
Prevalence and Clinical Implications
of Chondral Injuries After Hip Arthroscopic
Surgery for Femoroacetabular
Impingement Syndrome

Jorge Chahla,* MD, PhD, Edward C. Beck,* MPH, Kelechi Okoroha,* MD,
Jourdan M. Cancienne,* MD, Kyle N. Kunze,* BS, and Shane J. Nho,*y MD, MS
Investigation performed at Rush University Medical Center, Chicago, Illinois, USA

Background: Studies on the effect of partial- and full-thickness chondral damage of the hip on outcomes and the ability to
achieve meaningful clinical outcomes are limited.

Purpose: To determine the effect of full- and partial-thickness chondral injuries on 2-year outcomes in patients undergoing hip
arthroscopic surgery for femoroacetabular impingement syndrome (FAIS) compared with patients without chondral damage, and
to identify significant predictors of achieving the patient acceptable symptomatic state (PASS) and minimal clinically important
difference (MCID).

Study Design: Case-control study; Level of evidence, 3.

Methods: Data from consecutive patients with evidence of chondromalacia at the time of primary hip arthroscopic surgery with
routine capsular closure for the treatment of FAIS by a single fellowship-trained surgeon between January 2012 and September
2016 were reviewed. Patients were divided into groups with partial-thickness (grade I-III) or full-thickness (grade IV) chondral defects
and matched by age and body mass index (BMI) to patients without chondral injuries. Preoperative and postoperative outcomes
were compared among the 3 groups, and a binary logistic regression analysis was utilized to identify significant predictors of achiev-
ing the MCID and PASS.

Results: There were 634 patients included in the analysis, with a mean age of 34.5 6 10.9 years and a mean BMI of 25.2 6 4.7 kg/m2.
A total of 493 (77.8%) patients had no evidence of chondral damage, 92 (14.5%) patients had partial-thickness chondral defects, and
49 (7.7%) patients had full-thickness chondral defects. There were statistically significant differences in the Hip Outcome Score (HOS)–
Activities of Daily Living, HOS–Sports Subscale, modified Harris Hip Score, pain, and satisfaction (P \ .01) among the 3 groups.
Patients with grade IV chondromalacia experienced the poorest outcomes and lowest percentage of achieving the PASS. Predictors
for achieving any PASS threshold included preoperative alpha angle (odds ratio [OR], 0.96; P = .016), absence of preoperative limping
(OR, 7.25; P = .002), absence of preoperative chronic pain (OR, 5.83; P = .019), primary hip arthroscopic surgery (OR, 0.17; P = .050),
patients who self-identified as runners (OR, 2.27; P = .037), and Tönnis grade 0 (OR, 2.86; P = .032). Male sex (OR, 2.49; P = .015) was
the only predictor of achieving any MCID threshold.

Conclusion: Patients with grade IV chondral defects experienced worse functional outcomes, lower satisfaction, and increased
pain when compared with both patients without chondral damage or grade I-III chondromalacia at 2-year follow-up. Several pre-
dictors were associated with achieving clinically significant function in patients undergoing hip arthroscopic surgery for FAIS.

Keywords: hip; femoroacetabular impingement; chondromalacia; minimal clinically important difference; patient acceptable
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The effect of hip chondral lesions at the time of hip arthro-
scopic surgery remains incompletely understood.4 This is
likely because of the multitude of concomitant factors
that can negatively affect outcomes in patients with

chondral damage, some of which include the location and
extent of the chondral lesion, the geometry of the head-
neck junction, the degree of head coverage, altered biome-
chanics, and demographic factors.29,42 Similar to other
joints, cartilage defects in the hip constitute a significant
challenge because of their unclear treatment algorithm
and predisposition to joint degeneration if left untreated.19

It has been reported that arthroscopic treatment of femo-
roacetabular impingement syndrome (FAIS) and labral
tears in patients with mild osteoarthritis (Tönnis grade
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1) can result in similar clinical improvements to those with
no osteoarthritis (Tönnis grade 0).9 This is of high clinical
significance, given the limited survivorship and longevity
of total hip arthroplasty in younger patients with higher
activity demands.

Despite substantial biomechanical differences between
the 2 joints, most current cartilage restoration procedures
for the hip have been adopted from surgical techniques for
the knee.2,10,34 A recent systematic review by Nakano
et al31 reported that there are more than 10 different tech-
niques described for cartilage repair in the hip and that
most of them have good short- to medium-term outcomes.
However, there is limited literature evaluating differences
in outcomes between patients with partial- versus full-
thickness injuries. In addition, improvements in patient-
reported outcome measures in those with chondral injuries
are not always clinically significant and thus remain diffi-
cult to interpret.

