation analyses were performed to 

evaluate the association between PRO scores and alpha angle, anterior hip capsule volume, 

posterior hip capsule volume, anterior to posterior capsular volume ratio and proximal to 

distal anterior capsular volume ratio. Pearson correlation coefficients (r) were obtained for 

correlations between continuous variables such as anterior hip capsule volume and PRO 

scores. All statistical analyses were performed on IBM SPSS Statistics software with 

significance set to P < 0.05. The 95% confidence intervals on all calculated correlations 

were included.

Results

Patient Cohort

A total of 35 patients (35 hips) were enrolled for the study. The cohort included 20 men 

(57%) and 15 women (43%). Patient demographics and capsule morphologic characteristics 

are listed in Table 1, with values +/− standard deviation. There was no correlation between 

age or BMI and any hip capsule characteristics (Table 2).

Correlation with PRO scores

With respect to PRO scores, lower (worse) scores on the HOOS Pain subscale (R = −0.38, P 

= 0.02, CI −0.06 to −0.63) were correlated with increased anterior to posterior capsule 

volume ratio (Figure 4A and B), which means that a thicker anterior relative to the posterior 

capsule is related to worse patient pain symptoms (Figure 5). HOOS scores did not 

demonstrate any significant correlations with anterior hip capsule volume, proximal to distal 
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capsule volume ratio, or alpha angle with respect to all subscales including pain, symptoms, 

ADL, sports or QOL (Table 2).

Discussion

In FAI, there is an increasing recognition of the hip capsule and the role it may play in 

disease development and progression.14,15,21 However, there is a paucity of research 

investigating its connection with patient symptoms in this population. The purpose of this 

study was to analyze the relationship between structural hip capsule characteristics and PRO 

scores in patients with FAI. We found that increased anterior hip capsule volume, relative to 

posterior hip capsule volume, was associated with increased pain in FAI patients.

The anterior hip capsule is comprised primarily of the iliofemoral ligament, which has been 

characterized as one of the strongest ligaments in the body. We found that the mean anterior 

to posterior hip capsule volume ratio in this cohort was nearly 1. However, the range of 

values for this ratio varied from 0.5 to 2. We also found a weak but statistically significant 

negative correlation (R = −0.38, P = 0.02)22 between pain score and anterior to posterior hip 

capsule volume indicating that increased thickness of the iliofemoral ligament cause 

increased pain levels in patients with FAI. Previous studies have shown that, at the femoral 

head-neck junction, capsular thickness is greatest anterosuperiorly in FAI hips,21 whereas 

normal hips are thickest posterosuperiorly.23 Further, studies have reported that increased 

thickness of the anterior hip capsule is associated with decreased range of motion in FAI 

patients15 and may play a role in the development of cam deformities.14

However, since increasing anterior capsule volume in isolation did not demonstrate any 

correlation with symptoms, it appears that the combination of a thicker anterior capsule with 

a thinner posterior capsule is the most important factor in patient-reported pain. Although 

this correlation between pain and anterior to posterior capsule volume is classified as weak, 

it is a statistically and clinically significant finding that indicates a relationship exists. To our 

knowledge, capsule morphology has not been correlated with any clinical symptoms in 

previous research. Prior studies have found an association between FAI and posterior hip 

instability,24–26 proposing that interaction between a cam lesion and the anterosuperior 

acetabulum during hip flexion causes the femoral head to lever out posteriorly, creating 

subluxation and laxity in the posterior hip capsule. Our findings correlating pain with a 

thicker anterior and thinner posterior capsule may further substantiate this phenomenon. A 

thicker anterior hip capsule may exacerbate physical impingement on the labrum and 

femoral head-neck junction during hip flexion, which may, in turn, cause greater posterior 

microinstability and result in increased pain, especially in patients with thinner posterior 

capsules.

There was no correlation between the ratio of proximal to distal volume of the anterior hip 

capsule and PRO scores. We investigated whether the shape of the anterior hip capsule 

affected symptoms, as we hypothesized a thicker proximal volume near the labrum may be 

more symptomatic than a thicker distal volume near the trochanter. However, there was no 

relationship here, and it appears the overall volume of the anterior capsule relative to the 

posterior capsule demonstrates the strongest association with patient pain. Moreover, alpha 
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angle did not correlate with any PRO scores. Previous studies have reported an association 

between higher alpha angles and increased pain in FAI.27,28 We did not find this correlation 

in our study, likely because included patients all had large cam lesions with high alpha 

angles (average 62°, range 55–72°), whereas previous studies included patients with a much 

broader range of alpha angles.

