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Background: Based on previous studies, it is difficult to discern whether patients who have femoroacetabular impingement (FAI)
with borderline developmental dysplasia of the hip (BDDH) would benefit from arthroscopy when compared with patients without
BDDH.

Purpose: To evaluate the existing comparative literature on arthroscopic findings, procedures, patient-reported outcomes (PROs),
and failures in patients who have FAI with BDDH compared with those without BDDH.

Study Design: Systematic review; Level of evidence, 3.

Methods: The PubMed, Embase, and Ovid databases were searched for studies published up to August 31, 2019, that reported
outcomes after arthroscopy to treat patients who had FAI with BDDH. Included studies were required to have patients diagnosed
with FAI and BDDH who were treated arthroscopically and compared with control patients (FAI without BDDH). Arthroscopic
findings, PROs, and revision or total hip arthroplasty (THA) conversion rates were compared between groups.

Results: Included in the review were 4 articles (933 patients). Patients who had FAI with BDDH were defined as having a lateral
center-edge angle (LCEA) of either 18° to 25° or 20° to 25°; for control patients, the maximum LCEA was 40°. Across the studies,
there were 224 patients who had FAI with BDDH compared with 709 control patients; the mean follow-up time ranged from 21.6 to
31.3 months among the groups. Improvements were shown across all PROs in each study. Random-effects meta-analysis indi-
cated no statistically significant differences in postoperative PROSs, the risk for revision surgery, or conversion to THA between the
patients who had FAI with versus without BDDH.

Conclusion: The results of the current review indicated that hip arthroscopy produced similar short-term outcomes between
patients who had FAI with versus without BDDH.

Keywords: borderline developmental dysplasia of the hip, BDDH; femoroacetabular impingement, FAI; hip arthroscopy;
systematic review; meta-analysis

Hip arthroscopy is an evolving tool for diagnosing and
treating hip pathologies, such as femoroacetabular
impingement (FAI), chondral defects, and labral tears.™'®
The use of arthroscopic surgery in the management of hip
pathologies appears to provide good clinical outcomes
across patient populations, including athletes.'®!%'” How-
ever, some articles have suggested factors that result in
poor clinical outcomes. One of the most important factors
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demonstrating poor clinical outcomes is hip instability, a
characteristic associated with developmental dysplasia of
the hip (DDH) 82224

DDH is a musculoskeletal condition in newborns and is
considered a precursor to osteoarthritis (OA).2! This condi-
tion is characterized by a shallow or an abnormally vertical
acetabulum that may result in hip joint instability, unex-
plained hip dysfunction, pain in young patients, and possi-
ble tearing of the labrum.?® DDH can be further defined as
borderline based on the coverage the acetabulum provides
to the femoral head, the classic measure of which is the
lateral center-edge angle (LCEA), ranging anywhere from
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18° to 27°.3° Patients with borderline DDH (BDDH) may be
evaluated with increased capsular laxity and, as a result,
may have a higher risk of poor outcomes after arthroscopic
surgery.2° Hip arthroscopic surgery without proper capsule
repair may result in increased capsular laxity and thus
exacerbate this risk factor in patients with BDDH.3°

The treatment of DDH using hip arthroscopy has less
support than does treatment using the standard of periace-
tabular osteotomy and has been associated with less suc-
cessful outcomes and a likelihood DDH will advance to
OA.131420 Stydies have shown that clinical results of
arthroscopic FAI surgery, including labral repair and/or
debridement and capsular closure for BDDH, are relatively
favorable.”!® Conversely, Hatakeyama et al® reported poor
outcomes and identified certain risk factors associated with
poorer outcomes when treating patients with BDDH using
hip arthroscopy. However, we believe the sample sizes of
the aforementioned studies are not large enough to estab-
lish the effectiveness and risk factors of hip arthroscopy for
patients who have FAI with BDDH as surgical candidates
for arthroscopy. Ding et al® performed a systematic review
and concluded that hip arthroscopy for patients with FAI
and BDDH brings significant improvement of patient-
reported outcomes (PROs), including the modified Harris
Hip Score (mHHS), the visual analog scale (VAS) for pain,
and patient satisfaction score. However, they did not com-
pare the ability of the procedure to correct the condition or
the failures after hip arthroscopy between patients who
had FAI with BDDH and patients with normal coverage.®

The purpose of this study was to evaluate the existing
comparative literature on arthroscopic findings, proce-
dures, PROs, and failures in patients who have FAI with
BDDH as compared with patients who have FAI without
BDDH.

