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Poorer Arthroscopic Outcomes of Mild Dysplasia 
With Cam Femoroacetabular Impingement  
Versus Mixed Femoroacetabular Impingement in 
Absence of Capsular Repair
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Joshua Sampson, MD, and Raoul Burchette, MS, MA

I t is unknown whether small capsulotomies 
may yield comparable outcomes with larger 
capsulotomies plus repair. There is growing 

interest in hip preservation surgery in general 
and arthroscopic hip preservation in particular. 
Chondrolabral pathology leading to symptoms and 
degenerative progression typically is caused by 
structural abnormalities, mainly femoroacetabular 

impingement (FAI) and developmental dysplasia 
of the hip. Unlike the bony overcoverage of pincer 
FAI, developmental dysplasia of the hip typically 
exhibits insufficient anterolateral coverage of the 
femoral head.

The role of hip arthroscopy in the treatment of 
dysplasia remains undefined. Emerging evidence 
shows a high incidence of dysplasia with associated 

Abstract
Purpose: To compare outcomes of mild dys-
plasia with cam femoroacetabular impinge-
ment (FAI) vs mixed FAI with hip arthroscopy 
without capsular repair. 

Methods: A retrospective review of a 2009 
to 2010 multicenter prospective outcome 
study was performed comparing a cohort 
with mild dysplasia and cam femoroacetab-
ular impingement (cohort D) to a cohort with 
mixed FAI (cohort M). Outcome measures 
included Nonarthritic Hip Score (NAHS) and 
satisfaction with minimum 2-year follow-up.

Results: Of 150 patients/159 hips enrolled 
in the initial prospective outcome study,  
10 patients/10 hips had acetabular dysplasia 
and 8 patients met the inclusion criteria. Co-
hort D had 8 patients (5 female) of mean age  
49.6 years with mean lateral center-edge 
angle (LCEA) of 19° (range, 16°-24°) demon-
strating a mean change in NAHS of +20.00 at 

3 months (P = .25), +14.33 at 12 months (P = 
.03), and -0.75 at 24 months (P = .74). Mean 
satisfaction was 2.88 out of 5. Cohort M had 
69 patients (32 female) of mean age  
38.6 years with a mean LCEA of 33° (range,  
25°-38°) demonstrating a mean change in 
NAHS of +12.09 at 3 months (P < .0001), + 
20.39 at 12 months (P < .0001), and +21.99 at 
24 months (P < .0001). Mean satisfaction was 
3.58 out of 5. Cohort D demonstrated signifi-
cantly less improvement in NAHS  
(P = .002) and a difference of -31.06 points 
compared to cohort M at minimum 2-year 
follow-up. Dysplasia was the only statistical-
ly significant predictor of poorer outcomes.

Conclusion: The common combination of 
mild dysplasia and cam FAI has poorer out-
comes than mixed FAI following arthroscopic  
surgery without capsular repair.
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cam deformity,1,2 but there is a pau-
city of evidence-based information 
for this specific patient population. 
Clinical outcomes of hip arthros-
copy in the setting of dysplasia are 
conflicting: some poor3-5 and others 
successful.1,6-9 Although reorien-
tation periacetabular osteotomy 
(PAO) is considered a mainstay in 
the treatment of dysplasia—pro-
viding improvement in symptoms, 
deficient anterolateral acetabular 
coverage, and hip biomechanics—
midterm failure rates approaching 
24% have been reported.10-12 
Many young patients with symp-
tomatic dysplasia want a surgical 
option that is less invasive than 
open PAO.4 Intra-articular central 
compartment pathology and cam 
FAI commonly occur with dysplasia 
and are amenable to arthroscopic 
treatment.1,13,14 Moreover, staged 
PAO may be successful in cases in 
which arthroscopic intervention fails 
to provide clinical improvement.5,15

Emerging evidence suggests ben-
eficial effects of arthroscopic capsu-
lar repair or plication in the setting 
of borderline or mild dysplasia.7,9 

