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Background: Hip arthroscopy for the treatment of femoroacetabular impingement syndrome (FAIS) in patients with borderline
hip dysplasia (BHD) is becoming a more common practice. However, the literature on achieving meaningful outcomes at midterm
follow-up, as well as predictors of these outcomes, is limited.

Purpose: To (1) compare the rates of achieving meaningful clinical outcomes between patients with and without BHD and (2) identify
the predictors for achieving clinical success among patients with BHD 5 years after undergoing hip arthroscopic surgery for FAIS.

Study Design: Cohort study; Level of evidence, 3.

Methods: Data from consecutive patients who underwent primary hip arthroscopic surgery with routine capsular closure for the
treatment of FAIS between January 2012 and August 2014 were collected and retrospectively analyzed. Patients with BHD (lateral
center-edge angle [LCEA] 20�-25�) were matched 1:2 by age (61 year) and body mass index (BMI; 65 kg/m2) to control patients
with normal acetabular coverage (LCEA 25�-40�). Data collected included baseline and 5-year postoperative patient-
reported outcomes. The minimal clinically important difference (MCID) and patient acceptable symptom state (PASS) were
calculated for each patient-reported outcome measure and compared between the 2 groups. A binary logistic regression analysis
was used to identify significant predictors of achieving the MCID and PASS in the BHD group.

Results: The MCID in the BHD group was defined as 9.6, 14.1, and 9.5 for the Hip Outcome Score–Activities of Daily Living, Hip
Outcome Score–Sports Subscale, and modified Harris Hip Score, respectively. Threshold scores for achieving the PASS in both
groups were 90.9, 76.6, and 81.9, respectively. A total of 88 patients were identified with having BHD and were matched to 176
controls. No statistical differences were identified for age, BMI, or sex. Both the BHD and the non-BHD groups had statistically sig-
nificant increases in patient-reported outcome scores over the 5-year period, but the difference in both groups was not statistically
significant (P . .05 for all). There was no statistical difference in the frequency of patients in the BHD and non-BHD groups achieving
the MCID (86.6% vs 85.2%, respectively; P = .804) or PASS (76.0% vs 73.7%, respectively; P = .675) on at least 1 outcome mea-
sure. The logistic regression model demonstrated that being physically active (odds ratio [OR], 27.59; P = .005) and being female
(OR, 14.64; P = .025) were independent predictors of achieving the MCID, while running (OR, 11.1; P = .002), being female (OR, 7.6;
P = .011), and a larger preoperative LCEA (OR, 2.3; P = .001) were independent preoperative predictors of achieving the PASS.

Conclusion: The rates of achieving clinical success 5 years after undergoing arthroscopic treatment with capsular closure for
FAIS were not significantly different between patients with BHD and those with normal acetabular coverage. Being physically
active, running for exercise, female sex, and a larger LCEA were preoperative predictors of achieving clinical success at 5 years
in patients with BHD.
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Hip arthroscopic surgery has become a common procedure
for the correction of femoroacetabular impingement syn-
drome (FAIS), with high success rates and functional
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improvements consistently reported in the literature.6,17,23

At both short-term and midterm follow-up, the procedure
has led to a reduction in pain, improved functional status,
and high rate of return to sport.1,9,31,61 The success of hip
arthroscopic surgery over the alternative open hip
approach has been attributed to a decrease in soft tissue
damage, stress on hip biomechanics associated with hip
dislocations, decreased complications, and above all,
a more rapid recovery.

There is a growing trend among hip arthroscopic sur-
geons to surgically treat patients with FAIS who also
have borderline hip dysplasia (BHD). BHD is commonly
defined as a lateral center-edge angle (LCEA) with a lower
threshold of 18� to 22� and an upper threshold of
25�.18,19,29,37,39 While some studies have reported high fail-
ure rates and a rapid progression of osteoarthritis after
arthroscopic surgery for FAIS in this patient population,
others have demonstrated superior functional outcomes
with low rates of revision surgery similar to patients with
a normal LCEA (25�-40�).13,16,63 However, there is a lack
of evidence assessing whether patients with BHD have sim-
ilar outcomes or rates of achieving the minimal clinically
important difference (MCID) or patient acceptable symp-
tom state (PASS) to patients with normal acetabular cover-
age. Furthermore, there is only 1 study that has addressed
establishing threshold scores for achieving the MCID and
PASS specific to the BHD population as well as identifying
preoperative predictors of achieving both.2

The purpose of this study was to compare the rates of
achieving meaningful clinical outcomes between patients
with and without BHD who have undergone hip arthro-
scopic surgery for the treatment of FAIS and identify the
predictors for achieving clinical success among patients
with BHD at 5-year follow-up. We hypothesized that
patients with BHD would continue to achieve similar rates
of clinical success as defined by reaching either the MCID
or the PASS at their 5-year follow-up, as we documented in
a previous study that reported the 2-year results of these 2
groups of patients,2 and that the same modifiable (eg, body
mass index [BMI], level of physical activity) and nonmodi-
fiable factors (eg, age, sex) identified in the 2-year study
would be predictive of achieving clinical success.

METHODS

After the study was approved by the institutional review
board (12022108-IRB01-CR06), prospectively collected

data from the senior author’s (S.J.N.) database of all
patients undergoing hip arthroscopic surgery between Jan-
uary 2012 and August 2014 were reviewed. From this
review, 590 patients who had undergone primary hip
arthroscopic surgery for the treatment of FAIS were iden-
tified. This group of patients was further scrutinized to
determine which ones met the inclusion criteria: (1) clini-
cal and radiographic diagnosis of symptomatic FAIS as
previously defined,22 (2) failure of nonoperative manage-
ment (lifestyle modification, physical therapy, oral anti-
inflammatory medications, and for some patients, fluoro-
scopically guided intra-articular cortisone injections), (3)
hip arthroscopic surgery performed for the treatment of
FAIS, and (4) a minimum 5-year follow-up. Exclusion crite-
ria included the following: (1) a history of ipsilateral or con-
tralateral hip surgery, (2) a reduced joint space
(Tönnis grade .1), (3) evidence or a history of congenital
hip disorders (slipped capital femoral epiphysis and
Perthes disease), (4) hip arthroscopic surgery for an
indication other than FAIS as well as concomitant proce-
dures at the time of surgery, and (5) a lack of 5-year out-
come scores.