For the abovementioned reasons, the purpose of the cur-
rent study was to determine the effect of full- and partial-
thickness chondral injuries on 2-year outcomes in patients
undergoing hip arthroscopic surgery for FAIS when com-
pared with patients without chondral damage. Additionally,
we sought to identify significant predictors of achieving the
patient acceptable symptomatic state (PASS) and minimal
clinically important difference (MCID) in this specific
patient population. Our hypothesis was that the presence
of chondral injuries would negatively affect outcomes and
decrease the likelihood of achieving clinically significant
improvements in regard to the PASS and MCID.

METHODS

Patient Enrollment

After institutional review board approval, data from
patients undergoing hip arthroscopic surgery and labral
repair for FAIS with evidence of a cartilage injury at the
time of surgery between January 2012 and September
2016 were extracted. All clinical data were prospectively
collected in a secure repository, and patient-reported out-
comes were collected in a secure electronic outcome data
collection database. Inclusion criteria consisted of a diagno-
sis of FAIS, based on established criteria,13 in patients
with failed nonoperative treatment (eg, physical therapy,
lifestyle modification, nonsteroidal anti-inflammatory
drugs, hip injections) who ultimately underwent hip
arthroscopic surgery with intraoperative documentation
of the cartilage status with a minimum 2-year follow-up.
Exclusion criteria were patients with a history of pediatric
deformities (congenital hip dislocation, slipped capital

femoral epiphysis, or Perthes disease), osteoarthritis or
a joint space narrowing\2 mm (Tönnis grade .1), hip dys-
plasia (lateral center edge angle [LCEA] \20�), a history of
lower extremity surgery, and a history of contralateral hip
arthroscopic surgery. The control group consisted of
consecutive patients who met the same exclusion and
inclusion criteria without intraoperative evidence of a carti-
lage injury. Grade I-III and grade IV chondromalacia
groups were subsequently compared with the control group
of patients without chondromalacia (matched by body mass
index [BMI] and age).12,44 Patients with grade I-III chon-
dromalacia were grouped together into the low-grade
group, as these were considered to be patients with par-
tial-thickness lesions, whereas those with grade IV chon-
dromalacia were classified separately into the high-grade
group, as they encompassed patients with full-thickness
chondral lesions.

Chondral Grading System

The classification from Beck et al1 was utilized to grade
chondral injuries, given its high interobserver reliability
for outcome reporting.33 This classification is based on
the type and depth of chondral damage as an isolated
lesion in the acetabulum. It distinguishes 4 categories of
lesions: grade I is chondromalacia or cartilage fibrillation;
grade II is described as ‘‘debonding’’ or loss of chondral fix-
ation but with an intact cartilage surface; grade III repre-
sents a loss of fixation, thinning of the cartilage, and
formation of a chondral flap; and grade IV is a full-
thickness injury. For the purpose of this study, chondral
injuries were classified as Beck grades I, II, and III (partial
thickness) or grade IV (full thickness) as described above.
Chondral grading for all patients was performed intraoper-
atively by the senior author (S.J.N.).

Radiographic Assessment

Preoperative and postoperative weightbearing anteropos-
terior (AP) pelvis, false profile, and 45� Dunn views were
obtained for all participants. The Tönnis grade, LCEA,
and alpha angle were assessed on all AP pelvis radio-
graphs. The LCEA was measured from the vertical to lat-
eral edge of the acetabular rim. The anterior center edge
angle (ACEA) was measured from the vertical to lateral
edge of the acetabular rim in the false profile view. All
patients underwent magnetic resonance imaging before
surgery. All measurements and assessments were per-
formed by a trained fourth-year medical student, a sports
fellow, and a fellowship-trained orthopaedic surgeon
(E.C.B., J.C., S.J.N.).
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Operative Technique

All hip arthroscopic procedures were performed by a single
fellowship-trained hip surgeon (S.J.N.) at a high-volume
academic hospital whose technique has been previously
described in the literature.11,15,41 A standard anterolateral
portal was established under fluoroscopic guidance, and
a subsequent modified midanterior portal was established
via spinal needle localization under direct arthroscopic
visualization. A 2-cm capsulotomy site was then created,
connecting the anterior and anterolateral portals. Central
compartment abnormalities were then addressed in a stan-
dard fashion, including labral repair or debridement and
acetabular rim trimming if pincer morphology was pres-
ent. Grade I-III chondral injuries were then debrided
with a combination of mechanical shavers and radiofre-
quency probes, while all grade IV chondral injuries were
treated with microfracture.