However, the literature provides 
little information on arthroscopic 

outcomes without capsular repair. One study found 
poor outcomes of arthroscopic surgery for dysplasia, 
but its patients underwent labral débridement, not 
repair.3 Two patients in a case report demonstrated 
rapidly progressive osteoarthritis after arthroscopic 
labral repairs and concurrent femoroplasties for cam 
FAI, but each had marked dysplasia with a lateral 
center-edge angle (LCEA) of <15°.4

Arthroscopy with capsular repair has been as-
sumed to provide better outcomes than arthroscopy 
without repair, but to our knowledge there are no 
studies that have compared outcomes of mild dys-
plasia with cam FAI and outcomes of mixed FAI treat-
ed without capsular repair. Clinical equipoise makes 
it ethically challenging to perform a prospective study 
comparing dysplasia treated with and without cap-
sular repair. We conducted a study to compare out-
comes of mild dysplasia with cam FAI and outcomes 
of mixed FAI treated with arthroscopic surgery and 
to fill the knowledge gap regarding outcomes of mild 
dysplasia treated without capsular repair.

Methods
In this study, which received Institutional Review 
Board approval, we retrospectively reviewed radio-
graphs and data from a prospective 3-center study 
of arthroscopic outcomes of FAI in 150 patients 
(159 hips) who underwent arthroscopic surgery  
by 1 of 3 surgeons between March 2009 and  
June 2010. In all cases, digital images of an-
teroposterior pelvic radiographs were used for 
radiographic measurements. On these images, the 
LCEA is formed by the intersection of the vertical  
line (corrected for obliquity using a horizontal 
reference line connecting the inferior extents of 
both radiographic teardrops) through the center 
of the femoral head (determined with a digital 
centering tool) with the line extending to the lateral 
edge of the sourcil (radiographic eyebrow of the 
weight-bearing region or roof of the acetabulum). 
Measurements were made in blinded fashion (by 
a nonsurgeon coauthor, Dr. Nikhil Gupta, who com-
pleted training modules) and were confirmed with-
out alteration by the principal investigator Dr. Dean 
K. Matsuda. Inclusion criteria were mild acetabular 
dysplasia (LCEA, 15°-24°) and mixed FAI including 
focal pincer component (LCEA, 25°-39°), radio-
graphic crossover sign, and successful completion 
of patient-reported outcome (PRO) measures at 
minimum 2-year follow-up. Exclusion criteria were 
severe dysplasia (LCEA, <15°), hip subluxation, 
broken Shenton line, global pincer FAI (LCEA, 
≥40°), Tönnis grade 3 osteoarthritis, Legg-Calvé-
Perthes disease, osteonecrosis, prior hip surgery, 
and unsuccessful completion of PRO measures. 
Outcome measures included investigator-blinded 
preoperative and postoperative Nonarthritic Hip 
Score (NAHS) and 5-point Likert satisfaction score. 
Complications, revision surgeries, and conversion 
arthroplasties were recorded. 

Statistical Analysis

We examined outcomes with descriptive statis-
tics for each of the candidate covariates in the 
model classified by femoroacetabular subtype: 
focal pincer and cam (mixed FAI) and dysplasia 
with cam. We examined the variables of sex, age, 
weight, height, body mass index, preoperative 
NAHS, presence of dysplasia (yes/no), presence of 
osteoarthritis (yes/no), Tönnis osteoarthritis grade, 
Outerbridge class, American Society of Anesthesi-
ologists (ASA) score, months of pain, bilateral pro-
cedure (yes/no), and pincer involvement with cam 
FAI (yes/no). Before beginning linear regression 
modeling, we screened the candidate variables 

Take-Home Points
 ◾ Cam deformity often 
occurs with dysplasia.

 ◾ Borderline or mild dyspla-
sia has been treated with 
isolated hip arthroscopy.

 ◾ Avoid rim trimming that 
can make mild dysplasia 
more severe.

 ◾ Labral preservation, cam 
decompression, and cap-
sular repair or plication 
are currently suggested.

 ◾ Poorer outcomes oc-
curred in borderline or 
mild dysplasia with cam 
impingement relative 
to controls following 
hip arthroscopy without 
capsular repair.

 ◾ Initial clinical improve-
ment may be followed by 
clinical deterioration sug-
gesting close long-term 
follow-up with prompt 
addition of reorientation 
acetabular osteotomy  
if indicated.