The previous literature has defined BHD as an LCEA
ranging from 18� to 22� as its lower threshold to 25� as
the upper threshold.18,19,29,37,39 The present study defined
BHD as an LCEA of 20� to 25� measured from the lateral
edge of the sourcil.10,24 These patients were then matched
in a 1:2 fashion to patients with normal coverage (LCEA
25�-40�) by age (61 year), and BMI (65 kg/m2), which
have been commonly demonstrated in the literature to
influence patient-reported clinical outcomes after hip
arthroscopic surgery for FAIS.21,53

Radiographic Parameters

All patients in the study had a series of preoperative radio-
graphs and a series of postoperative radiographs at
1-month follow-up.60 Each series consisted of a standing
anteroposterior pelvis radiograph, a false-profile hip radio-
graph, and a 45� Dunn lateral hip radiograph.12,41 The
alpha angle was measured on all 3 views as previously
described.33,43 The anteroposterior view was used to mea-
sure acetabular inclination (Tönnis angle) and the LCEA
of Wiberg.12 The Tönnis grade was determined.58 The ante-
rior center-edge angle (ACEA) was measured on the false-
profile view from the lateral edge of the bone as previously
described.52
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Surgical Technique

All hip arthroscopic procedures were performed in the same
manner by a single fellowship-trained hip surgeon (S.J.N.)
at a high-volume academic hospital. The details of the
arthroscopic technique have been previously described in
the literature, and a summary of the technique fol-
lows.2,20,25,55 Briefly, after anterolateral, anterior, and mod-
ified midanterior portals were established, capsulotomy
connecting the anterior to anterolateral portal was per-
formed to adequately address the central compartment,
including labral repair and acetabular rim shaving for ade-
quate labral adhesion. After procedures were completed in
the central compartment, T-capsulotomy was performed to
address peripheral compartment abnormalities, including
osteochondroplasty of cam deformities. A dynamic examina-
tion and fluoroscopic imaging were used to confirm that
there was no further impingement and that head-neck off-
set was restored. After the arthroscopic procedure was con-
cluded, complete capsular closure using plication was
performed to ensure normal biomechanical properties of
the iliofemoral ligament. The degree of leaflet overlap in
capsular plication depended on the degree of capsular laxity
and dynamic intraoperative range of motion. Depending on
the size of the incision and integrity of the capsule, the ver-
tical T-limb was typically closed with 2 to 4 sutures.

Postoperative Rehabilitation

Rehabilitation started on postoperative day 1 for all
patients as previously described for primary FAIS cases.34

Patients went through a 4-phase rehabilitation protocol
that lasted an average of 16 to 18 weeks (Table 1). Briefly,
phase 1 prioritized joint protection and soft tissue mobili-
zation techniques, with restriction to 20-lb (9 kg) foot-flat
weightbearing during this phase. A hip orthosis and night
abduction pillow were used for the first 3 weeks, aiming to
prevent active abduction, hip flexion beyond 90�, exten-
sion, and external rotation. Patients were weaned off
crutches if they demonstrated ambulatory capabilities
without significant pain or compensatory movements 3
weeks after surgery. Phase 2 concentrated on normal gait
maintenance, full restoration of range of motion, improve-
ment of neuromuscular control, and maintenance of pelvic
and core stability. Phase 3 included single-leg squats and
strengthening, soft tissue and joint mobilization, and car-
diovascular fitness. Phase 4 emphasized returning to pre-
injury levels of sport participation. Of note, every patient
was prescribed 75 mg of indomethacin daily for 10 days
as a prophylaxis of heterotopic ossification.59

Evaluation of Functional Outcomes

All patients in the analysis completed preoperative and
minimum 5-year postoperative hip-specific patient-
reported outcome instruments, including the Hip Outcome
Score–Activities of Daily Living (HOS-ADL), HOS–Sports
Subscale (HOS-SS), and modified Harris Hip Score
(mHHS).7,26,36 In addition, all patients graded their post-
operative pain and satisfaction levels using a 0- to 10-cm
visual analog scale (VAS). The collection of baseline
and 5-year postoperative hip-specific outcomes was

TABLE 1
Postoperative Rehabilitation Protocol

Phase Goal Restrictions Techniques

1 Protect the joint 20-lb (9 kg) foot-flat weightbearing for
3 wk

Limitations in flexion, abduction, and
extension at 3 wk

No active sitting for more than 30 min
at 3 wk

Soft tissue mobilization
Isometrics

2 Noncompensatory gait
progression and active
range of motion

Avoidance of compensatory gait Joint mobilization
Gait training
Core strengthening
Scar mobilization
Lumbar stabilization
Elliptical machine at 6 wk

3 Return to preinjury function Avoidance of agility drills until 10 wk
Avoidance of hip rotational activities

until 10 wk

Single-leg squat
Soft tissue
Core strengthening
Joint mobilization
Gait training

4 Return to sport Muscle strength and full range of
motion goals at 12 wk

Soft tissue and joint mobilization
Cardiovascular and strength exercises
Agility training
Plyometrics
Slow progression to return to presurgical level
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conducted using online-based surveys through an encryp-
ted data collection system (OBERD; Universal Research
Solutions).