We also found no correlation between age, gender, or BMI and hip capsule characteristics. 

Our results are consistent with another study showing no correlation between age and hip 

capsular thickness.15 Other reports have shown that in FAI patients, men have thicker 

capsules than women, particularly anterosuperiorly.15,21 This observation is likely due to 

men being generally larger than females as well as the increased prevalence of cam 

deformity in men.29–31 All patients in our study had a significant cam deformity, while 

previous studies included patients with cam or pincer type deformities, which may explain 

the difference in results.

Our study is subject to several limitations. First, the hip capsule is a dynamic 3-dimensional 

structure and measuring it with 2-dimensional MRI does not reflect the full morphology of 

the capsule. We used 3 consecutive axial slices centered on the slice with the widest 

diameter of the femoral head, which, on standard MRI sequences of the hip, demonstrate the 

anterior and posterior structures reliably. Segmentation of these slices provide multiple 

cross-sectional samples of the capsule for volumetric analysis but not the full volume of the 

capsule. However, emphasis should not be placed on the absolute volume measurements 

from our study but rather the ratios of volumes (between anterior and posterior and proximal 

and distal capsule) as these measurements are a better representation of capule morphology. 

This study also included only cam-type FAI, and it is a goal for future studies to investigate 

the hip capsule characteristics in pincer-type FAI. Finally, we used a small cohort of 35 

patients for this pilot investigation, but it was powered to >80% and we aim to expand on 

this work in the future. Our study demonstrates the feasibility of this process and provides 

the groundwork for future research, such as evaluating the effects of different hip 

arthroscopy techniques, including capsulotomy type and decision to repair capsulotomies, 

on postoperative hip capsule characteristics and patient outcomes.

Conclusion

Hip capsule morphology correlates with patient symptoms in the setting of FAI. Increased 

anterior capsular volume, relative to posterior capsular volume, is associated with greater 

pain in patients with FAI.

Acknowledgements

This study was funded by grants from National Institute of Arthritis and Musculoskeletal and Skin Diseases; Grant 
numbers: F32 AR069458, P50 AR060752 and the American Orthopaedic Society for Sports Medicine; Grant 
number: YIG-2016-1. Our authors do not have any conflicts of interest related to the work in this study. Our 
clinicians do work with industry for consulting work that are not related to this study. Those disclosures are as 
follows- Dr. Alan Zhang- Consultant for Stryker, Dr. Thomas Vail- Consulting fees/royalties from Depuy Synthes, 
Dr. Thomas Link- consulting fees from Pfizer, Regeneron.

Funding: This study was funded by NIH/NIAMS; Grant numbers: F32 AR069458, P50 AR060752, and the 
American Orthopaedic Society for Sports Medicine (YIG-2016-1)

Shaw et al. Page 6

J Orthop Res. Author manuscript; available in PMC 2022 March 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



References

1. Ganz R, Parvizi J, Beck M, Leunig M, Notzli H, Siebenrock KA. Femoroacetabular impingement: a 
cause for osteoarthritis of the hip. Clinical orthopaedics and related research. 2003(417):112–120.

2. Sankar WN, Nevitt M, Parvizi J, Felson DT, Agricola R, Leunig M. Femoroacetabular 
impingement: defining the condition and its role in the pathophysiology of osteoarthritis. The 
Journal of the American Academy of Orthopaedic Surgeons. 2013;21 Suppl 1:S7–s15. [PubMed: 
23818194] 

3. Reichenbach S, Leunig M, Werlen S, Nuesch E, Pfirrmann CW, Bonel H, Odermatt A, Hofstetter W, 
Ganz R, Juni P. Association between cam-type deformities and magnetic resonance imaging-
detected structural hip damage: a cross-sectional study in young men. Arthritis and rheumatism. 
2011;63(12):4023–4030. [PubMed: 21904996] 

4. Chambers CC, Zhang AL. Outcomes for Surgical Treatment of Femoroacetabular Impingement in 
Adults. Current reviews in musculoskeletal medicine. 2019:271–280. [PubMed: 31292893] 

5. Zhang AL, Feeley BT. Editorial Commentary: The Rise of Hip Arthroscopy: Temporary Trend or 
Here to Stay? Arthroscopy : the journal of arthroscopic & related surgery : official publication of the 
Arthroscopy Association of North America and the International Arthroscopy Association. 
2018;34(6):1831–1832.