After completion of the procedures in the central com-
partment, traction was released, and the hip was flexed
to 20� to access the peripheral compartment. Via the ante-
rior portal, the arthroscope was placed into the peripheral
compartment, and T-capsulotomy was performed between
the 12- and 2-o’clock positions to the intertrochanteric
line. A suture-passing device (SlingShot Suture Manager;
Stryker) was used to reflect the capsule using No. 2
high–molecular weight polyethylene sutures (BioCompo-
site Corkscrew; Arthrex) in the medial and lateral leaflets
of the iliofemoral ligament and another in the lateral leaf-
let of the iliofemoral ligament. Both stitches were retrieved
out of the anterolateral portal and tensioned with a hemo-
stat against the skin. With the capsule reflected, osteo-
chondroplasty of the cam deformity was performed. A
dynamic examination and fluoroscopic imaging were used
to confirm complete osteochondroplasty with appropriate
head-neck offset restoration. Once the arthroscopic

procedure was complete, full capsular closure via plication
was performed to ensure normal biomechanical properties
of the iliofemoral ligament.32

Capsular plication was then performed in all patients using
the same technique as follows. The suture-passing device
loaded with suture was inserted through the cannula in the
distal anterolateral accessory portal, and a full-thickness
pass was made through the medial limb of the T-capsulotomy
site, followed by a larger full-thickness bite in the lateral leaf-
let. Plication of the vertical limb was performed with the
amount of leaflet overlap dependent on the degree of capsular
laxity. Depending on the integrity of the iliofemoral ligament
and size of the capsulotomy site, 2 to 4 interrupted sutures
were used to close the vertical limb. The interportal limb
was typically closed by approximation of the leaflets; however,
the interportal capsule was tightened based on capsular
redundancy by alternately advancing the location where
sutures were passed through the acetabular leaflet of the
interportal limb.

Postoperative Rehabilitation

Rehabilitation started on postoperative day 1 for all
patients as previously described and did not differ from
therapy indicated for FAIS cases.25,30 Patients went
through a 4-phase rehabilitation protocol that lasted
a mean of 16 to 18 weeks (Table 1). Phase 1 prioritized joint
protection and soft tissue mobilization techniques. The sur-
gical limb was initially restricted to 20-lb foot-flat weight-
bearing during this phase. Patients were weaned off
crutches if they demonstrated ambulatory capability with-
out significant pain or compensatory movements at 3
weeks postoperatively. Patients with grade IV lesions
were limited to 20-lb foot-flat weightbearing and used
crutches for the first 6 to 8 weeks as a modification to
this protocol. Patients advanced to phase 2 if they

TABLE 1
Postoperative Rehabilitation Protocol

Phase Goal Restrictions Techniques

1 Protect the joint 20-lb foot-flat weightbearing at 3 wk
Limit flexion, abduction, and extension at 3 wk
No active sitting .30 min at 3 wk

Soft tissue mobilization
Isometrics

2 Noncompensatory
gait progression
and active range
of motion

Work to avoid compensatory gait Joint mobilization
Gait training
Core strengthening/lumbar stabilization
Scar mobilization
Lumbar stabilization
Elliptical at 6 wk

3 Return to preinjury
function

Avoid agility drills until 10 wk
Avoid hip rotational activities until 10 wk

Single-legged squats
Soft tissue and joint mobilization
Core strengthening
Joint mobilization
Gait training

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

Soft tissue and joint mobilization
Cardiovascular strength exercises
Agility training
Plyometrics
Slow progression to return to preoperative level
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demonstrated full weightbearing capabilities. Phase 2 con-
centrated on normal gait maintenance, full range of motion
restoration, improvement of neuromuscular control, and
maintenance of pelvic and core stability. Patients pro-
gressed to phase 3 if gait was determined to be normal
and pain-free with adequate neuromuscular control. Phase
3 included single-legged squats and strengthening, soft tis-
sue and joint mobilization, and cardiovascular fitness.
Phase 4 emphasized returning to the preinjury level of
sports participation. Patients were cleared to return to
sports if they were able to participate in sports without
pain, had full dynamic functional control, and passed
return-to-sports tests (including but not limited to resisted
single-legged squats and lateral agility).