Recently, there has been a shift in the orthopaedic liter-
ature from describing postsurgical outcomes as averages of
patient-reported scores to describing them as rates of
achieving clinical outcomes that are meaningful to
patients.3-5,44,46,49 Previous authors have described thresh-
olds of achieving clinical success, with the MCID as the
lowest threshold of achieving clinical success, which is
defined by a specific outcome score or change in scores.51 Fur-
thermore, the PASS has been defined as the postoperative
outcome with which patients are satisfied, which is also
defined by a specific outcome score.11 To evaluate the differ-
ence in achieving clinical success between patients with and
without BHD who underwent hip arthroscopic surgery for
FAIS, the threshold value of each outcome instrument for
achieving the MCID and PASS was calculated. Similar to
previous reports in the literature, a distribution-based
MCID was determined by calculating the half standard devi-
ation of the change in HOS-ADL, HOS-SS, and mHHS scores
over the 5-year time period.45,50,51 Any patient with a change
in outcome scores over the 5-year time period that was higher
than the threshold score of the corresponding questionnaire
was considered to have achieved the MCID.

To identify the PASS, patients were asked the following
question at 5-year follow-up: ‘‘Taking into account all the
activities you have during your daily life, your level of
pain, and also your functional impairment, do you consider
that your current state is satisfactory?’’ The PASS for the
HOS-ADL, HOS-SS, and mHHS was calculated with
a receiver operating characteristic (ROC) curve analysis
as conducted in previous studies7,11 (Appendix 1, available
in the online version of this article). Consistent with previ-
ous psychometric studies in the orthopaedic literature, an
area under the curve (AUC) .0.8 was considered accept-
ably predictive of a model for identifying a threshold score
defining patients who did and did not achieve the PASS.
The Youden index was used to optimize the sensitivity
and specificity for determining the PASS on the HOS-
ADL, HOS-SS, and mHHS.47 Patients were considered to
have achieved the MCID or PASS if they achieved this out-
come endpoint on any of the administered questionnaires.
Furthermore, patients were considered to have achieved
clinical success at 5 years after surgery if they achieved
either the MCID or the PASS.5

Statistical Analysis

All data were screened to determine if they met all para-
metric statistical assumptions before analysis. A total of
2 binary logistic regression models were created: 1 for
reaching at least 1 score threshold for achieving the
MCID and another for reaching at least 1 score threshold
for achieving the PASS. The process of creating the models
is summarized in Figure 1 and was performed as previ-
ously described.42,56 Pearson and Spearman coefficient
analyses were carried out to identify correlations between
the MCID and PASS versus preoperative variables and to
identify variables to place in the exploratory analysis for

the final logistic models. An exploratory factor analysis
was performed on the variables with statistically signifi-
cant correlations with the primary outcomes (achieving
the MCID and PASS) using principal component (PC)
extraction (ie, eigenvector decomposition) with a varimax
rotation to reduce redundancy in the predictor variables.
The Kaiser-Meyer-Olkin test was performed to determine
if the predictor variables demonstrated adequate correla-
tion for an exploratory factor analysis. A Kaiser-Meyer-
Olkin value of 0.62 was found, which demonstrated that
the data were appropriate for factor analysis, as this value
exceeded a recommended value of 0.6 for an exploratory
factor analysis.57 A scree plot was created to determine
the number of PCs to retain for analysis of the 2 separate
models. Each extracted PC was used to calculate the per-
centage of variance explained by dividing the eigenvalue
of each PC by the sum of all eigenvalues. The contribution
of each variable to the PC was determined using the factor
loading of each variable. Variables that demonstrated a fac-
tor loading of greater than 60.25 for a PC were retained as
predictor variables for the follow-up binary logistic regres-
sion analysis used to create both models. If the loading com-
ponents in the analysis had more than 1 variable less than
60.25, each variable in the component was placed into the
model independently. An ROC curve analysis was then
used to identify the model with the best fit and therefore
the variable with the best fit for the model. The final models
for inferior clinical outcomes and clinical failure were cho-
sen based on the highest AUC in the ROC curve analysis.

Descriptive statistics for all continuous variables were
reported as mean and standard deviation, and frequency
statistics were reported for all noncontinuous variables,
unless otherwise stated. A paired-samples t test and chi-

Figure 1. Statistical analysis flowchart. HOS-ADL, Hip Out-
come Score–Activities of Daily Living; MCID, minimal clinically
important difference; ROC, receiver operating characteristic.
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square analysis were used to compare functional outcome
scores and rates of achieving clinical success, respectively,
between the 2 groups. Statistical significance for all analy-
ses was set at a � .05. Correlation coefficients were classi-
fied by the strength of the correlation, which were defined
as follows: excellent (.0.80), very good (0.71-0.80), good
(0.61-0.70), moderate (0.41-0.60), and weak (0.21-0.40).

RESULTS

A total of 133 consecutive patients were identified as hav-
ing BHD (LCEA 20�-25�), of whom 88 (66.2%) had 5-year
outcome scores. These patients were matched to 176 con-
trols who had normal acetabular coverage (LCEA 25�-
40�). The 264 patients included in the study had a mean
age and BMI of 33.2 6 11.9 years and 24.1 6 3.6 kg/m2,
respectively, and the majority (66.7%) were female. A sub-
analysis of the patient characteristics for the 88 patients in
the BHD group and 176 patients in the non-BHD group
revealed that there was no statistical difference in age,
sex, or BMI between the 2 groups (Table 2). All patients
in both groups underwent labral repair, femoroplasty,
and capsular closure, while 89.8% of the BHD group and
97.7% of the non-BHD group underwent acetabular rim
decortication. A total of 3 additional patients in the BHD
group, who were not included in the final analysis, under-
went surgery on the ipsilateral hip within the 5-year
time period, with 2 (2.3%) patients undergoing revision
surgery and 1 (1.1%) undergoing conversion to total hip
arthroplasty.

