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Introduction

* Several radiographic parameters exist to aid in the diagnosis of hip dysplasia and impingement including
the alpha angle, the lateral center edge angle (LCEA), and the acetabular inclination among others.

* The femoro-epiphyseal acetabular roof (FEAR) index 1s a novel radiographic marker established in 2017
designed to help distinguish between stable and unstable hips with borderline dysplasia.

* It 1s theorized that the growth and orientation of the femoral neck depends on the subcapital growth plate
and that it orients itself perpendicular to the joint reactive forces acting on the hip according to the Heuter-
Volkman principle.

* Therefore, a laterally opening or positive angle is more likely to represent a hip that is unstable while a
medially opening or negative angle 1s more likely to represent a stable hip.



Purpose

* The purpose of this review is to assess the utility
of the FEAR index as a diagnostic tool in hip
preservation surgery. We hypothesize that this
parameter will be useful in distinguishing between
stable and unstable hips and therefore aid in both
diagnosis and treatment.

Figure depicting a laterally opening or
positive FEAR index measurement



Methods

Three online databases (MEDLINE, EMBASE, and PubMed) were searched from database

inception to May 2022, for literature addressing the utility of the FEAR index in hip preservation
surgery.

The inclusion criteria were as follows: (1) therapeutic studies of all levels of evidence; (2) English
language studies; (3) human studies; and (4) studies reporting on the utility of the FEAR index in
diagnosis of patients with either hip impingement or instability or studies correlating the FEAR
index with postoperative patient reported outcomes. Exclusion criteria were: (1) cadaveric studies;
(2) conference abstracts; (3) review papers; (4) technical guides; (5) textbook chapters; and (6) case

series of less than 5 patients.



Results

4849 Studies Identified:
PubMed: 1578, Medline:
1346, Embase: 1925

1) At the initial search, there were a total of 4,849 studies yielded across all the

Removal of Excluded Studies

databases. After excluding duplicates, a systematic screening process was conducted Duplicates - Duplicates: 2298

1977 Studies

yielding 11 papers that met the inclusion criteria.

2) Overall, there were a total of 1,458 patients and 1,512 hips that met the inclusion Title + Abstract —

Review

criteria for our review. The mean number of patients included across studies in this

review was 132 (range: 36-267). The mean age of patients was 27.9 years (range: 13-

27 Studies

59 years), of which 73% were female Full Text T Nostract ony. 3
Review : 22?:;::?1?19:0( data: 12
10 Studies
3) The mean MINORS score for comparative studies was 17.6 (range: 16-22, Hana searen o ru PV
Relevant anfere r:ice St L{ci.ies‘
representing good quality) while the MINORS score for the 1 non-comparative study Relevant Abstracts st

‘ 11 Studies Included ‘

was 12 (representing fair quality)

PRISMA Flow Chart



Results

Among the 5 studies that evaluated patients with hip dysplasia, as defined by a LCEA less than 25 degrees, that
differentiated between hip instability and hip impingement based on preoperative clinical, physical and radiographic
examination with higher values predicting symptoms of instability and lower values predicting symptoms of impingement,
the mean FEAR index in 319 patients in the instability group ranged from 3.01 to 13 degrees while the mean FEAR index in
239 patients in the impingement group ranged from -10 to -0.77 degrees degrees and the mean FEAR index in 105 patients

in the control group ranged from -13 to -7.7 degrees.

One study defined a cutoff value of 5 degrees which correctly predicted treatment decision 79% of the time with an area
under the curve (AUC) of 0.89, while another defined a cutoff of 2 degrees which correctly predicted treatment 90% of the
time and the last study set a threshold of 3 degrees which provided an 80% sensitivity, 81% specificity and 0.86 AUC for

correctly predicting treatment decision



Results

The intra-observer agreement for the FEAR index was reported by 3/11 studies and the ICC ranged between 0.86 and
0.99 across studies. Furthermore, the inter-observer agreement was reported by 8/11 studies with ICC values which

ranged from 0.778-1 across studies.

Of the 9 studies where it was reported, the FEAR index was calculated by a fellowship trained orthopedic surgeon in
4/9 studies, by an orthopedic fellow and medical student in 1/9 studies, by 2 research assistants in 1/9 studies, by 2
research assistants and a fellowship trained orthopedic surgeon in 1/9 studies, by a radiologist and an orthopedic

surgeon in 1/9 studies and by 2 orthopedic fellows and an orthopedic resident in 1/9 studies.



Discussion

The most important finding of this review was that the FEAR index is a reliable and reproducible radiographic tool
that may be used to help differentiate between stable and unstable hips, which ultimately helps dictate optimal
treatment strategy.