Patient-Reported Clinical Function

To quantify the clinical significance of outcomes for ath-
letes and nonathletes individually, we applied the princi-
ples of the MCID and PASS as defined for functional
patient-reported outcome measures. Prior work has pro-
posed that the MCID be considered a minimum target for
outcome improvement, while the PASS can be considered

to represent a satisfactory outcome that is acceptable to
the patient.35 The Hip Outcome Score (HOS)–Activities of
Daily Living (ADL), HOS–Sports Subscale (SS), and modi-
fied Harris Hip Score (mHHS) values were assessed preop-
eratively and at 2-year postoperative time points (22-24
months). Patients also reported their visual analog scale
scores for pain and satisfaction at the same time points.
As previously described in the literature, the MCID for
the HOS-ADL, HOS-SS, and mHHS was determined by
calculating the 0.5 SD of the mean change of the respective
outcome scoring tool in the study patients.20,27,37

The PASS for the HOS-ADL, HOS-SS, and mHHS at 2
years was calculated using an anchor-based method. To
identify the satisfaction score associated with the PASS,
patients were asked the following question: ‘‘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 was then identified using a receiver operating
characteristic (ROC) curve analysis as conducted in prior
studies (analysis provided in Appendix 1, available in the
online version of this article).5,8 A sensitivity and specific-
ity of 0.80 were used as cutoffs for determining the thresh-
old cutoff scores.

Figure 1. Flowchart of the statistical analysis used to build the predictive regression model. Briefly, a correlation analysis was
used to filter variables correlated with clinical failure or inferior clinical outcomes, and then an exploratory factor analysis using
principal components was performed to limit the collinearity of variables in the final model. MCID, minimal clinically important
difference; PASS, patient acceptable symptomatic state; PRO, patient-reported outcome; ROC, receiver operating characteristic.
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Statistical Analysis

All data were confirmed to have met all parametric statis-
tical assumptions before analysis. Two binary logistic
regression models were created: 1 for achieving any
MCID threshold and another for achieving any PASS
threshold. The process of creating the models is summa-
rized in Figure 1. Pearson and Spearman covariate analy-
ses were performed between the MCID and PASS with
preoperative, intraoperative, and postoperative variables
to identify variables to fit in the exploratory analysis for
the final logistic models. To identify predictors of achieving
the MCID and PASS in patients with chondromalacia, an
exploratory factor analysis was performed on the variables
with statistically significant correlations to achieving an
intermediate (achieving any MCID threshold) or high
meaningful clinical outcome (achieving any PASS thresh-
old) using principal component (PC) extraction (ie, eigen-
vector decomposition) with a varimax rotation to reduce
redundancy in the predictor variables. A Kaiser-Meyer-
Olkin value of 0.7 was found, which demonstrates that
data were appropriate for factor analysis, as this value
exceeded a recommended value of 0.6 for exploratory factor

analysis.43 A screen plot was examined to determine the
number of PCs to retain for analysis. Each extracted PC
was used to calculate the percentage of variance by divid-
ing the eigenvalue of each PC by the sum of all eigenval-
ues. The contribution of each variable to the PC was
determined using the factor loadings of each variable. A
variable that demonstrated a factor loading of greater
than 60.25 for a PC was retained as a predictor variable
for the follow-up binary logistic regression analysis used
to predict high- versus low-functioning 2-year postopera-
tive patient-reported outcome scores. Once a final model
was created for the PASS and MCID, an ROC curve anal-
ysis was performed to determine how well each model rep-
resented the study group.40

Descriptive statistics for all continuous variables were
reported as mean 6 SD, and statistics for all noncontinu-
ous variables were reported as frequency and proportion.
A paired-samples t test was used to compare preoperative
and 2-year postoperative patient-reported outcome scores
in patients with FAIS. Statistical significance for all anal-
yses was set at a � .05. All statistical analyses were per-
formed using SPSS statistical software (v 25.0; IBM).

RESULTS

Patient Characteristics

A total of 790 patients had a reported intraoperative carti-
lage status, of whom 634 (80.3%) had 2-year reported out-
comes (mean follow-up, 27.8 6 3.8 months) and were
included in the final analysis (Figure 2). The majority of
patients (77.8%) did not have evidence of cartilage damage,
while 14.5% had grade I-III (partial thickness) chondral
injuries, and 7.7% had grade IV (full thickness) chondral
injuries (Table 2). Overall, there were more women
(65.8%), with an overall mean age of 34.5 6 10.9 years
and a mean BMI of 25.2 6 4.7 kg/m2. There were no statis-
tically significant differences in the age or BMI between
groups (P = .086 and P = .259, respectively). There was,
however, a statistically significant difference in the fre-
quency of male versus female patients with grade I-III
(21.8% vs 10.8%, respectively; P \ .001) and grade IV
(10.6% vs 6.2%, respectively; P \ .001) chondromalacia
(Table 3). Of note, a total of 19 (3.0%) patients included
in the study underwent labral debridement, 13 of whom
did not have evidence of chondromalacia, 3 of whom had
grade I-III chondromalacia, and 3 of whom had grade IV
chondromalacia.