Analysis of Radiographic Parameters

A comparison of preoperative and postoperative radio-
graphic parameters between the 2 groups is summarized
in Table 3. Briefly, there was no statistically significant
difference in the preoperative and postoperative alpha

angle on any of the 3 radiographic views between the
BHD and non-BHD groups (P . .05 for all). An analysis
of the preoperative LCEA demonstrated that the BHD
group had a significantly smaller angle as compared with
the group with normal acetabular coverage (23.2� 6 1.5�
vs 32.9� 6 3.7�, respectively; P \ .001) as well as a signifi-
cantly smaller postoperative LCEA (22.2� 6 2.9� vs 30.3� 6

3.9�, respectively; P \ .001). There was also a significant
difference in the preoperative ACEA (28.2� 6 5.7� vs
34.7� 6 5.7�, respectively; P \ .001) and postoperative
ACEA (26.6� 6 4.9� vs 31.9� 6 5.3�, respectively; P \
.001). Furthermore, the BHD group had a significantly
larger Tönnis angle (11.3� 6 3.7� vs 4.7� 6 3.9�, respec-
tively; P \ .001).

Comparison of Functional Scores
and Rates of Achieving Clinical Success

The analysis of preoperative and postoperative functional
scores for the combined study cohort demonstrated statis-
tically significant improvements across all outcome tools
(P � .001 for all) (Table 4). A subanalysis of scores demon-
strated that while the BHD group demonstrated slightly
lower scores, there were no significant differences on any
patient-reported outcome measure, VAS for pain, or VAS
for satisfaction between the 2 groups (P . .05 for all)
(Table 5).

The change in 5-year functional outcome scores for
achieving the MCID for the BHD group was defined as
9.6, 14.1, and 9.5 for the HOS-ADL, HOS-SS, and
mHHS, respectively, while the MCID threshold scores for
the non-BHD group were 10.1, 15.0, and 10.6, respectively.
The change in 5-year functional outcome scores for achiev-
ing the PASS for the BHD group was defined as 90.9, 76.6,

TABLE 2
Patient Characteristicsa

BHD
Group

Non-BHD
Group P Value

Age, mean 6 SD, y 33.2 6 11.9 33.1 6 12.0 .934
Female sex 64 (72.7) 112 (63.6) .178
BMI, mean 6 SD, kg/m2 23.9 6 3.5 24.3 6 3.7 .451
Procedures performed

Labral repair 88 (100.0) 176 (100.0)
Femoroplasty 88 (100.0) 176 (100.0)
Acetabular rim decortication 79 (89.8) 172 (97.7)
Capsular closure 88 (100.0) 176 (100.0)

Clinical failure
Revision 2 (2.3)
Conversion to

total hip arthroplasty
1 (1.1)

aData are presented as n (%) unless otherwise specified. BHD,
borderline hip dysplasia; BMI, body mass index.

TABLE 3
Radiographic Parametersa

BHD Group
Non-BHD

Group P Value

Preoperative, deg
Alpha angle (anteroposterior) 75.1 6 15.8 77.2 6 11.9 .25
Alpha angle (false profile) 66.1 6 13.1 62.9 6 10.3 .14
Alpha angle (Dunn) 66.9 6 12.2 65.9 6 11.4 .627
LCEA 23.2 6 1.5 32.9 6 3.7 \.001
ACEA 28.2 6 5.7 34.7 6 5.7 \.001
Tönnis angle 11.3 6 3.7 4.7 6 3.9 \.001

Tönnis grade, n (%)
0 80 (90.9) 161 (91.5) .87736
1 8 (9.1) 15 (8.5)

Postoperative, deg
Alpha angle (anteroposterior) 42.7 6 4.9 43.9 6 4.7 .1
Alpha angle (false profile) 40.8 6 4.8 40.7 6 5.1 .804
Alpha angle (Dunn) 38.1 6 3.7 38.5 6 4.7 .455
LCEA 22.2 6 2.9 30.3 6 3.9 \.001
ACEA 26.6 6 4.9 31.9 6 5.3 \.001

aData are presented as mean 6 SD unless otherwise specified.
ACEA, anterior center-edge angle; BHD, borderline hip dysplasia;
LCEA, lateral center-edge angle.
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and 81.9 for the HOS-ADL, HOS-SS, and mHHS, respec-
tively, while the PASS threshold scores for the non-BHD
group were 91.9, 75.2, and 79.8, respectively. The chi-
square analysis demonstrated no statistical difference in
the rates of reaching the threshold scores for achieving
the MCID and PASS on any of the outcome measures
between the 2 groups (Table 6).

Factors Associated With Achieving Clinical Success

The factor analysis for inferior clinical outcomes consisted
of 4 PCs that explained 61% of the variance of the predictor
variables. The rotated factor analysis can be found in
Appendix 2 (available online). The variables retained for
analysis were based on the PC loading. The logistic regres-
sion model of the variables is reported in Table 7. Briefly,
patients who self-reported being physically active (ie,
engaging in regular exercise) (odds ratio [OR], 27.59; P =
.005) and female (OR, 14.64; P = .025) had higher chances
of achieving the MCID on at least 1 outcome measure. The
ROC curve analysis demonstrated that the MCID logistic
regression model had an excellent fit (AUC = 0.888)

(Appendix 3, available online). The PASS logistic regres-
sion model demonstrated that running for cardiovascular
exercise (OR, 11.1; P = .002), being female (OR, 7.6; P =
.011), and having a larger preoperative LCEA on the
affected side (OR, 2.3; P = .001) were statistically signifi-
cant preoperative predictors of achieving the PASS on at
least 1 outcome measure. The ROC curve analysis demon-
strated that the PASS logistic regression model had an
excellent fit as well (AUC = 0.875) (Appendix 4, available
online).