Given the variability in FEAR index cut off values across studies, there is no absolute consensus value that dictates
treatment decision and surgeons must rather rely on relative values to guide decision-making. Specifically, in patients
with borderline hip dysplasia, a FEAR index value range greater than 0 to 5 degrees may suggest symptoms of hip
instability that would likely benefit from preservation surgery such as a PAO as opposed to arthroscopy only.

Overall, even in patients where the FEAR index would suggest symptoms of impingement, it is critically important to
assess for other potential causes of hip instability such as capsular laxity and hip hypermobility using both history

and physical examination.



Strengths and Limitations

This review represents a comprehensive analysis of the available literature regarding the diagnostic utility of the
FEAR index in hip preservation surgery. In addition, most included studies provided an adequate control group

making it easier to compare FEAR index values and draw robust conclusions.

The main limitation of this review is the quality of available evidence regarding the FEAR index as most included
studies comprised level 3 evidence. Inherent to this limitation, the novel nature of the FEAR index as a radiographic
parameter in hip preservation surgery makes it difficult to draw meaningful conclusions until it gains consistent use

and widespread acceptance amongst the hip preservation community.



Conclusion

This review demonstrates that the FEAR index has a high agreement and consistent application, making it a useful
diagnostic tool in hip preservation surgery particularly in patients with borderline dysplastic hips. However, given the

variability in FEAR index cut off values across studies, there is no absolute consensus value that dictates treatment

decision.



References

. 1. Hanke MS, Schmaranzer F, Steppacher SD, Lerch TD, Siebenrock KA. Hip preservation. EFORT Open Rev. 2020;5(10):630-640. doi:10.1302/2058-5241.5.190074

. 2. Kivlan BR, Nho SJ, Christoforetti JJ, 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 (Belle Mead NJ). 2017;46(1):35-41.

. 3. Novais EN, Coobs BR, Nepple JJ, Clohisy JC, ANCHOR Study Group. Previous failed hip arthroscopy negatively impacts early patient-reported of the peri y: an ANCHOR Matched Cohort Study. J Hip Preserv Surg. 2018;5(4):370-377. doi:10.1093/jhps/hny038
. 4. Marland JD, Horton BS, West HS, Wylie JD. Association of Radiographic Markers of Hip Instability and Worse Outcomes 2 to 4 Years After Hip Arthroscopy for Femoroacetabular Impingement in Female Patients. Am J Sports Med. 2022;50(4):1020-1027. doi:10.1177/03635465211073341
. 5. Lynch TS, Minkara A, Aoki S, et al. Best Practice Guidelines for Hip Arthroscopy in Femoroacetabular Impingement: Results of a Delphi Process. J Am Acad Orthop Surg. 2020;28(2):81-89. doi:10.5435/JAAOS-D-18-00041

. 6. McClincy MP, Wylie JD, Williams DN, Novais EN. Standardizing the Diagnostic Evaluation of Nonarthritic Hip Pain Through the Delphi Method. Orthop J Sports Med. 2021;9(4):2325967121991213. doi:10.1177/2325967121991213

. 7. Wyatt M, Weidner J, Pfluger D, Beck M. The Femoro-Epiphyseal Acetabular Roof (FEAR) Index: A New Measurement Associated With Instability in Borderline Hip Dysplasia? Clin Orthop Relat Res. 2017;475(3):861-869. doi:10.1007/s11999-016-5137-0

. 8. Hunziker EB. M ism of itudinal bone growth and its regulation by growth plate chondrocytes. Microsc Res Tech. 1994;28(6):505-519. doi:10.1002/jemt.1070280606

. 9. Pauwels F, Maquet P. Bie hanics of the L App. 2 Ce ibutions on the Fr ional Anatomy of the Locomotor Apparatus. Springer-Verlag; 1980. Accessed July 10, 2022. https://link.springer.com/book/10.1007/978-3-642-67138-8

. 10. Moher D, Shamseer L, Clarke M, et al. Preferred reporting items for sys ic review and met: lysis protocols (PRISMA-P) 2015 statement. Syst Rev. 2015;4(1):1. doi:10.1186/2046-4053-4-1

. 11. Landis JR, Koch GG. The Measurement of Observer Agreement for Categorical Data. Biometrics. 1977;33(1):159-174. doi:10.2307/2529310

. 12. Slim K, Nini E, Forestier D, Kwiatkowski F, Panis Y, Chipponi J. Methodological index for non-randomized studies (minors): development and validation of a new instrument. ANZ J Surg. 2003;73(9):712-716. doi:10.1046/j.1445-2197.2003.02748.x

. 13. Shah A, Kay J, Memon M, et al. What Makes Suture Anchor Use Safe in Hip Arthroscopy? A Systematic Review of Techniques and Safety Profile. Arthroscopy. 2019;35(4):1280-1293.¢1. doi:10.1016/j.arthro.2018.10.118

. 14. Simundi¢ AM. Measures of Diagnostic Accuracy: Basic Definitions. EJIFCC. 2009;19(4):203-211.