TABLE 2
Acetabular Damage Based on the

Beck Classification System

Grade n (%)

None 493 (77.8)
I-III 92 (14.5)
IV 49 (7.7)

Figure 2. PRISMA (Preferred Reporting Items for Systematic
Meta-Analyses) diagram of the final cohort selection, show-
ing a flowchart of the study population recruitment window
as well as exclusion and inclusion criteria.
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Radiographic Analysis

Postoperatively, there was a statistically significant
improvement in all measured variables including alpha
angle (AP, false profile, and Dunn), LCEA, and ACEA
(P \ .001). An independent-samples t test was used to ana-
lyze differences in preoperative and postoperative radio-
graphic findings between patients with and without
chondromalacia. While there were statistically significant
differences between the groups in regard to the preopera-
tive alpha angle in the AP, false profile, and Dunn views,
as well as the ACEA, there were no significant postopera-
tive radiographic differences (Table 4).

Analysis of Chondral Damage

Analysis of baseline patient-reported outcome scores dem-
onstrated no statistically significant differences between
groups. However, a comparison of 2-year postoperative
patient-reported outcomes demonstrated statistically sig-
nificant differences in all outcome scores (Table 5).
Patients with grade IV chondromalacia had the lowest 2-
year outcome and satisfaction scores and the highest
pain scores.

Analysis of Outcome Differences
by Chondromalacia Severity

The threshold scores for the change in the HOS-ADL, HOS-
SS, and mHHS to achieve the MCID were 15.4, 13.1, and
16.8, respectively. The threshold scores for the 2-year
HOS-ADL, HOS-SS, and mHHS to achieve the PASS were
86.0, 69.1, and 80.2, respectively. There was a statistically
significant difference between the number of patients
achieving the MCID for the HOS-ADL (P = .044) and
HOS-SS (P = .001) and the PASS for the HOS-ADL (P =
.019), HOS-SS (P = .005), and mHHS (P = .022) when com-
paring all 3 groups (Table 6). Patients with grade IV chon-
dromalacia had the lowest percentage of patients
achieving both the PASS and the MCID for the HOS-
ADL, HOS-SS, and mHHS when compared with patients
with grade I-III chondromalacia and no chondromalacia.

MCID and PASS Logistic Regression Analysis Models

The factor analysis for achieving MCID consisted of 5 PCs
that explained 67.9% of the variance of the predictor vari-
ables, while the analysis for achieving PASS consisted of 7
PCs that explained 68.7% of the variance of the predictor

TABLE 3
Patient Demographics by Chondromalacia Statusa

No Chondromalacia Low-Grade Chondromalacia High-Grade Chondromalacia P Value

Age, y 34.0 6 11.2 35.4 6 10.1 37.4 6 10.8 .086
Sex, n (%)

Male 147 (67.6) 47 (21.8) 23 (10.6) —b

Female 346 (83.0) 45 (10.8) 26 (6.2) \.001
BMI, kg/m2 25.0 6 4.6 25.6 6 4.5 26.1 6 5.3 .259

aData are reported as mean 6 SD unless otherwise specified. Bolded value indicates statistical significance (P \ .05). BMI, body mass
index.

bReference for chi-square analysis.

TABLE 4
Radiographic Measurements by Chondromalacia Statusa

No Chondromalacia Low-Grade Chondromalacia High-Grade Chondromalacia P Value

Preoperative
Alpha angle (AP) 72.2 6 12.8 73.6 6 13.6 79.5 6 15.9 .001
LCEA 30.9 6 5.7 31.7 6 7.7 30.3 6 6.5 .373
ACEA 33.2 6 6.4 33.8 6 5.3 29.3 6 7.8 .003
Alpha angle (false profile) 63.4 6 11.1 65.5 6 12.3 75.2 6 15.4 \.001
Alpha angle (Dunn) 64.6 6 10.7 65.9 6 11.2 72.6 6 14.3 \.001

Postoperative
Alpha angle (AP) 43.9 6 5.1 44.8 6 6.8 43.9 6 4.6 .589
LCEA 27.9 6 5.4 28.1 6 5.4 26.9 6 6.6 .762
ACEA 30.0 6 6.1 29.4 6 6.2 28.4 6 4.3 .252
Alpha angle (false profile) 41.1 6 4.8 41.6 6 5.2 42.9 6 3.7 .960
Alpha angle (Dunn) 38.5 6 4.3 38.6 6 4.5 38.8 6 3.2 .504