DISCUSSION

The main findings of the current study were that although
patients with BHD who underwent hip arthroscopic sur-
gery for the treatment of FAIS had different score thresh-
olds for achieving the MCID and PASS at 5 years after
surgery when compared with their counterparts with nor-
mal acetabular coverage, the rates of achieving both were
not statistically different between the 2 groups. Further-
more, in the BHD group, those who engaged in exercise

TABLE 4
Preoperative and Postoperative

Patient-Reported Outcomesa

Preoperative Postoperative P Value

HOS-ADL 63.8 6 20.6 83.2 6 21.8 \.001
HOS-SS 43.4 6 24.1 68.9 6 33.3 \.001
mHHS 54.7 6 26.8 79.1 6 20.8 .001
VAS for pain 69.9 6 17.8 30.1 6 31.5 \.001

aData are presented as mean 6 SD. HOS-ADL, Hip Outcome
Score–Activities of Daily Living; HOS-SS, Hip Outcome Score–
Sports Subscale; mHHS, modified Harris Hip Score; VAS, visual
analog scale.

TABLE 5
Functional Scoresa

BHD Group Non-BHD Group P Value

Preoperative
HOS-ADL 64.8 6 19.2 69.2 6 18.1 .093
HOS-SS 45.3 6 22.6 46.8 6 23.9 .664
mHHS 55.7 6 15.4 58.7 6 13.2 .125
VAS for pain 67.7 6 19.2 70.4 6 16.5 .341

Postoperative
HOS-ADL 85.7 6 19.9 88.7 6 19.9 .164
HOS-SS 74.6 6 30.7 79.6 6 23.9 .21
mHHS 80.9 6 19.6 83.5 6 18.0 .37
VAS for pain 28.6 6 30.7 29.5 6 27.8 .84
VAS for satisfaction 75.5 6 30.6 77.8 6 29.8 .593

aData are presented as mean 6 SD. BHD, borderline hip dys-
plasia; HOS-ADL, Hip Outcome Score–Activities of Daily Living;
HOS-SS, Hip Outcome Score–Sports Subscale; mHHS, modified
Harris Hip Score; VAS, visual analog scale.

TABLE 6
MCID Ratesa

BHD Group Non-BHD Group P Value

MCID
HOS-ADL 46 (69.7) 71 (60.2) .198
HOS-SS 44 (75.6) 73 (68.2) .39
mHHS 47 (79.6) 78 (78.0) .805
Any MCID 58 (86.6) 104 (85.2) .804

PASS
HOS-ADL 46 (61.3) 81 (60.4) .9
HOS-SS 46 (64.8) 85 (68.0) .646
mHHS 42 (60.9) 72 (61.0) .984
Any PASS 54 (76.0) 101 (73.7) .675

aData are presented as n (%). BHD, borderline hip dysplasia;
HOS-ADL, Hip Outcome Score–Activities of Daily Living; HOS-
SS, Hip Outcome Score–Sports Subscale; MCID, minimal clini-
cally important difference; mHHS, modified Harris Hip Score;
PASS, patient acceptable symptom state.

TABLE 7
Logistic Regression Models of Preoperative

Predictors of Achieving the MCID and PASSa

Odds Ratio 95% CI P Value

Achieving the MCID
Physically active 27.59 2.67-285.49 .005
Female sex 14.64 1.40-153.13 .025

Achieving the PASS
Running 11.124 2.382-51.948 .002
Female sex 7.622 1.584-36.678 .011
Preoperative LCEA 2.300 1.406-3.764 .001

aLCEA, lateral center-edge angle; MCID, minimal clinically
important difference; PASS, patient acceptable symptom state.
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and were female were more likely to achieve the MCID on
at least 1 outcome measure, while those who ran for sport,
were female, and had a larger preoperative LCEA were
likely to achieve the PASS at higher rates. Last, only
3.4% of patients with BHD underwent additional surgery
within the 5-year time period, with 2 undergoing revision
surgery and 1 undergoing conversion to total hip
arthroplasty.

Previous studies in the literature have reported on out-
comes of patients with BHD undergoing hip arthroscopic
surgery for FAIS. Recently, a study from the Multicenter
Arthroscopic Study of the Hip Group evaluated 2-year out-
comes of patients with dysplasia, as defined by an LCEA
�25.0�, who underwent hip arthroscopic surgery and com-
pared their outcomes with patients with normal acetabular
coverage and overcoverage. An analysis of the 437 patients
demonstrated no significant differences in International
Hip Outcome Tool–12 scores or reoperation rates among
the 3 study groups.38 Other smaller case series have dem-
onstrated similar results, with scores among patients with
BHD similar to those of patients with normal acetabular
coverage.8,18,40,64 In a systematic review, Shah et al54 eval-
uated 13 studies to identify clinical and radiographic pre-
dictors of failed hip arthroscopic surgery in the
management of patients with hip dysplasia. The authors
concluded that the predictors of clinical failure included
moderate to severe hip dysplasia (LCEA \15�), severe car-
tilage lesions, a larger Tönnis angle, a broken Shenton
line, and a decreased joint space, while borderline to mild
(LCEA 15�-25�) acetabular dysplasia in the absence of
severe cartilaginous lesions demonstrated an acceptable
long-term survival rate (7-year survival: 89.6%).54

The current study adds to the literature, providing a lon-
ger follow-up with a robust statistical analysis. In addition,
this study is the first to define the 5-year MCID and PASS
in a BHD group as well as the rates of achieving both. Pre-
vious studies have evaluated the rates of achieving clinical
success in patients with BHD 2 years after surgery and
compared outcomes in patients with FAIS and BHD and
patients having FAIS and normal acetabular coverage.
Beck and colleagues2 indicated that the majority of
patients in the BHD group achieved the MCID and PASS
at high rates (86.6% and 78.6%, respectively) and that
these were not significantly different from their non-BHD
counterparts. In the current study, the rates of achieving
clinical success as defined by the MCID and PASS were
relatively unchanged, indicating that most patients with
BHD continued to experience clinical success at midterm
follow-up. Furthermore, both studies indicated low rates
of requiring revision surgery or conversion to arthroplasty.
These studies possibly indicated that proper minimal ace-
tabular rim decortication, capsular management tech-
niques, and regimented postoperative physical therapy
may lead to satisfactory outcomes in patients with BHD.