METHODS
Study Identification and Search Strategy

Using the PRISMA (Preferred Reporting Items for System-
atic Reviews and Meta-Analyses) checklist, articles were
searched using PubMed, Embase, and Ovid MEDLINE
databases. The search terms included “borderline develop-
mental dysplasia of the hip,” “arthroscopy,” and “clinical
outcome”; no additional Medical Subject Headings or
search strategies were used. Two reviewers (Y.M., R.S.)
performed the search and data extraction until August
31, 2019, and came to a consensus on the eligibility of rel-
evant studies. Criteria to resolve differences included
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TABLE 1
Inclusion and Exclusion Criteria for Studies Included
in This Review®

Inclusion Criteria Exclusion Criteria

Human patients of both sexes Review articles
and all ages Diagnostic studies
Reporting surgical outcomes of Case reports
isolated hip Technique reports
All included patients having the Opinion articles
diagnosis of FAI with BDDH Non—English language articles
Treatment using hip Inclusion of patients with other
arthroscopy for correction of hip pathologies (eg, Legg-
FAI with BDDH (ie, no Calves-Perthes, avascular
periacetabular osteotomy or necrosis)
additional surgical
interventions)
Comparative studies

“BDDH, borderline developmental dysplasia of the hip; FAI,
femoroacetabular impingement.

reading the articles again independently and together,
making sure the studies met the inclusion criteria (Table 1).
If a study met the criteria after consensus, it was included.
In addition, the reference lists from relevant articles were
retrieved to identify additional studies.

A full-text review of the chosen articles was performed in
order to determine the following for extraction: patient
data, arthroscopic findings, PROs, and the number of
patients who underwent revision hip arthroscopy or con-
verted to total hip arthroplasty (THA) after hip arthroscopy
with reported mean times to these conversions.

Quality Assessment

Quality assessment of the studies was performed indepen-
dently by 2 reviewers (Y.M., M.M.) using the Coleman
Methodology Score.?

Quantitative Synthesis

Meta-analyses were conducted to compare patients who
had FAI with BDDH versus without BDDH with respect
to postoperative subjective outcome scales (mHHS, Hip
Outcome Score—Activities of Daily Living [HOS-ADLI], Hip
Outcome Score—Sport Specific Subscale [HOS-SSS], and
patient satisfaction), revision rate, and conversion to
THA. For continuous endpoints, group differences are
expressed using weighted mean differences (WMDs) and
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Figure 1. Flowchart of search strategy. BDDH, borderline developmental dysplasia of the hip.

are presented with 95% confidence intervals (CIs). For
binary endpoints, log odds are reported to compare risk
between groups. Random-effects models, estimated using
the DerSimonian-Laird method, were chosen to combine
studies because formal heterogeneity tests are known to
have low statistical power when few studies are combined.
P values for the between-group comparison were derived
via a z-test within the context of the random-effects mod-
els. Heterogeneity among studies was assessed using the
I? metric and are reported with 95% CIs. R statistical soft-
ware Version 3.6.2 (R Foundation for Statistical Comput-
ing with additional package metafor) was used for all
analyses and to produce forest plot figures.

RESULTS
Study Identification and Characteristics

The initial literature search yielded 247 articles that
underwent duplicate removal, title exclusion, abstract
exclusion, and a final full-text review. After reading the full
texts of the 29 articles remaining after the initial exclu-
sions, 25 were excluded based on the following criteria spe-
cifically: other procedures performed (n = 4), not
comparative (n = 9), case report (n = 4), opinion/review
article (n = 3), other diseases (n = 4), and complex bony

anatomy with combined BDDH and excessive femoral ante-
version (n = 1). The results of the screening process are
described in the PRISMA flowchart'® (Figure 1).

Study Characteristics

Patient characteristics and basic study characteristics of
the included articles are noted in Table 2.24518 Across
the studies there were a total of 224 patients with FAI
and BDDH compared with 709 control patients (FAI
without BDDH).