 ◾ It is unknown whether 
small capsulotomies may 
yield comparable out-
comes with larger capsu-
lotomies plus repair.
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for strong correlations with other variables and 
looked for those variables with minimal missing 
data. For all these covariates, we then performed 
linear regression with a selection process—both 
a stepwise selection method and a backward elimi-
nation method—to verify we determined the same 
model for 24-month NAHS, or to understand why 
we could not. Finally, we ran the model we found 
from the linear regression as a linear mixed model 
of 24-month NAHS with the dichotomous variables 
taken as fixed effects and the other variables taken 
as random effects, using variance-components 
representation for the random effects. We then 
examined 3-month and 12-month NAHS with the 
same variables selected for the 24-month model.

To further examine and verify the effects of 
dysplasia on outcomes found in our linear mixed 
model, we performed a nested case–control anal-
ysis matching each member of cohort D (cases) 
with 2 members of cohort M (controls). We used an 
optimal-matching algorithm to match focal patients 
in the linear regression dataset with dysplasia pa-
tients in the linear regression dataset in such a way 
as to minimize the overall differences between the 
datasets. We matched cases and controls on preop-
erative NAHS, age, sex, presence of osteoarthritis, 
months of pain, ASA score, and body mass index. 
The differences between the matched cases and 
controls (control value minus case value) were com-
pared using Wilcoxon rank sum tests for statistical 
significance of differences from 0 (with differences 
generated for each control group member, 2 differ-
ences per case) to examine the quality of the match. 
Finally, we examined the statistical significance of 
the difference of the outcome variables (3-, 12-, and 
24-month NAHS) from 0, again using Wilcoxon rank 
sum tests. Statistical significance was set at P < .05 
using SAS Version 9.3 (SAS Institute).

Surgical Procedure

In all cases, supine outpatient hip arthroscopy was 
performed under general anesthesia. Anterolateral 
and modified midanterior portals16 were used. 
T-capsulotomies were performed in both cohorts. 
Cohort M underwent anterosuperior acetabu-
loplasty with a motorized burr. Labral refixation or 
selective débridement was performed in cohort 
M, whereas labral repair (with limited freshening 
of acetabular rim attachment site) or selective 
débridement (but no segmental resection) was 
performed in cohort D. Arthroscopic femoroplasty 
was performed with similar endpoints of 120° min-
imum hip flexion and 30° minimum flexed hip in-

ternal rotation with retention of the labral fluid seal. 
Capsular repair or plication was not performed for 
either cohort during the study period.

The cohorts underwent similar postoperative 
protocols: 2 weeks of protected ambulation using 
2 crutches, exercise cycling without resistance 
beginning postoperative day 1, swimming at 2 
weeks, elliptical machine workouts at 6 weeks, 
jogging at 12 weeks, and return to unrestricted 
athletics at 5 months.

Results
In cohort D, which consisted of 8 patients (5 
female), mean age was 49.6 years, and mean 
LCEA was 19° (range, 16°-24°). In cohort M, which 
consisted of 69 patients (32 female), mean age 
was 38.6 years, and mean LCEA was 33° (range, 
25°-38°). Demographics, preoperative variables, 
intraoperative findings, and surgical procedures are 
listed in Tables 1 to 3.

In cohort D, mean (SD) change in NAHS was 
+20.00 (6.24) (P = .25) at 3 months (n = 3), +14.33 
(9.77) (P = .03) at 12 months (n = 6), and –0.75 
(19.86) (P = .74) at 24 months (n = 8). On the 
5-point Likert scale, mean satisfaction was 2.88 (5 
= highly satisfied). There were no complications, 
no revision surgeries, and 2 conversion arthro-
plasties (25%). Table 4 lists mean preoperative 
and postoperative NAHS for both cohorts for the 
regression analysis.