6. Sing DC, Feeley BT, Tay B, Vail TP, Zhang AL. Age-Related Trends in Hip Arthroscopy: A Large 
Cross-Sectional Analysis. Arthroscopy : the journal of arthroscopic & related surgery : official 
publication of the Arthroscopy Association of North America and the International Arthroscopy 
Association. 2015;31(12):2307–2313.e2302.

7. Ekhtiari S, de Sa D, Haldane CE, Simunovic N, Larson CM, Safran MR, Ayeni OR. Hip 
arthroscopic capsulotomy techniques and capsular management strategies: a systematic review. 
Knee surgery, sports traumatology, arthroscopy : official journal of the ESSKA. 2017;25(1):9–23.

8. Camp CL, Reardon PJ, Levy BA, Krych AJ. Creating and Closing the T-Capsulotomy for Improved 
Visualization During Arthroscopic Treatment of Femoroacetabular Impingement. Arthroscopy 
techniques. 2015;4(6):e731–735. [PubMed: 26870654] 

9. Weber AE, Neal WH, Mayer EN, Kuhns BD, Shewman E, Salata MJ, Mather RC, Nho SJ. Vertical 
Extension of the T-Capsulotomy Incision in Hip Arthroscopic Surgery Does Not Affect the Force 
Required for Hip Distraction: Effect of Capsulotomy Size, Type, and Subsequent Repair. The 
American journal of sports medicine. 2018;46(13):3127–3133. [PubMed: 30307738] 

10. Chambers CC, Monroe EJ, Flores SE, Borak KR, Zhang AL. Periportal Capsulotomy: Technique 
and Outcomes for a Limited Capsulotomy During Hip Arthroscopy. Arthroscopy : the journal of 
arthroscopic & related surgery : official publication of the Arthroscopy Association of North 
America and the International Arthroscopy Association. 2019;35(4):1120–1127.

11. Monroe EJ, Chambers CC, Zhang AL. Periportal Capsulotomy: A Technique for Limited Violation 
of the Hip Capsule During Arthroscopy for Femoroacetabular Impingement. Arthroscopy 
techniques. 2019;8(2):e205–e208. [PubMed: 30906690] 

12. Hewitt JD, Glisson RR, Guilak F, Vail TP. The mechanical properties of the human hip capsule 
ligaments. J Arthroplasty. 2002;17(1):82–89. [PubMed: 11805930] 

13. Myers CA, Register BC, Lertwanich P, Ejnisman L, Pennington WW, Giphart JE, LaPrade RF, 
Philippon MJ. Role of the acetabular labrum and the iliofemoral ligament in hip stability: an in 
vitro biplane fluoroscopy study. The American journal of sports medicine. 2011;39 Suppl:85s–91s. 
[PubMed: 21709037] 

14. Lee CB, Spencer HT, Nygaard KF. Femoral cam deformity due to anterior capsular force: A 
theoretical model with MRI and cadaveric correlation. Journal of orthopaedics. 2016;13(4):331–
336. [PubMed: 27418747] 

15. Zhang K, de Sa D, Yu H, Choudur HN, Simunovic N, Ayeni OR. Hip capsular thickness correlates 
with range of motion limitations in femoroacetabular impingement. Knee surgery, sports 
traumatology, arthroscopy : official journal of the ESSKA. 2018;26(10):3178–3187.

16. Kay J, Memon M, Rubin S, Simunovic N, Nho SJ, Belzile EL, Ayeni OR. The dimensions of the 
hip capsule can be measured using magnetic resonance imaging and may have a role in 

Shaw et al. Page 7

J Orthop Res. Author manuscript; available in PMC 2022 March 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



arthroscopic planning. Knee surgery, sports traumatology, arthroscopy : official journal of the 
ESSKA. 2018.

17. Kemp JL, Collins NJ, Roos EM, Crossley KM. Psychometric properties of patient-reported 
outcome measures for hip arthroscopic surgery. The American journal of sports medicine. 
2013;41(9):2065–2073. [PubMed: 23835268] 

18. Newman JT, Briggs KK, McNamara SC, Philippon MJ. Revision Hip Arthroscopy: A Matched-
Cohort Study Comparing Revision to Primary Arthroscopy Patients. The American journal of 
sports medicine. 2016;44(10):2499–2504. [PubMed: 27307496] 

19. White BJ, Patterson J, Herzog MM. Bilateral Hip Arthroscopy: Direct Comparison of Primary 
Acetabular Labral Repair and Primary Acetabular Labral Reconstruction. Arthroscopy : the journal 
of arthroscopic & related surgery : official publication of the Arthroscopy Association of North 
America and the International Arthroscopy Association. 2018;34(2):433–440.