Of note, 2 articles®'® included patients with an LCEA
between 18° and 25°, while the remaining 2 studies®®
included LCEAs between 20° and 25°. The youngest reported
participant inclusion was in the study by Evans et al,® with a
restriction of <18 years of age, while the other 3 studies did
not report age restrictions. All 4 studies®*%8 included control
patients with LCEAs >25°, and the maximum LCEA was 40°
in 3 studies®*'® and not specified in 1 article.®

Quality Assessment

The results of the Coleman Methodology Score measuring
the quality of the included studies can be found in Table 3.
All of the articles included in this review were retrospec-
tively designed studies reporting on prospectively collected



4 Murata et al

The Orthopaedic Journal of Sports Medicine

TABLE 2
Characteristics of the Included Studies®

Lead Author  Study Type Definition of Definition of Participants, Outcome

(Year) (LOE) BDDH Control Group n Age,y Follow-up Measures

Nawabi Cohort (3) LCEA, 18°-25° LCEA, >25° and BDDH: 46 BDDH: 29.8 +  Unrevised: 31.3 £ 7.6 mHHS, HOS-

(2016)'8 <40°; age- and Control: 131 9.4 mo (23.1-67.3 mo) ADL, HOS-
sex-matched Control: 29.6 + Revised: 21.6 +13.3 SSS, iHOT-33
10.3 mo (4.7-40.6 mo)

Beck (2019)> Cohort (3) LCEA, 20°-25° LCEA, 25°-40°; BDDH: 112 BDDH:33.6+ Minimum 2y mHHS, HOS-
matched 1:2 by Control: 224 12.7 ADL, HOS-
age, sex, and Control: 33.7 + SSS, iHOT-12,
BMI 12.6 VAS,

satisfaction

Evans Therapeutic (4) LCEA, LCEA, >25°; BDDH: 21 BDDH: 15.7 BDDH: 28.6 mo mHHS, HOS-

(2017)® between 20° match-paired  Control: 21 (15.5-15.9) (27.4-29.8 mo) ADL, HOS-

and 25° on age <18y, Control: 16.0 Control: 27.2 mo SSS, NAHS,
sex, (15.9-16.2) (26.7-27.8 mo) VAS,
femoroplasty, satisfaction
capsular
plication, and
labral
treatment
Cvetanovich Cohort (3) LCEA, 18°-25° LCEA, 25.1°-40° BDDH: 36 BDDH: 315+ 2.6+06y mHHS, HOS-
(2017)* Control: 312 11.8 ADL, HOS-
Control: 32.9 + SSS, VAS,
12.0 satisfaction

“Mean values are reported as mean + SD or mean (95% CI) unless otherwise indicated. BDDH, borderline developmental dysplasia of the
hip; BMI, body mass index; HOS-ADL, Hip Outcome Score—Activities of Daily Living; HOS-SSS, Hip Outcome Score—Sport Specific Subscale;
iHOT-12, 12-Item international Hip Outcome Tool; iHOT-33, 33-Item international Hip Outcome Tool; LCEA, lateral center-edge angle; LOE,

level of evidence; mHHS, modified Harris Hip Score; NAHS, Nonarthritic Hip Score; VAS, visual analog scale for pain.

TABLE 3

Quality Assessment (Coleman Methodology Score)

Coleman Methodology
Score Item

Nawabi'® Beck? Evans® Cvetanovich*

Study size

Mean duration of
follow-up

Percentage of patients
with follow-up

Number of
interventions per
group

Study type

Diagnostic certainty

Description of surgical
technique

Description of
postoperative
rehabilitation

Outcome criteria

Procedure for assessing
outcomes

Description of
participant selection
process

Total score (out of 100
points)

10
0

0

10

[

15

61

10
0

5

10

(<]

15

71

4 10
0 0
3 3
10 10
0 0
5 5
5 5
3 3
10 10
6 6
15 15
61 67

data. The highest score was 71 out of a possible 100 points,2
while the lowest score for the purposes of this review was 61
out of 100.518

Arthroscopic Procedures

The concomitant arthroscopic procedures performed are
outlined in Table 4, identifying the number and percentage
of both groups that underwent each additional procedure.
Of note, only 1 article!® reported values for several types of
possible decompressive procedures, osteochondroplasty,
and capsular shift. All 4 studies®*®!® reported values for
capsular plication and labral repair, while only 1 study*
reported iliotibial band procedure values of 4 and 1 for con-
trol and BDDH groups, respectively. Beck et al? reported
the least number of concomitant procedures with a total of
4, with the next lowest number reported as 8 procedures by
Cvetanovich et al.* The BDDH group had a lower rate of
acetabular rim trimming compared with a control group.*