In cohort M, mean (SD) change in NAHS was 
+12.09 (18.98) (P < .0001) at 3 months (n = 45), 
+20.39 (16.49) (P < .0001) at 12 months (n = 57), 
and +21.99 (17.32) (P < .0001) at 24 months (n 
= 69). Mean satisfaction was 3.58. There was 1 
minor complication of transient pudendal neuro-
praxia (1.4%), 1 revision FAI surgery (1.4%), and 
7 conversion arthroplasties (10.1%). Comparative 
preoperative NAHS and postoperative NAHS are 
shown in the Figure.

In a pairwise case–control comparison, the 
mean (SD) change-from-baseline difference 
between cohorts D and M was +8.2 (12.85) (P = 
.31) at 3 months (n = 5), –8.7 (11.52) (P = .03) at 
12 months (n = 10), and –31.06 (23.55) (P = .0002) 
at 24 months (n = 16). Dysplasia had an impact of 
–23.4 points on 24-month NAHS (standard error 
= 5.35 points; P < .0001), which corresponds to a 
95% confidence interval of –12.9 to –33.9 points 
on NAHS. Table 5 lists mean preoperative and 
postoperative NAHS for both cohorts for the nest-
ed case–control analysis.

Compared with cohort M, cohort D had signifi-
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cantly less NAHS improvement (P = .002), less 
satisfaction (P = .15) and more hip arthroplasty 
conversions (P = .22, not statistically significant).

There were no statistically significant differences 
between cohorts in demographics, preoperative 
variables, intraoperative findings, or surgical pro-
cedures in the regression analysis. Of the inves-
tigated variables, only group membership (cohort 
D) was a statistically significant predictor of poorer 
outcomes in the model of change from preopera-
tive to 24 months. However, older age was associ-
ated with cohort D (older patients with dysplasia, 
P = .07), and therefore in the nested case–control 
analysis we were able to match on all variables 

except age (8.74 years older in cohort D, P = .0013) 
to a level of statistical nonsignificance.

Discussion
The principal finding of this study is the significant-
ly poorer outcomes of mild dysplasia and cam FAI 
relative to mixed FAI after hip arthroscopy without 
capsular repair. Study group (cohort D) and control 
group (cohort M) had associated cam deformities 
treated with femoroplasty with similar decompres-
sion endpoints and labral preservation in the form 
of selective débridement or labral repair (no labral 
resections in either cohort) with similar rehabilita-
tion protocols.

Table 1. Patient Demographics and Preoperative Characteristics

Characteristic

Group

Focal Dysplasia

n % n %

Patients 69 89.6 8 10.4

Mean (SD) age, y 38.6 (13.3) 49.6 (7.6)

Sex
   Male
   Female

37
32

53.6
46.4

3
5

37.5
62.5

Body mass index, kg/m2

   <30
   30-34
   ≥35

51
14
4

73.9
20.3
5.8

7
1
0

77.8
11.1
0.0

Mean (SD) preoperative NAHS 56.8 (16.2) 52.9 (17.2)

Preoperative ASA score
   1
   2
   3
   4
   Missing

23
29
12
1
4

33.3
42.0
17.4
1.4
5.8

1
6
1
0
0

11.1
66.7
11.1
0.0
0.0

Presence of osteoarthritis
   Yes
   No

19
50

27.5
72.5

3
5

33.3
55.6

Preoperative Tönnis osteoarthritis grade
   0
   1
   2

50
14
5

72.5
20.3
7.2

5
1
2

55.6
11.1
22.2

Joint space narrowing, %
   <20
   20-29
   ≥30
   None

7
7
2

53

10.1
10.1
2.9

76.8

1
1
1
5

11.1
11.1
11.1
55.6

Abbreviations: ASA, American Society of Anesthesiologists; NAHS, Nonarthritic Hip Score.



D. K. Matsuda et al

www.amjorthopedics.com January/February 2017 The American Journal of Orthopedics ®  E51

Our study findings suggest short-term improve-
ment may be followed by midterm worsening in 
patients with mild dysplasia and sustained improve-
ment in patients with mixed FAI. These findings 
have practical clinical applications. Jackson and 
colleagues5 reported on a patient who, after under-
going “successful” arthroscopic surgery for mild 
dysplasia, clinically deteriorated after 13 months and 
eventually required PAO. Patients undergoing isolat-
ed hip arthroscopy for mild dysplasia with cam FAI 
should be informed of the possible need for sec-
ondary PAO or even hip arthroplasty, be followed 
up more often and longer than comparable patients 
with FAI, and have follow-up supplemented with 
interval radiographs.4 If even subtle subluxation or 
joint narrowing occurs, we suggest resumption of 
protected weight-bearing and prompt progression 
to PAO in younger patients with joint congruency or 
eventual conversion arthroplasty in older ones.