The orthopaedic literature has demonstrated a trend in
reporting rates of achieving clinical success defined by
postsurgical outcomes that patients consider meaning-
ful.14,45-48,50,51 In this study, the MCID was identified for
both the BHD and the non-BHD groups using the half

standard deviation of the change in functional scores
over a 5-year period, while the PASS score threshold was
identified through an anchor-based method. Previous stud-
ies have demonstrated that threshold values for achieving
clinical success vary based on disease.30,32 In the current
study, although the difference in threshold values for
achieving the MCID and PASS between the BHD and
non-BHD groups was very modest, it highlighted the point
that threshold scores vary by population and should be cal-
culated for each specific group studied. Furthermore, the
difference in rates of achieving the MCID and PASS in
one particular study group demonstrated the importance
of using both as metrics for measuring clinical success, as
some patients may be limited from achieving the MCID
or PASS.

Studies have demonstrated that female patients with
normal acetabular coverage report inferior functional out-
comes after hip arthroscopic surgery compared with their
male counterparts.20,28,35,62 Unlike the previous analysis,
however, the present study demonstrated that female
patients with BHD were much more likely to achieve
both the MCID and the PASS. Additionally, these results
are consistent with the findings of Cvetanovich et al13

and Beck et al2 that demonstrated that female patients
with borderline dysplasia had superior outcome scores
and achieved higher rates of clinical success. While no cur-
rent biomechanical study has evaluated the differences in
acetabular morphology by sex, BHD may be a normal ana-
tomic variant in female patients, whereas in male patients,
it may represent a structural abnormality.

Limitations

The current study has a number of limitations that should
be noted. First, the study used robust statistical analyses
for creating the predictive models for achieving the
MCID and PASS, both of which demonstrated excellent
fit based on the ROC curve analysis; however, it is possible
that better models exist. Second, we were not able to
account for all patients lost to follow-up, and it is possible
that some patients may have undergone revision surgery
or conversion to total hip arthroplasty at other institutions.
Third, one-third of eligible patients with BHD did not have
5-year follow-up, which may have introduced a bias into
the study population. Fourth, despite the consecutive
nature and complete follow-up, the results are those of
a single high-volume, fellowship-trained hip arthroscopic
surgeon. Hip arthroscopic surgery has a well-documented
and steep learning curve15,27; thus, the results of the cur-
rent study should be extrapolated cautiously.

CONCLUSION

The rates of achieving clinical success 5 years after under-
going arthroscopic treatment with capsular closure for
FAIS were not significantly different in patients with
BHD compared with patients with normal acetabular

1622 Beck et al The American Journal of Sports Medicine



coverage. Being physically active, running for exercise,
female sex, and a larger LCEA were preoperative predic-
tors of achieving clinical success at 5 years in patients
with BHD.

REFERENCES

1. Alradwan H, Philippon MJ, Farrokhyar F, et al. Return to preinjury

activity levels after surgical management of femoroacetabular

impingement in athletes. Arthroscopy. 2012;28(10):1567-1576.

2. Beck EC, Nwachukwu BU, Chahla J, et al. Patients with borderline

hip dysplasia achieve clinically significant outcome after arthroscopic

femoroacetabular impingement surgery: a case-control study with

minimum 2-year follow-up. Am J Sports Med. 2019;47(11):2636-

2645.

3. Beck EC, Nwachukwu BU, Kunze KN, Chahla J, Nho SJ. How can we

define clinically important improvement in pain scores after hip

arthroscopy for femoroacetabular impingement syndrome? Minimum

2-year follow-up study. Am J Sports Med. 2019;47(13):3133-3140.

4. Beck EC, Nwachukwu BU, Mehta N, et al. Defining meaningful func-

tional improvement on the visual analog scale for satisfaction at 2

years after hip arthroscopy for femoroacetabular impingement syn-

drome. Arthroscopy. 2020;36(3):734-742.e2.

5. Bernstein DN, Nwachukwu BU, Bozic KJ. Value-based health care:

moving beyond ‘‘minimum clinically important difference’’ to a tiered

system of evaluating successful clinical outcomes. Clin Orthop Relat

Res. 2019;477(5):945-947.

6. Bonazza NA, Homcha B, Liu G, Leslie DL, Dhawan A. Surgical trends

in arthroscopic hip surgery using a large national database. Arthros-

copy. 2018;34(6):1825-1830.

7. Byrd JW. Hip arthroscopy: patient assessment and indications. Instr

Course Lect. 2003;52:711-719.

8. Byrd JW, Jones KS. Hip arthroscopy in the presence of dysplasia.

Arthroscopy. 2003;19(10):1055-1060.

9. Byrd JW, Jones KS. Hip arthroscopy in athletes: 10-year follow-up.

Am J Sports Med. 2009;37(11):2140-2143.

10. Chahla J, Beck EC, Okoroha K, Cancienne JM, Kunze KN, Nho SJ.

Prevalence and clinical implications of chondral injuries after hip

arthroscopic surgery for femoroacetabular impingement syndrome.