PRO Scores

Pre- and postoperative PROs were recorded for mHHS,
HOS-ADL, HOS-SSS, Nonarthritic Hip Score (NAHS), VAS
for pain, and overall patient satisfaction (Table 5). Notice-
ably, 1 study'® did not measure NAHS, VAS for pain, or
patient satisfaction, and 2 studies®* did not measure
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TABLE 4
Arthroscopic Procedures of the Included Studies®

Nawabi'®

Beck? Evans® Cvetanovich*

Control BDDH

Control BDDH

Control BDDH Control BDDH

mn=152) Mm=55 (=224 ©m=112) ®=21) @®=21) ®=312) (n=36)
Labral debridement 34 (22) 17 (31) NR NR 8 (38) 8 (38) NR NR
Labral repair 115 (76) 38 (69) 224 (100) 112 (100) 13 (62) 13 (62) 296 (95) 33 (92)
Labral reconstruction NR NR NR NR NR NR NR NR
Cam decompression 151 (99) 54 (98) NR NR NR NR NR NR
Isolated cam decompression 23 (15) 14 (25) NR NR NR NR NR NR
Femoroplasty NR NR 224 (100)  112(100) 15(71) 15 (71) NR NR
Femoral osteoplasty NR NR NR NR NR NR 308 (99) 36 (100)
Osteochondroplasty 128 (84) 40 (73) NR NR NR NR NR NR
Rim decompression 60 (39) 15 (27) NR NR NR NR NR NR
Rim trimming NR NR NR NR NR NR 165 (53) 4(11)
Acetabuloplasty NR NR NR NR NR NR NR NR
Acetabular rim trimming NR NR 203 (91) 95 (85) NR NR NR NR
Acetabular chondroplasty NR NR NR NR 3(14) 0(0) NR NR
Subspine decompression 105 (69) 35 (64) NR NR NR NR NR NR
Cam and rim decompression 24 (16) 5(9) NR NR NR NR NR NR
Cam and subspine decompression 68 (45) 25 (45) NR NR NR NR NR NR
Cam, rim, and subspine decompression 36 (24) 10 (18) NR NR NR NR NR NR
Capsular shift 1(1) 3 (5) NR NR NR NR NR NR
Capsular plication 152 (100)  55(100) 224 (100) 112(100) 21(100) 21(100) 312(100) 36 (100)
Microfracture NR NR NR NR NR NR 5(2) 0(0)
Iliopsoas fractional lengthening NR NR NR NR NR NR NR NR
Iliopsoas release NR NR NR NR 19 (90) 15 (71) 1(0.3) 0 (0)
Iliopsoas bursectomy NR NR NR NR 4 (19) 3(14) NR NR
Trochanteric bursectomy NR NR NR NR NR NR 7(2) 1(3)
Notchplasty NR NR NR NR NR NR NR NR
Synovectomy NR NR NR NR 2 (10) 3(14) NR NR
LT debridement 9 (6) 13 (24) NR NR 5(24) 3(14) NR NR
Iliotibial band release NR NR NR NR NR NR 4 (D 1(3)

“Data are reported as n (%). BDDH, borderline developmental dysplasia of the hip; LT, ligamentum teres; NR, not reported.

NAHS. Evans et al® was the only study included that
accounted for all PROs reported in this review.

Random-effects meta-analysis showed no statistically
significant difference in postoperative mHHS scores
between the 2 groups (WMD, -0.95 [95% CI, —4.00 to
2.11]; P = .544; heterogeneity: I? = 38% [95% CI, 0% to
95%]) (Figure 2). Similarly, no significant group difference
was found for postoperative HOS-ADL (WMD, -1.37 [95%
CI, -3.59 to 0.84]; P = .225; heterogeneity: I = 0% [95% CI,
0% to 85%]), HOS-SSS (WMD, —2.56 [95% CI, —7.80 to 2.69];
P = 0.339; heterogeneity: I’= 36% [95% CI, 0% to 95%]),
and patient satisfaction (WMD, 0.03 [95% CI, —0.44 to 0.49];
P = .906; heterogeneity: I = 0% [95% CI, 0% to 98%]) (Fig-
ures 3-5).