. 15. Batailler C, Weidner J, Wyatt M, Pfluger D, Beck M. Is the Femoro-Epiphyseal Acetabular Roof (FEAR) index on MRI a relevant predictive factor of instability in a borderline dysplastic hip? Bone Joint J. 2019;101-B(12):1578-1584. doi:10.1302/0301-620X.101B12.BJJ-2019-0502.R1

. 16. Meyer AM, Schaver AL, Cohen BH, Glass NA, Willey MC, Westermann RW. FEAR index in predicting treatment among patients with femor impi and hip dysplasia and the r i ip of femoral version. J Hip Preserv Surg. 2022;9(2):84-89. doi:10.1093/jhps/hnac023

. 17. Smith JT, Jee Y, Daley E, Koueiter DM, Beck M, Zaltz I. Can the Femoro-Epiphyseal Acetabular Roof (FEAR) Index Be Used to Distinguish Dysplasia from Impingement? Clin Orthop Relat Res. 2021;479(5):962-971. doi:10.1097/CORR.0000000000001610

. 18. McClincy MP, Wylie JD, Yen YM, Novais EN. Mild or Borderline Hip Dysplasia: Are We Characterizing Hips With a Lateral Center-Edge Angle Between 18° and 25° Appropriately? Am J Sports Med. 2019;47(1):112-122. doi:10.1177/0363546518810731

. 19. Truntzer JN, Hoppe DJ, Shapiro LM, Safran MR. Can the FEAR Index Be Used to Predict Microinstability in Patients Undergoing Hip Arthroscopic Surgery? Am J Sports Med. 2019;47(13):3158-3165. doi:10.1177/0363546519876105

. 20. Kuroda Y, Hashimoto 8, Saito M, et al. Femoro-Epiphyseal Acetabular Roof (FEAR) Index and Anterior Acetabular Coverage Correlate With Labral Length in Developmental Dysplasia of the Hip. Arthroscopy. 2022;38(2):374-381. doi:10.1016/j.arthro.2021.04.051

. 21. Urup Tenning L, Schmid M, Barroso J, et al. Is the Femoral-Epiphyseal Acetabular Roof (FEAR) index associated with hip pain in patients with hip dysplasia? Acta Radiol. 2022;11:2841851221093840. doi:10.1177/02841851221093840

. 22. Wong SE, Newhouse AC, Wichman DM, Bessa F, Williams J, Nho SJ. Patients With a High Femoroepiphyseal Roof With Concomitant Borderline Hip Dysplasia and Femoroacetabular Impingement Syndrome Do Not ate Inferior O ing Arthroscopic Hip Surgery. Arthroscopy. 2022;38(5):1509-1515. doi:10.1016/j.arthro.2021.10.012
. 23. Zimmerer A, Schneider MM, Nietschke R, Miehlke W, Sobau C. Is Hip Arthroscopy an Adequate Therapy for the Borderline Dysplastic Hip? Correlation Between Radiologic Findings and Clinical Outcomes. Orthop J Sports Med. 202038(5):2325967120920851. doi:10.1177/2325967120920851
. 24. Garabekyan T, Ashwell Z, Chadayammuri V, et al. Lateral Acetabular Coverage Predicts the Size of the Hip Labrum. Am J Sports Med. 2016;44(6):1582-1589. doi:10.1177/0363546516634058

0.1016/j.arthro.2020.05.023

. 25. Kamenaga T, Hashimoto S, Hayashi S, et al. Larger Acetabular Labrum Is Associated With Hip Dysplasia, Joint Incongruence, and Clinical Symptoms. Arthroscopy. 2020;36(9):2446-2453. doi:
. 26. Kraeutler MJ, Garabekyan T, Pascual-Garrido C, Mei-Dan O. Hip instability: a review of hip dysplasia and other contributing factors. Muscles Ligaments Tendons J. 2016;6(3):343-353. doi:10.11138/mltj/2016.6.3.343 Ac R I H 0



	The Radiographic fear index is a useful diagnostic tool in patients undergoing hip preservation surgery: a systematic review
	Disclosures
	Introduction
	Purpose
	Methods
	Results
	Results
	Results
	Discussion
	Strengths and Limitations
	Conclusion
	References