Am J Sports Med. 2019;47(11):2626-2635.

11. Chahal J, Van Thiel GS, Mather RC 3rd, 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.

12. Clohisy JC, Carlisle JC, Beaule PE, et al. A systematic approach to

the plain radiographic evaluation of the young adult hip. J Bone Joint

Surg Am. 2008;90(suppl 4):47-66.

13. Cvetanovich GL, Levy DM, Weber AE, et al. Do patients with

borderline dysplasia have inferior outcomes after hip arthroscopic

surgery for femoroacetabular impingement compared with patients

with normal acetabular coverage? Am J Sports Med. 2017;45(9):

2116-2124.

14. Cvetanovich GL, Weber AE, Kuhns BD, et al. Clinically meaningful

improvements after hip arthroscopy for femoroacetabular impinge-

ment in adolescent and young adult patients regardless of gender.

J Pediatr Orthop. 2018;38(9):465-470.

15. Dietrich F, Ries C, Eiermann C, Miehlke W, Sobau C. Complications

in hip arthroscopy: necessity of supervision during the learning curve.

Knee Surg Sports Traumatol Arthrosc. 2014;22(4):953-958.

16. Domb BG, Chaharbakhshi EO, Perets I, Yuen LC, Walsh JP, Ashberg

L. Hip arthroscopic surgery with labral preservation and capsular

plication in patients with borderline hip dysplasia: minimum

5-year patient-reported outcomes. Am J Sports Med. 2018;46(2):

305-313.

17. Domb BG, Martin TJ, Gui C, Chandrasekaran S, Suarez-Ahedo C,

Lodhia P. Predictors of clinical outcomes after hip arthroscopy:

a prospective analysis of 1038 patients with 2-year follow-up. Am J

Sports Med. 2018;46(6):1324-1330.

18. Domb BG, Stake CE, Lindner D, El-Bitar Y, Jackson TJ. Arthroscopic

capsular plication and labral preservation in borderline hip dysplasia:

two-year clinical outcomes of a surgical approach to a challenging

problem. Am J Sports Med. 2013;41(11):2591-2598.

19. Dwyer MK, Lee JA, McCarthy JC. Cartilage status at time of arthros-

copy predicts failure in patients with hip dysplasia. J Arthroplasty.

2015;30(9)(suppl):121-124.

20. Frank RM, Lee S, Bush-Joseph CA, Kelly BT, Salata MJ, Nho SJ.

Improved outcomes after hip arthroscopic surgery in patients under-

going T-capsulotomy with complete repair versus partial repair for

femoroacetabular impingement: a comparative matched-pair analy-

sis. Am J Sports Med. 2014;42(11):2634-2642.

21. Frank RM, Lee S, Bush-Joseph CA, Salata MJ, Mather RC 3rd, Nho

SJ. Outcomes for hip arthroscopy according to sex and age: a

comparative matched-group analysis. J Bone Joint Surg Am. 2016;

98(10):797-804.

22. Griffin DR, Dickenson EJ, O’Donnell J, et al. The Warwick Agreement

on femoroacetabular impingement syndrome (FAI syndrome): an

international consensus statement. Br J Sports Med. 2016;50(19):

1169-1176.

23. Griffin DR, Dickenson EJ, Wall PDH, et al. Hip arthroscopy versus

best conservative care for the treatment of femoroacetabular

impingement syndrome (UK FASHIoN): a multicentre randomised

controlled trial. Lancet. 2018;391(10136):2225-2235.

24. Hanson JA, Kapron AL, Swenson KM, Maak TG, Peters CL, Aoki SK.

Discrepancies in measuring acetabular coverage: revisiting the ante-

rior and lateral center edge angles. J Hip Preserv Surg. 2015;

2(3):280-286.

25. Harris JD, Slikker W 3rd, Gupta AK, McCormick FM, Nho SJ. Routine

complete capsular closure during hip arthroscopy. Arthrosc Tech.

2013;2(2):e89-e94.

26. Harris WH. Traumatic arthritis of the hip after dislocation and acetab-

ular fractures: treatment by mold arthroplasty. An end-result study

using a new method of result evaluation. J Bone Joint Surg Am.

1969;51(4):737-755.

27. Hoppe DJ, de Sa D, Simunovic N, et al. The learning curve for hip

arthroscopy: a systematic review. Arthroscopy. 2014;30(3):389-397.

28. Joseph R, Pan X, Cenkus K, Brown L, Ellis T, Di Stasi S. Sex differ-

ences in self-reported hip function up to 2 years after arthroscopic

surgery for femoroacetabular impingement. Am J Sports Med.

2016;44(1):54-59.

29. Kalore NV, Jiranek WA. Save the torn labrum in hips with borderline

acetabular coverage. Clin Orthop Relat Res. 2012;470(12):3406-

3413.

30. Kosinski M, Zhao SZ, Dedhiya S, Osterhaus JT, Ware JE Jr. Deter-

mining minimally important changes in generic and disease-specific

health-related quality of life questionnaires in clinical trials of rheuma-

toid arthritis. Arthritis Rheum. 2000;43(7):1478-1487.

31. Kunze KN, Leong NL, Beck EC, Bush-Joseph CA, Nho SJ. Hip

arthroscopy for femoroacetabular impingement improves sleep qual-

ity postoperatively. Arthroscopy. 2019;35(2):461-469.

32. Leopold SS. Editor’s spotlight/take 5: comparative responsiveness

and minimal clinically important differences for idiopathic ulnar

impaction syndrome. Clin Orthop Relat Res. 2013;471(5):1403-1405.

33. Li RT, Liu RW, Neral M, et al. Use of the false-profile radiographic

view to measure pelvic incidence. Am J Sports Med. 2018;46(9):

2089-2095.