Revision Arthroscopy or THA Conversion Rate

Treatment failures resulting in either revision surgery or
conversion to THA are reported in Table 6. Evans et al® is
the only study included that reported no conversions or
revisions. Only 1 article® reported on patients with BDDH
having to undergo conversion to THA, with an occurrence of
0.8%. On the other hand, the highest revision rates were

reported by Nawabi et al'® as 4.6% and 4.3% at 5.8 to 37.3
months and 9.6 to 23.8 months postoperatively for the con-
trol and BDDH groups, respectively.

When compared via random-effects meta-analysis, there
was no statistical significance in risk for revision surgery
(loglodds ratio], —0.58 [95% CI, —1.77 to 0.61]; P = .341;
heterogeneity: I = 0% [95% CI, 0% to 86%]) (Figure 6) or
conversion to THA (loglodds ratio], —0.78 [95% CI, —2.50 to
0.94]; P = .374; heterogeneity: IZ = 0% [95% CI, 0% to 67%])
across groups (Figure 7).

DISCUSSION

Our search identified 4 comparative outcome studies®*%18

between patients who had FAI with BDDH and patients
with normal coverage (patients who had FAI without
BDDH). The main findings of this review were as follows:
(1) When clinically confirming BDDH, authors only used
radiographic parameters. (2) In terms of concomitant pro-
cedures, there was a lower rate of acetabular rim trimming
in patients who had FAI with BDDH than in patients with
normal coverage. (3) As shown through the meta-analysis,
there were no differences in postoperative PROs and failure
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TABLE 5
Patient-Reported Outcome Scores of the Included Studies®
Nawabi'® Beck? Evans® Cvetanovich*
mHHS
Preoperative
Control 63.3+13.0 58.5+14.3 59.0 (57.0-61.1) 56.0 + 13.5
BDDH 61.7+£10.9 55.6 + 14.5 59.7 (57.0-62.4) 57.2+12.3
Postoperative
Control 84.7+16.5 81.4+17.2 85.5 (83.9-87.1) 76.3 + 16.1
BDDH 86.2+14.6 78.6 +18.1 88.0 (86.2-89.9) 79.9+13.8
HOS-ADL
Preoperative
Control 74.5+17.0 66.7 £ 18.2 58.5 (54.6-60.5) 65.9+17.8
BDDH 76.0+14.4 63.8+18.7 62.9 (59.7-62.1) 65.4 +16.0
Postoperative
Control 90.7 £13.3 85.8+17.9 93.9 (92.4-95.4) 85.5+17.0
BDDH 93.2+11.3 85.5+17.4 94.7 (93.0-96.5) 88.6 +15.2
HOS-SSS
Preoperative
Control 53.3 £ 23.7 43.9+22.8 40.0 (36.3-42.7) 42.8 +23.3
BDDH 54.6 £ 23.0 41.7+20.5 42.1 (38.6-45.6) 44.5+20.9
Postoperative
Control 78.8+25.2 74.7+26.1 72.0 (68.2-75.8) 73.1+27.1
BDDH 85.4+22.1 72.6 £27.1 81.6 (77.2-85.9) 73.6 £26.7
NAHS
Preoperative
Control NR NR 58.0 (55.5-60.5) NR
BDDH NR NR 62.8 (60.1-65.4) NR
Postoperative
Control NR NR 89.6 (88.3-90.9) NR
BDDH NR NR 91.9 (90.4-93.5) NR
VAS
Preoperative
Control NR 6.8.+1.9 6.6 (6.3-6.9) 75+1.6
BDDH NR 6.7+1.8 6.3 (5.6-6.6) 7.6+24
Postoperative
Control NR 20+24 1.9 (1.6-2.2) 21+24
BDDH NR 1.9+22 1.3 (0.9 -1.7) 14+16
Satisfaction
Postoperative
Control NR 78.4+294 8.5 (8.2-8.7) 78.3£27.2
BDDH NR 77.1+28.5 7.9 (7.4-8.4) 81.8+22.3

“All outcome scores are shown as mean + SD or mean (95% CI). The VAS scores from Beck were converted from a 0-100 scale to a 0-10 scale.
BDDH, borderline developmental dysplasia of the hip; HOS-ADL, Hip Outcome Score—Activities of Daily Living; HOS-SSS, Hip Outcome Score—
Sport Specific Subscale; mHHS, modified Harris Hip Score; NAHS, Nonarthritic Hip Score; NR, not reported; VAS, visual analog scale for pain.

rate (defined as revision arthroscopy and/or conversion to
THA) for both groups.