Although mean preoperative NAHS (52.88) 
and mean 24-month postoperative NAHS (52.13) 
suggest essentially no change in PROs for cohort 
D, all patients with dysplasia either worsened or 
improved, though those who improved did so at a 
lesser relative magnitude than those with mixed 
FAI (cohort M). This finding may help explain the 
divergent outcomes reported in the literature on 
dysplasia treated with hip arthroscopy.

Cohort D was older than cohort M, but the 
difference was not statistically significant. Age may 
still be a confounding variable, and it may have 
contributed in part to the poorer outcomes for the 
patients with dysplasia. However, emerging stud-
ies demonstrate select older patients with FAI and/
or labral tears may have successful outcomes with 
arthroscopic intervention.17,18 Our findings support 

mild dysplasia as the main contributor to the poor 
outcomes observed in this study.

With identical postoperative rehabilitation proto-
cols, patients in both cohorts typically were ambu-
lating without crutches by the end of postoperative 
week 2. Delayed weight-bearing has been suggested 
as contributing to successful outcomes in the setting 
of dysplasia7,19,20 but has not been shown to ad-

Table 2. Intraoperative Findings

Finding

Group

Focal Dysplasia

n % n %

Patients 69 89.6 8 10.4

Labral tear 27 39.1 4 50.0

Outerbridge class
   0
   1
   2
   3
   4

3
16
12
26
12

4.3
23.2
17.4
37.7
17.4

0
2
3
1
2

0.0
25.0
37.5
12.5
25.0

Table 3. Surgical Procedures

Procedure

Group

Focal Dysplasia

n % n %

Patients 69 89.6 8 10.4

Labral repair 43 62.3 4 50.0

Labral débridement 23 33.3 4 50.0

Labral reconstruction 2 2.9 0 0.0

Acetabuloplasty  
(rim trimming)

68 98.6 4 50.0

Femoroplasty  
(cam decompression)

68 98.6 8 100.0

Acetabular microfracture 4 5.8 2 25.0

Femoral head  
microfracture

11 1.4 0 0.0

Table 4. Preoperative and Postoperative NAHS (Regression Analysis)

Cohort
Preoperative 

NAHS

Postoperative NAHS

3 mo 12 mo 24 mo

Dysplasia + cam FAI (n = 8) 52.88 72.67 69.17 52.13

Mixed FAI (n = 69) 56.75 69.64 78.28 78.74

Wilcoxon rank sum test P .4882 .8478 .1462 .0022

Abbreviations: FAI, femoroacetabular impingement; NAHS, Nonarthritic Hip Score.

Table 5. Preoperative and Postoperative NAHS  
(Nested Case–Control Analysis)

Cohort
Preoperative 

NAHS

Postoperative NAHS

3 mo 12 mo 24 mo

Dysplasia + cam FAI (n = 8) 52.88 72.67 69.17 52.13

Mixed FAI (n = 16) 53.31 69.50 76.57 83.63

Wilcoxon rank sum test P .7142 .3125 .03 .0002

Abbreviations: FAI, femoroacetabular impingement; NAHS, Nonarthritic Hip Score.
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versely affect nondysplastic hips.21 Whether delayed 
weight-bearing contributed to the poor outcomes in 
our dysplasia cohort is unknown, but the early suc-
cessful outcomes may discount its influence.