aData are reported as mean 6 SD. Bolded values indicate statistical significance (P \ .05). ACEA, anterior center edge angle; AP, ante-
roposterior; LCEA, lateral center edge angle.
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variables. The rotation factor analysis for each predictor
variable can be found in Appendix 2, available online.
The variables retained for analysis were based on the PC
loadings that were statistically significant in the MCID
and PASS logistic regression models and are reported in
Table 7. Briefly, the only variable that was a statistically
significant predictor of achieving the MCID was male sex
(odds ratio [OR], 2.49; P = .015). The predictors for achieving
the PASS included preoperative alpha angle (OR, 0.96; P =
.016), no preoperative limping (OR, 7.25; P = .002), absence
of preoperative chronic pain defined as �2 years (OR, 5.83;
P = .019), no prior primary hip arthroscopic surgery (OR,
0.17; P = .050), running (OR, 2.27; P = .037), and Tönnis
grade 0 (OR, 2.86; P = .032). Both the MCID and the
PASS logistic models demonstrated a good fit with an area
under the curve of 0.719 and 0.724, respectively, in the
ROC curve analysis (Appendix 3, available online).

Clinical Failures

At 2-year follow-up, there were a total of 16 patients who
experienced failure as defined by undergoing revision
hip arthroscopic surgery or conversion to total hip

arthroplasty. A total of 12 patients underwent revision
hip arthroscopic surgery, 8 of whom had no evidence of
chondromalacia, 2 of whom had grade I-III chondromala-
cia, and 2 of whom had grade IV chondromalacia. Further-
more, 7 patients underwent conversion to total hip
arthroplasty (1 with prior revision), 2 of whom had no evi-
dence of chondromalacia and 5 of whom had grade IV
chondromalacia.

DISCUSSION

The main findings of the current study were that patients
with chondral damage at the time of hip arthroscopic surgery
demonstrated significant improvements in clinical and func-
tional outcomes, as well as satisfaction and pain scores, at
a minimum of 2 years postoperatively compared with preop-
erative scores. Furthermore, when stratified by chondral
damage, patients with partial-thickness chondral injuries
demonstrated significantly better functional outcomes and
improvements in pain and more frequently achieved clini-
cally significant outcome improvement than those with full-
thickness chondral injuries. Additionally, male sex was
identified as a predictor of achieving the MCID, while

TABLE 6
Analysis of Achieving the PASS and MCIDa

No Chondromalacia Low-Grade Chondromalacia High-Grade Chondromalacia P Value

MCID
HOS-ADL 296 (74.7) 50 (69.4) 26 (57.8) .044
HOS-SS 286 (77.3) 49 (74.2) 20 (54.0) .001
mHHS 303 (82.3) 52 (83.3) 27 (71.1) .080

PASS
HOS-ADL 337 (68.4) 68 (73.9) 25 (51.0) .019
HOS-SS 325 (69.9) 66 (77.6) 22 (50.0) .005
mHHS 297 (64.8) 57 (65.5) 21 (44.7) .022

aData are reported as n (%). Bolded values indicate statistical significance (P \ .05). HOS-ADL, Hip Outcome Score–Activities of Daily
Living; HOS-SS, Hip Outcome Score–Sports Subscale; MCID, minimal clinically important difference; mHHS, modified Harris Hip Score;
PASS, patient acceptable symptomatic state.

TABLE 5
Patient-Reported Outcome Scores by Chondromalacia Statusa

No Chondromalacia Low-Grade Chondromalacia High-Grade Chondromalacia P Value

Preoperative
HOS-ADL 66.0 6 17.7 68.2 6 18.4 65.4 6 19.2 .792
HOS-SS 42.9 6 22.5 45.1 6 22.9 45.2 6 25.9 .539
mHHS 57.8 6 14.3 60.6 6 13.8 56.6 6 13.9 .363
VAS pain 66.1 6 20.1 68.1 6 21.5 74.9 6 15.6 .063

Postoperative
HOS-ADL 87.9 6 14.9 87.2 6 17.1 79.8 6 17.6 .004
HOS-SS 77.2 6 23.9 76.6 6 24.5 61.2 6 29.7 .001
mHHS 82.5 6 16.2 81.3 6 15.3 73.2 6 17.9 .002
VAS pain 18.4 6 21.7 18.9 6 23.3 32.3 6 27.5 .001
VAS satisfaction 82.8 6 28.5 81.0 6 30.6 67.7 6 31.5 .007

aData are reported as mean 6 SD. Bolded values indicate statistical significance (P \ .05). 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.
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preoperative alpha angle, absence of preoperative limping,
primary hip arthroscopic surgery, absence of chronic preop-
erative pain, running for sport, and Tönnis grade 0 were
identified as predictors for achieving the PASS.