When compared with arthroscopic procedures performed
on patients with normal coverage, the procedure for
patients who have FAI with BDDH has a different feature:
a lower rate of acetabular rim trimming.* The lower rate of
acetabular rim trimming seen in patients who have FAI
with BDDH compared with a control group of patients who
have FAI without BDDH can be attributed to the anatomic
abnormalities that differ between the 2 conditions. Patients
with normal coverage diagnosed with FAI may have a pin-
cer deformity, a cam deformity, or both.

The articles included in this review also reported capsu-
lar plication rates of 100% for both patients with and

patients without BDDH. As a result of the shallow acetab-
ulum, the surface area of the femur covered by both the
labrum and the acetabulum is lower than that covered in
patients with normal acetabular coverage. This reduces the
stability of the joint and is associated with capsular laxity
and microinstability, therefore requiring additional capsu-
lar procedures in patients with BDDH to reduce the chance
of instability postoperatively. Even in patients who are
treated for FAI arthroscopically and do not have BDDH,
inadequate or lack of capsular plication/closure can result
in the need for revision arthroscopy. Because the hip cap-
sule is an important stabilizer of the hip joint,2"?® capsular
plication should be performed for patients who have FAI
with or without BDDH.
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Postoperative mHHS

Control BDDH Mean Difference
Study and Year N Mean SD N Mean SD Forest Plot Weight (%) [95% Clj
Nawabi (2016) 118 84.7 16.5 42 86.2 14.6 n—-—— 20 -1.50 [-6.83, 3.83]
Beck (2019) 224814 172 112786 18.1 »——.—4 34.7 2.80 [-1.24, 6.84]
Evans (2017) 17855 7 17 88 83 r———a—— 212 2.56[7.73,2.61]
Cvetanovich (2017) 312 76.3 16.1 36 79.9 138 a—-—A—« 241 -3.60 [-8.45, 1.25]
Random-effects model —-—-— -0.95 [-4.00, 2.11]
Heterogeneity: 12= 38%; 95% CI [0%, 95%] Favors BDDH : Favors FAI Overal Test: Z = -0.61; p = 0.544
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Figure 2. Random-effects weighted mean difference in postoperative modified Harris Hip Score (mHHS) between the control and
borderline developmental dysplasia of the hip (BDDH) groups. FAIl, femoroacetabular impingement.

Control BDDH Postoperative HOS-ADL Mean Difference
Study and Year N Mean SD N  Mean sD Forest Flot Weight (%) [95% cl]
Nawabi (2016) 125 90.7 133 45 932 11.3 — . 30.1 -2.50 [-6.54, 1.54]
Beck (2019) 224 858 17.9 112 855 174 — 30.9 0.30 [-3.68, 4.28]
Evans (2017) 17 939 66 17 947 7.6 :—l—-—* 21.6 -0.80 [-5.57, 3.97]
Cvetanovich (2017) 312 855 17 36 886 152 -—-—-—1 17.4 -3.10[-8.41, 2.21]
Random-effects model ——— -1.37 [-3.59, 0.84]
Heterogeneity: 12= 0%; 85% CI [0%, 85%) Favors BDDH 3 Favors FAI Overall Test: Z = -1.21; p = 0.225
T T f \
-10 -5 0 5

Mean Difference

Figure 3. Random-effects weighted mean difference in postoperative Hip Outcome Score—Activities of Daily Living (HOS-ADL)
between the control and borderline developmental dysplasia of the hip (BDDH) groups. FAI, femoroacetabular impingement.