Our findings support successful outcomes of 
arthroscopic treatment of mixed FAI (specifically 
focal pincer plus cam FAI) without capsular repair. 
Perhaps more important, we found inferior out-
comes of arthroscopic treatment of mild dysplasia 
plus cam FAI without capsular repair—filling the 
knowledge gap regarding the need for arthroscopic 
capsular repair for mild dysplasia. Although a recent 
study demonstrated no significant difference in out-
comes between hip arthroscopy with and without 
capsular repair,22 2 studies specific to mild dysplasia 
demonstrated successful outcomes of capsular 
repair.7,9 One found that mild dysplasia treated with 
arthroscopy, including capsular plication, resulted in 
77% good/excellent outcomes and LCEA as low as 
18° at minimum 2-year follow-up.7 The other found 
clinical improvement in mild dysplasia (LCEA,  
15°-19°) when capsular repair was performed as 
part of arthroscopic treatment.9 In the present 
study, we retrospectively reviewed outcomes from 
a prospective study performed in 2009 to 2010, be-
fore the era of common capsular repair. It appears 
that capsular repair9 or plication7 in the setting 
of mild dysplasia may yield improved outcomes 
approaching those of arthroscopic FAI surgery. Our 
study results showed that, despite labral preser-
vation and cam decompression, mild dysplasia 
without the closure of T-capsulotomy had inferior 
outcomes at 2 years. However, we do not know if 
outcomes would have been better with capsular 
repair or plication and/or smaller capsulotomies, 
perhaps with minimal violation of the iliofemo-

ral ligament in this specific subset of patients. 
Furthermore, we do not know if optimal outcomes 
can best be achieved with arthroscopic and/or open 
surgery, with or without acetabular reorientation, in 
patients with mild dysplasia and cam FAI.

Dysplasia with cam FAI is an emerging common 
condition for which patients may seek less invasive 
treatment in the form of hip arthroscopy. The 
findings of this study suggest caution in using hip 
arthroscopy without capsular repair in the treat-
ment of mild dysplasia with cam FAI, even in the 
presence of cam decompression and labral and 
acetabular rim preservation.

Study Strengths and Limitations

One strength was the relative lack of surgeon bias. 
When the surgeries were performed (2009-2010), 
we recognized cam and pincer FAI but did not dis-
criminate for mild dysplasia, because at that time it 
was not known to be a potential predictor of poorer 
outcomes. Another strength was the strict method-
ology, with blinding of all investigator surgeons to 
PROs and stringent retention of all PROs, including 
“failures” (eg, total hip arthroplasty conversions 
and complications), in both cohorts. Moreover, the 
crucial case-control analysis matched on multiple 
variables verified statistically significant results 
demonstrating poorer outcomes at minimum 
2-year follow-up, despite more improvement in the 
dysplasia cohort at 3 months. The latter, we think, 
is also valuable new information; it emphasizes the 
need for close and prolonged follow-up of patients 
with mild dysplasia despite early improvement.

Limitations include the small number of study 
patients, the retrospective study design (using pro-
spectively collected data), and the isolated use of 
LCEA to define dysplasia. Pereira and colleagues23 
recommended using LCEA with Tönnis angle to 
define minor dysplasia. Although dysplasia cannot 
be precisely defined with only this radiographic 
measurement, LCEA has been shown to be a reli-
able, clinically relevant measure.24 In addition, LCEA 
has been used in most reports on arthroscopic 
management of dysplastic hips and thus allows for 
comparison. Furthermore, other studies have used 
LCEA of <15° as a threshold between mild and 
severe dysplasia, and we did as well. This broad 
inclusion criterion allowed for heterogeneity in our 
mild dysplasia cohort and was a study limitation. 
Interobserver reliability of measured LCEA was not 
assessed and is another limitation. 

The initial prospective study (2009) did not 
record α angles to quantify cam FAI. This is a 
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study limitation. However, the surgical range-of-
motion endpoints considered sufficient for cam 
decompression were the same in both cohorts. 
In addition, femoral version was not assessed in 
the original database (2009-2010), as this aspect 
of hip anatomy was not thought significant during 
initial data collection. These areas of interest merit 
further investigation.

Use of a focal pincer cohort may be challenged 
as a suboptimal control group. However, there 
were very few completely normal acetabulae with 
pure cam FAI in the original prospective study, 
and the focal pincer cohort was used as a control 
cohort in previous studies.25

Conclusion
The common combination of mild dysplasia and 
cam FAI has poorer outcomes than mixed FAI after 
arthroscopic surgery without capsular repair.
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