34. Malloy P, Gray K, Wolff AB. Rehabilitation after hip arthroscopy:

a movement control-based perspective. Clin Sports Med. 2016;35(3):

503-521.

35. Malviya A, Stafford GH, Villar RN. Impact of arthroscopy of the hip for

femoroacetabular impingement on quality of life at a mean follow-up

of 3.2 years. J Bone Joint Surg Br. 2012;94(4):466-470.

36. Martin RL, Kelly BT, Philippon MJ. Evidence of validity for the Hip

Outcome Score. Arthroscopy. 2006;22(12):1304-1311.

37. Matsuda DK, Gupta N, Khatod M, et al. Poorer arthroscopic out-

comes of mild dysplasia with cam femoroacetabular impingement

AJSM Vol. 48, No. 7, 2020 Five-Year Outcomes of Borderline Hip Dysplasia 1623



versus mixed femoroacetabular impingement in absence of capsular

repair. Am J Orthop (Belle Mead NJ). 2017;46(1):e47-e53.

38. Matsuda DK, Kivlan BR, Nho SJ, et al. Arthroscopic outcomes as

a function of acetabular coverage from a large hip arthroscopy study

group. Arthroscopy. 2019;35(8):2338-2345.

39. McCarthy JC, Lee JA. Acetabular dysplasia: a paradigm of arthro-

scopic examination of chondral injuries. Clin Orthop Relat Res. 2002;

405:122-128.

40. Nawabi DH, Degen RM, Fields KG, et al. Outcomes after arthroscopic

treatment of femoroacetabular impingement for patients with border-

line hip dysplasia. Am J Sports Med. 2016;44(4):1017-1023.

41. Nho SJ, Beck EC. Editorial commentary. If you can’t see it, you can’t

treat it: proper hip radiographic views are critical. Arthroscopy.

2019;35(6):1807-1808.

42. Nho SJ, Beck EC, Nwachukwu BU, et al. Survivorship and outcome

of hip arthroscopy for femoroacetabular impingement syndrome per-

formed with modern surgical techniques. Am J Sports Med.

2019;47(7):1662-1669.

43. Notzli HP, Wyss TF, Stoecklin CH, Schmid MR, Treiber K, Hodler J.

The contour of the femoral head-neck junction as a predictor for the risk

of anterior impingement. J Bone Joint Surg Br. 2002;84(4):556-560.

44. Nwachukwu BU. Editorial commentary. PASSing the test versus

acing it: understanding clinically significant outcome improvement

in arthroscopic hip surgery. Arthroscopy. 2019;35(5):1463-1465.

45. Nwachukwu BU, Chang B, Adjei J, et al. Time required to achieve

minimal clinically important difference and substantial clinical benefit

after arthroscopic treatment of femoroacetabular impingement. Am J

Sports Med. 2018;46(11):2601-2606.

46. Nwachukwu BU, Chang B, Beck EC, et al. How should we define

clinically significant outcome improvement on the iHOT-12? HSS J.

2019;15(2):103-108.

47. Nwachukwu BU, Chang B, Fields K, et al. Defining the ‘‘substantial

clinical benefit’’ after arthroscopic treatment of femoroacetabular

impingement. Am J Sports Med. 2017;45(6):1297-1303.

48. Nwachukwu BU, Chang B, Kahlenberg CA, et al. Arthroscopic treat-

ment of femoroacetabular impingement in adolescents provides clin-

ically significant outcome improvement. Arthroscopy. 2017;33(10):

1812-1818.

49. Nwachukwu BU, Chang B, Rotter BZ, Kelly BT, Ranawat AS, Nawabi

DH. Minimal clinically important difference and substantial clinical

benefit after revision hip arthroscopy. Arthroscopy. 2018;34(6):

1862-1868.

50. Nwachukwu BU, Chang B, Voleti PB, et al. Preoperative Short Form

Health Survey score is predictive of return to play and minimal clini-

cally important difference at a minimum 2-year follow-up after ante-

rior cruciate ligament reconstruction. Am J Sports Med. 2017;45(12):

2784-2790.

51. Nwachukwu BU, Fields K, Chang B, Nawabi DH, Kelly BT, Ranawat

AS. Preoperative outcome scores are predictive of achieving the

minimal clinically important difference after arthroscopic treatment

of femoroacetabular impingement. Am J Sports Med. 2017;45(3):

612-619.

52. Sakai T, Nishii T, Sugamoto K, Yoshikawa H, Sugano N. Is vertical-

center-anterior angle equivalent to anterior coverage of the hip?

Clin Orthop Relat Res. 2009;467(11):2865-2871.

53. Saltzman BM, Kuhns BD, Basques B, et al. The influence of body

mass index on outcomes after hip arthroscopic surgery with capsular

plication for the treatment of femoroacetabular impingement. Am J

Sports Med. 2017;45(10):2303-2311.

54. Shah A, Kay J, Memon M, et al. Clinical and radiographic predictors

of failed hip arthroscopy in the management of dysplasia: a system-

atic review and proposal for classification [published online February

28, 2019]. Knee Surg Sports Traumatol Arthrosc. doi:10.1007/

s00167-019-05416-3

55. Slikker W 3rd, Van Thiel GS, Chahal J, Nho SJ. The use of double-

loaded suture anchors for labral repair and capsular repair during

hip arthroscopy. Arthrosc Tech. 2012;1(2):e213-e217.

56. Stone AV, Beck EC, Malloy P, et al. Preoperative predictors of

achieving clinically significant athletic functional status after hip

arthroscopy for femoroacetabular impingement at minimum 2-year

follow-up. Arthroscopy. 2019;35(11):3049-3056.e1.

57. Tabachnick BG, Fidell LS. Using Multivariate Statistics. 6th ed. Bos-

ton: Pearson; 2007.
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