Control BDDH POStOperatwe HOS-SSS Mean Difference
Study and Year N Mean SD N Mean SD Forest Plot Weight (%) [95% ClI]
Nawabi (2016) 12078.8 252 44 85.4 22.1 — 258 -6.60 [-14.54, 1.34]
Beck (2019) 224747 261 112726 271 —i.— 44 210[-3.97, 8.17]
Evans (2017) 17 72 167 17 81.6 19.1 ._._.___._4 11.2 -9.61 [-21.67, 2.45]
Cvetanovich (2017) 312731 271 36 736 26.7 ._._. 19.1 -0.50[-9.73,8.73]
Random-effects model — -2.56 [ -7.80, 2.69]
Heterogeneity: 12= 36%; 95% CI [0%, 95%)] Favors BDDH Favors FAI Overall Test Z=-0.96; p = 0.339

[ | 1 i ]
-30 -20 -10 0 10
Mean Difference

Figure 4. Random-effects weighted mean difference in postoperative Hip Outcome Score-Sport Specific Subscale (HOS-SSS)
between the control and borderline developmental dysplasia of the hip (BDDH) groups. FAI, femoroacetabular impingement.
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Patient Satisfaction
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Control BDDH Mean Difference
Study and Year N  Mean sD N  Mean sD Forest Plot Weight (%) [95% CiIj
Beck (2019) 224 738 29 112 7.7 2.9 —-.— 0.13 [-0.52, 0.78]
Evans (2017) 17 85 1.2 17 79 23 — . 0.58 [-0.64, 1.80]
Cvetanovich (2017) 312 7.8 27 36 8.2 2.2 a—'—-—c -0.35 [-1.14, 0.44)
Random-effects model ---- 0.03 [-0.44, 0.49]
Heterogeneity: 12= 0%; 95% CI [0%, 98%] Favors BDDH : Favors FAI Overall Test: Z = 0.12; p = 0.906
| T f T
-2 -1 0 1

Mean Difference

Figure 5. Random-effects weighted mean difference in patient satisfaction between the control and borderline developmental
dysplasia of the hip (BDDH) groups. FAI, femoroacetabular impingement.

TABLE 6
Failure Rate of the Included Studies®
Nawabi'® Beck? Evans® Cvetanovich*
Participants
Control 131 224 21 312
BDDH 46 125 21 36
Revision hip arthroscopy
Control 6 (4.6%) 0 0 2 (0.6%)
Description 5.8-37.3 mo postoperatively NR NR NR
e 2 for heterotopic ossification
e 2 for recurrent labral tears and loose bodies
e 1 for residual impingement and a gluteus medius tear
e 1 for residual impingement with capsular laxity
BDDH 2 (4.3%) 1 (0.8%) 0 1 (2.8%)
Description 9.6-23.8 mo postoperatively NR NR NR
e 1 for painful adhesions
e 1 for recurrent labral tear
Conversion to THA
Control 0 0 0 3 (1.0%)
BDDH 0 1 (0.8%) 0 0

“Data are reported as n (%). BDDH, borderline developmental dysplastic hip; NR, not reported; THA, total hip arthroplasty.

Across 2 of the 3 meta-analyzed PROs, the postoperative
treatment effect favored patients in the FAI with BDDH
groups.2*%!® This is not to infer that arthroscopy is not a
favored treatment for patients with FAI without BDDH.
However, there was no statistical significance in these
results. This indicates that further research is required to
establish a larger base of knowledge from which to pull and
analyze data for a stronger consensus on outcomes. The sam-
ple size of patients who had FAI without BDDH included
688 patients with a total of 8 (1.2%) reported revisions and
3 (0.4%) THAs; the 228 patients who had FAI with BDDH
reported 4 (1.8%) revisions and 1 (0.4%) failure. Although
there was no statistical significance in these results, there
may be a higher rate of failure when using arthroscopic

surgery for the treatment of patients who have FAI with
BDDH when compared with those patients without BDDH.
Given that DDH is a known risk factor for hip OA,2! it is
possible that patients with BDDH may have worse results
with longer follow-up. The follow-up periods of the included
studies were relatively short (all <3 years), and the patients
treated were young (mean age, <35 years for all studies).