Despite the sensitivity and specificity of preoperative
imaging for patients undergoing hip arthroscopic surgery,
previously undiagnosed cartilage defects are commonly
found at the time of surgery.7,18,24,39 Kemp and colleagues21

quantified the prevalence of chondral injuries (defined as
Outerbridge grade �1) in patients undergoing hip arthro-
scopic surgery and determined it to be 40% in a total of 58
patients with FAIS. The current study found that the prev-
alence of chondral injuries was 22.2% in a total of 634
patients. The present study examined a cohort with more
than 10 times the number of patients and may provide a bet-
ter estimate of the incidence of chondral injuries at the time
of hip arthroscopic surgery. Furthermore, it is possible that
the prevalence of 40% determined by Kemp and colleagues
was an overestimate in a smaller sample of patients or
that their technique of a cartilage assessment differs from
the one used in this study. Despite differing estimates, these
numbers suggest that patients with FAIS have a relatively
high prevalence of concomitant chondral injuries. Other
studies have demonstrated a high frequency of chondral
injuries among patients with FAIS. In a Danish registry
with 686 FAIS procedures, Lund et al28 reported a preva-
lence of 88% for chondral injuries. This higher prevalence
could be related to the duration of symptoms, as Scandina-
vian countries may have more strict policies for surgical
procedure indications, specifically after failing other nonop-
erative measures for a certain period of time. As the dura-
tion of symptoms is not stated in the abovementioned
study, this cannot be concluded but should raise the ques-
tion for future research.

The geometry of the femoral head and acetabulum artic-
ulation in patients with FAIS is thought to predispose
patients to premature osteoarthritis through the gradual
degeneration of articular cartilage,16,18,38 which likely
begins with chondral damage. The current study suggests
that chondral damage may be an independent risk factor
for poorer functional and clinical outcomes. This finding
is in accordance with previous literature that suggests

that patients with mild chondral damage have inferior out-
comes compared with patients without chondral damage.21

Bhatia et al3 reported on 308 patients with grade IV chon-
dral defects identified at the time of hip arthroscopic sur-
gery. The authors reported that full-thickness injuries
were associated with a decreased joint space, increased
time from symptom onset to arthroscopic surgery, male
sex, and a larger alpha angle. Similarly, Suarez-Ahedo
et al42 suggested that greater chondrolabral damage was
associated with male sex, more advanced age, anterior
extension of the acetabular chondral lesion within the
anterosuperior quadrant, labral detachment from the ace-
tabular cartilage, and posterior extension of the labral
tear. Although these studies identified factors associated
with chondral damage, the current study provides clinical
implications of such associations and demonstrates that
full-thickness chondral lesions are not only associated
with inferior outcomes but also with a less likelihood of
achieving meaningful clinical differences.

In our specific study population of patients with grade I-
IV chondromalacia who underwent femoral osteochondro-
plasty with modern capsular repair techniques, decreased
joint space, sex, preoperative alpha angle, and duration of
pain were all significant predictors of clinically significant
outcome improvement. To our knowledge, factors associated
with clinically significant outcome improvement in patients
with FAIS and chondral injuries at the time of surgery have
yet to be investigated. These data may provide further prog-
nostic information to the treating surgeon to better counsel
this complex patient population with advanced chondral
disease choosing to undergo hip arthroscopic surgery on
postoperative expectations. Specifically, treating surgeons
may inform these patients that it is possible that they
may not experience the same clinical improvement in the
short term as a patient with FAIS without chondral disease.

Furthermore, when stratifying patients by the degree of
chondromalacia severity, the current study found that
patients with full-thickness chondral injuries experienced
significantly less improvement than those with partial-
thickness chondral injuries, despite undergoing similar reha-
bilitation protocols. This is in accordance with the results
published by Kemp and colleagues,21 which demonstrated

TABLE 7
Binomial Logistic Regression Analysis of Achieving the PASS for the HOS-ADL, HOS-SS,

and mHHS and the MCID for the HOS-ADL and HOS-SSa

Odds Ratio 95% CI P Value

MCID
Male sex 2.49 1.19-5.21 .015

PASS
Preoperative alpha angle 0.96 0.93-0.99 .016
Absence of limping 7.25 2.12-24.83 .002
No preoperative chronic pain 5.83 1.34-25.35 .019
Running 2.27 1.05-4.91 .037
Primary arthroscopic surgery 0.17 0.02-1.00 .050
Tönnis grade 0 2.86 1.09-7.50 .032

aHOS-ADL, Hip Outcome Score–Activities of Daily Living; HOS-SS, Hip Outcome Score–Sports Subscale; MCID, minimal clinically
important difference; mHHS, modified Harris Hip Score; PASS, patient acceptable symptomatic state.
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that patients with severe chondral injuries had worse out-
comes than those with mild chondral injuries with respect
to the Hip Disability and Osteoarthritis Outcome Score
(HOOS)–Stiffness, HOOS-Pain, HOOS–Activities of Daily
Living, HOOS–Sport and Recreation, HOOS–Quality of
Life, and International Hip Outcome Tool–33. This finding
has also been demonstrated by Haviv et al,17 who reported
that patients with severe chondral injuries experience worse
outcomes than patients with hips that have less chondral
damage. While these studies have reported on outcome
scores, they did not examine the effect of chondral injuries
on achieving the MCID and PASS.