20. Grace T, Samaan MA, Souza RB, Link TM, Majumdar S, Zhang AL. Correlation of Patient 
Symptoms With Labral and Articular Cartilage Damage in Femoroacetabular Impingement. 
Orthop J Sports Med. 2018;6(6):2325967118778785.

21. Weidner J, Buchler L, Beck M. Hip capsule dimensions in patients with femoroacetabular 
impingement: a pilot study. Clinical orthopaedics and related research. 2012;470(12):3306–3312. 
[PubMed: 22810156] 

22. Schober P, Boer C, Schwarte LA. Correlation Coefficients: Appropriate Use and Interpretation. 
Anesthesia and analgesia. 2018;126(5):1763–1768. [PubMed: 29481436] 

23. Walters BL, Cooper JH, Rodriguez JA. New findings in hip capsular anatomy: dimensions of 
capsular thickness and pericapsular contributions. Arthroscopy : the journal of arthroscopic & 
related surgery : official publication of the Arthroscopy Association of North America and the 
International Arthroscopy Association. 2014;30(10):1235–1245.

24. Steppacher SD, Albers CE, Siebenrock KA, Tannast M, Ganz R. Femoroacetabular impingement 
predisposes to traumatic posterior hip dislocation. Clinical orthopaedics and related research. 
2013;471(6):1937–1943. [PubMed: 23423625] 

25. Philippon MJ, Kuppersmith DA, Wolff AB, Briggs KK. Arthroscopic findings following traumatic 
hip dislocation in 14 professional athletes. Arthroscopy : the journal of arthroscopic & related 
surgery : official publication of the Arthroscopy Association of North America and the 
International Arthroscopy Association. 2009;25(2):169–174.

26. Krych AJ, Thompson M, Larson CM, Byrd JW, Kelly BT. Is posterior hip instability associated 
with cam and pincer deformity? Clinical orthopaedics and related research. 2012;470(12):3390–
3397. [PubMed: 22879091] 

27. Larson CM, Sikka RS, Sardelli MC, Byrd JW, Kelly BT, Jain RK, Giveans MR. Increasing alpha 
angle is predictive of athletic-related “hip” and “groin” pain in collegiate National Football League 
prospects. Arthroscopy : the journal of arthroscopic & related surgery : official publication of the 
Arthroscopy Association of North America and the International Arthroscopy Association. 
2013;29(3):405–410.

28. Allen D, Beaule PE, Ramadan O, Doucette S. Prevalence of associated deformities and hip pain in 
patients with cam-type femoroacetabular impingement. The Journal of bone and joint surgery 
British volume. 2009;91(5):589–594. [PubMed: 19407290] 

29. 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. 
The Journal of bone and joint surgery British volume. 2005;87(7):1012–1018. [PubMed: 
15972923] 

30. Hack K, Di Primio G, Rakhra K, Beaule PE. Prevalence of cam-type femoroacetabular 
impingement morphology in asymptomatic volunteers. The Journal of bone and joint surgery 
American volume. 2010;92(14):2436–2444. [PubMed: 20962194] 

31. Gosvig KK, Jacobsen S, Sonne-Holm S, Gebuhr P. The prevalence of cam-type deformity of the 
hip joint: a survey of 4151 subjects of the Copenhagen Osteoarthritis Study. Acta radiologica 
(Stockholm, Sweden : 1987). 2008;49(4):436–441.

Shaw et al. Page 8

J Orthop Res. Author manuscript; available in PMC 2022 March 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Figure 1: 
Total Anterior Hip Capsule Volume Segmentation. Anterior hip capsule segmentation is 

highlighted with green region of interest (ROI). Volume was calculated from voxels within 

ROI using IPP software.
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Figure 2: 
Proximal-Distal Volume Ratio Segmentation. Proximal anterior hip capsule segmentation is 

highlighted with blue region of interest (ROI) and distal anterior hip capsule segmentation is 

highlighted with green region of interest (ROI). Volume was calculated from voxels within 