Limitations

This review has several limitations. First, this review had a
risk of publication bias, as cases of clearly diagnosed BDDH
were published and listed in medical literature search
engines whereas underdiagnosed cases were probably less
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Control BDDH Mean Difference
Study and Year N #Rev N #Rev Forest Plot Weight (%) [95% Cl]
Nawabi (2016) 131 6 46 2 -—u—< 53.1 0.05 [-1.58, 1.89]
Beck (2019) 224 0 112 1 = : 138 -1.80 [-5.01, 1.41]
Evans (2017) 17 0 17 0 = 9 0.00 [-3.98, 3.98]
Cvetanovich (2017) 32 2 36 1 - ! 242 -1.49 [-3.91, 0.94]
Random-effects model e -0.58 [-1.77, 0.61]
Heterogeneity: 12= 0%: 95% CI [0%, 86%) Favors BDDH Favors FAI Qverall Test: Z = -0.95; p = 0.341

\ i T 1
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Log Odds Ratio

Figure 6. Random-effects weighted mean difference in revision (Rev) hip arthroscopy rates between the control and borderline
developmental dysplasia of the hip (BDDH) groups. FAI, femoroacetabular impingement.

Conversion to THA

Control BDDH Mean Difference
Study and Year N #THA N #THA Forest Plot Weight (%) [85% clj
Nawabi (2016) 131 0 46 0 = 19.1 -1.04 [-4.97, 2.89]
Beck (2019) 224 0 112 1 = 28.8 -1.80 [-5.01, 1.41]
Evans (2017) 17 0 17 0 = 18.8 0.00 [-3.98, 3.98]
Cvetanovich (2017) 312 3 36 0 l 333 -0.19 [-3.17, 2.79]
Random-effects model —-—-——-— -0.78 [-2.50, 0.94]
Heterogeneity: 12= 0%; 95% CI [0%, 67%) Favors BDDH Favors FAI Overall Test: Z = 0.89; p = 0.374
I T T f T 1
6 -4 -2 0 2 4

Log Odds Ratio

Figure 7. Random-effects weighted mean difference in the conversion rates between the control and borderline developmental
dysplasia of the hip (BDDH) groups. FAI, femoroacetabular impingement; THA, total hip arthroplasty.

likely to be published in the medical literature. Second, we
included only comparative studies to do the meta-analysis in
order to exclude the following confounding factors: country/
race, hospital, and procedures. A third limitation was that
the diagnostic pathway was not validated. Each diagnostic
procedure should be assessed to confirm whether it in fact
exhibits test sensitivity. We also did not have information on
the selection of patients with FAI and BDDH. It is possible
that there were some patients who underwent periacetabu-
lar osteotomy rather than arthroscopy depending on surgeon
preference and associated pathology. More research should
be done on larger sample sizes to determine if the benefits
outweigh the risks of arthroscopy for patients with BDDH.
A fourth limitation was that the small size of this sys-
tematic review limits the weight of these findings, and more
research is still needed to appropriately answer the

question at hand. The fifth limitation was that the mini-
mum 2-year follow-up period of most papers included was
not ideal for a systematic review assessing outcomes and
failure rates for a surgical procedure that seeks to alter the
natural history of the underlying disease. It should be
noted that given the nature of this review, there was het-
erogeneity across studies in terms of surgical procedure,
terminology, and diagnostic procedure. Each surgeon and
each corresponding patient showed variability, as shown in
the arthroscopic findings and concomitant procedures sum-
mary of each included article. Some of these patients under-
went associated procedures not related to FAI (eg, iliopsoas
release). Furthermore, this limits how homogeneously find-
ings were able to be summarized. Sixth, the studies had
minor differences in the definition of BDDH. BDDH is
largely defined solely according to lateral acetabular
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coverage,®! which is mostly evaluated using the LCEA.2°
Recent studies have supported the formerly mentioned
study, suggesting that the analysis of the hip based on a
single measurement of the LCEA is not substantial to diag-
nose a patient as having BDDH.® Wilkin et al®® described
that 3-dimensional analysis using computed tomography
scans has shown that hip dysplasia has a variety of forms,
with acetabular undercoverage being found in the anterior,
lateral, and posterior acetabular regions. In other words,
we should consider several radiographic features to deter-
mine the full area of acetabular coverage, including vertical
center anterior angle,'? the acetabular wall indices,?® the
Femoral Epiphyseal Acetabular Roof index, and the Toénnis
acetabular roof angle.?® These measurements lead to a
more thorough classification of BDDH when used in con-
junction with each other by evaluating acetabular coverage
of the femoral head in >1 dimension.

CONCLUSION

This study showed that arthroscopic outcomes for patients
with FAI and BDDH are similar to those for patients with
FAI without BDDH.
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