Nwachukwu and colleagues36 have defined the HOS-
ADL, HOS-SS, and mHHS threshold scores for achieving
the MCID as 9.8, 12.1, and 9.5, respectively. While prior
studies have used these scores as thresholds for comparing
differences in achieving meaningful clinical outcomes in
other populations with FAIS, a number of previous studies
have demonstrated that threshold scores for achieving
meaningful clinical threshold values vary based on dis-
ease.22,26 Furthermore, threshold scores and rates of
achieving meaningful clinical outcomes may be influenced
by differences in patient characteristics. The HOS-ADL,
HOS-SS, and mHHS threshold scores for achieving the
MCID in the current study were 15.4, 13.1, and 16.8,
respectively, which were higher than those calculated by
Nwachukwu and colleagues. This is likely because the cur-
rent study calculated the difference of scores over a 2-year
period instead of a 1-year period, and it included patients
with chondral damage in the analysis, which highlights
the importance of determining thresholds specific to inclu-
sion and exclusion criteria of the study.

The current study adds to the existing literature by dem-
onstrating a statistically significant difference in the fre-
quency of clinically significant outcome improvement
between patients with full- versus partial-thickness chondral
damage. Specifically, those patients with more severe chon-
dral lesions achieved the MCID for the HOS-ADL and
HOS-SS, as well as the PASS for the HOS-ADL, HOS-SS,
and mHHS, less often. It is possible that those with a more
advanced degree of chondromalacia may not benefit to the
same degree as patients with less advanced disease progres-
sion because of irreversible cartilage changes. Future studies
are warranted to investigate the effect of chondral damage on
adjacent hip structures in patients with FAIS and to better
understand the role of microfracture in the treatment of
these patients and its influence on outcomes.

Limitations

There are a number of limitations that need to be addressed.
First, although the majority of baseline characteristics were
statistically similar between patients with and without
chondral damage, there was a significantly greater percent-
age of female patients in the group without chondral dam-
age. However, as no associations between female sex,
chondromalacia, and postoperative outcomes have been
established, we do not believe this to be a confounding
factor. Second, our study also utilized specific cartilage
classification schemes, and we acknowledge that other

classification methods exist. Depending on how other treat-
ing physicians choose to classify the degree of cartilage
change in patients with FAIS, the findings of this study
may not be applicable to their patient populations, given
that a single surgeon graded all cartilage lesions. Addition-
ally, as classification systems do not consider the severity of
every clinical scenario, in the current study, Beck-classified
grade III injuries (cleavage, loss of fixation to the subchon-
dral bone, frayed edges, thinning of the cartilage, flap)
were treated with microfracture if the cartilage flap was
unstable. However, when chondral fraying was minimal at
the chondrolabral junction, debridement was performed,
and the labrum was fixed to the rim. Third, based on the
intraoperative measurements recorded by the senior
author, the analysis was limited to only chondral lesion
depth based on the Beck classification and not lesion size.
Although the overall study sample size was sufficiently pow-
ered, the grade IV group was small, which could have led to
type I/II errors in the independent t test analysis of reported
outcomes. Using the mean change in the HOS-ADL, HOS-
SS, and mHHS, we performed a post hoc power analysis
using a Cohen d (ie, observed effect size) equal to 0.04996,
a probability level of .05, and sample sizes of 141 (grade I-
III: n = 92; grade IV: n = 49) and 542 (no chondromalacia:
n = 493; grade IV: n = 49) and calculated an observed power
of 0.835 and 0.999, respectively. Finally, all patients with
grade IV chondromalacia in the current study were treated
with microfracture. Given that microfracture for cartilage
defects of the knee has demonstrated inferior outcomes com-
pared with other cartilage preservation techniques,6,14,23

future studies that include a control group of grade IV chon-
dral lesions that did not undergo microfracture are needed
to determine whether inferior outcomes seen in these
patients are solely caused by the presence of a full-thickness
cartilage injury or whether there is partial contribution
from the microfracture procedure.

CONCLUSION

Patients with grade IV chondral defects experienced worse
functional outcomes, lower satisfaction, and increased pain
when compared with both patients without chondral dam-
age and patients with grade I-III chondromalacia at 2-year
follow-up. Several predictors were associated with achiev-
ing clinically significant function in patients undergoing
hip arthroscopic surgery for FAIS.
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