ROI using IPP software.
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Figure 3: 
Anterior-Posterior Hip Capsule Volume Ratio Segmentation. Anterior hip capsule 

segmentation is highlighted with green region of interest (ROI) and posterior hip capsule 

segmentation is highlighted with blue ROI. Volume was calculated from voxels within ROI 

using IPP software.
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Figure 4: 
A) MRI of Higher Anterior-Posterior Hip Capsule Volume Ratio. Anterior hip capsule 

segmentation is highlighted with green region of interest (ROI) and posterior hip capsule 

segmentation is highlighted with blue ROI. Ratio of anterior-posterior capsule volume is 

1.96. B) MRI of Lower Anterior-Posterior Hip Capsule Volume Ratio. Anterior hip capsule 

segmentation is highlighted with green region of interest (ROI) and posterior hip capsule 
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segmentation is highlighted with blue ROI. Ratio of anterior-posterior capsule volume is 

0.87.
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Figure 5: 
Anterior-Posterior Hip Capsule Volume Ratio and HOOS Pain Score Correlation. Lower 

scores on the HOOS Pain subscale were correlated with increased anterior to posterior 

capsule volume ratio (R = −0.38, P = 0.02, CI −0.06 to −0.63).
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Table 1

Demographics and Characteristics (N = 35 Patients)

Age, y 30.6 ± 6.0

BMI, kg/m2 24.9 ± 3.2

Male, % 57%

Mean Tonnis Grade 0

Alpha Angle 62.2° ± 4.7°

Anterior Hip Capsule Volume (mm3) 1705.1 ± 450.3

Posterior Hip Capsule Volume (mm3) 1284.8 ± 268.5

Anterior-Posterior Volume Ratio 1.1 ± 0.39

Proximal-Distal Volume Ratio in Anterior Capsule 0.65 ± 0.28
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Table 2

Correlations with Patient-Reported Outcome Scores
1,2

Age BMI HOOS Pain HOOS 
Symptoms

HOOS ADL HOOS Sports HOOS QOL

r/ρ P r/ρ P r/ρ P r/ρ P r/ρ P r/ρ P r/ρ P

Alpha 
angle

0.04 
(−0.30 
to 0.37)

0.82 −0.09 
(−0.44 
to 0.29)

0.66 0.06 
(−0.28 
to 0.38)

0.74 −0.06 
(−0.38 
to 0.28)

0.74 0.03 
(−0.31 
to 0.36)

0.88 −0.09 
(−0.41 
to 0.25)

0.59 −0.18 
(−0.48 
to 0.16)

0.30

Anterior 
Capsule 
Volume

0.36 
(−0.07 
to 0.68)

0.10 −0.24 
(0.63 to 

0.26)

0.34 −0.25 
(−0.61 
to 0.19)

0.27 0.21 
(−0.23 
to 0.58)

0.34 −0.24 
(−0.60 
to 0.21)

0.29 −0.19 
(−0.56 
to 0.26)

0.41 −0.06 
(−0.47 
to 0.37)

0.78

Posterior 
Capsule 
Volume

−0.02 
(−0.55 
to 0.51)

0.93 −0.12 
(−0.61 
to 0.44)

0.69 0.48 
(−0.07 
to 0.81)

0.08 0.37 
(−0.20 
to 0.75)

0.20 0.42 
(−0.14 
to 0.78)

0.13 0.17 
(−0.40 
to 0.64)

0.57 −0.23 
(−0.68 
to 0.34)

0.43

Anterior 
to 

Posterior 
Capsule 
Volume 
Ratio

0.23 
(−0.11 
to 0.52)

0.18 −0.03 
(−0.39 
to 0.34)

0.87 −0.38 
(−0.63 

to 
−0.06)

0.02 −0.03 
(−0.36 
to 0.30)

0.85 −0.20 
(−0.50 
to 0.14)

0.25 −0.18 
(−0.48 
to 0.16)

0.30 0.07 
(−0.27 
to 0.40)

0.67

Anterior 
Capsule 
Proximal 
to Distal 
Volume 
Ratio

−0.05 
(−0.43 
to 0.35)

0.82 0.03 
(−0.40 
to 0.46)

0.89 −0.14 
(−0.51 
to 0.27)

0.50 −0.15 
(−0.52 
to 0.26)

0.46 −0.31 
(−0.63 
to 0.09)

0.13 −0.25 
(−0.59 
to 0.16)

0.23 −0.005 
(−0.40 
to 0.39)

0.98

1
95% CI in parentheses. ADL, Activities of Daily Living; BMI, body mass index; HOOS, Hip disability and Osteoarthritis Outcome Score; QOL, 

Quality of Life.

2
Lower scores on the HOOS indicate worse outcomes.
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