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Abstract

Purpose of Review Femoracetabular impingement (FAI) is a common source of hip pain in children and adolescents. While
nonoperative therapies and open surgical procedures can be effective, hip arthroscopy is a minimally invasive treatment option
with substantial benefit. The purpose of this paper is to evaluate the current role of hip arthroscopy in treating FAI within the
pediatric population. This article examines its efficacy through a review of hip arthroscopy outcomes in the contemporary
orthopaedic literature.

Recent Findings Morphologic changes in the acetabulum and proximal femur seen in FAI can be attributed to a multitude of
etiologies—including idiopathic FAI, Legg-Calve-Perthes, and slipped capital femoral epiphysis. In general, arthroscopic treat-
ment of FAI secondary to these conditions leads to statistically significant improvements in pain and patient-reported outcomes in
the short and long term. In the pediatric athlete, repetitive stress on the hip perpetuates FAI and can drastically hinder perfor-
mance. Hip arthroscopy allows for a high rate of return to sport with minimal morbidity in this population.

Summary Overall, pediatric hip arthroscopy is effective in treating FAI secondary to a wide variety of conditions. Despite its
clinical benefits, patients and their families should be counseled regarding alternative treatments, potential complications, and
return to play.

Keywords Hip arthroscopy - Femoroacetabular impingement - Pediatrics - Legg-Calve-Perthes - SCFE

Introduction findings. While nonoperative treatment—including activity

modification, analgesics, physical therapy, corticosteroid

Femoroacetabular impingement (FAI) is a common source of
hip pain in the pediatric population. Family history, secondary
pediatric hip pathologies, and athletics are among the multiple
etiologies for FAI in skeletally immature individuals [1-5].
Between 2000 to 2016, the incidence of FAI has risen among
adolescent patients [6]. Diagnosis and treatment type are rou-
tinely made using a combination of clinical and radiographic
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injections—can be effective for first-line management [7—10],
select patients fail these conservative measures and continue to
have debilitating pain. Multiple surgical options have proven to
be effective for FAI [6, 11, 12]. Among these, hip arthroscopy
is a minimally invasive procedure used for reshaping the prox-
imal femur/acetabulum as well as debridement and repair of the
surrounding soft tissue. Initially described by Gross in 1977
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[13], hip arthroscopy can decrease pain and preserve hip func-
tion by restoring physiologic hip morphology [2, 14, 15].
Understanding the etiology of FAI—whether idiopathic or
due to secondary hip pathologies—helps provide evidence-
based guidance for treatment. This paper aims to explore the
contemporary understanding of pediatric patient outcomes after
hip arthroscopy in the treatment of FAIL.

Primary FAI

While FAI can often be attributed to a variety of conditions,
primary FAI is idiopathic in nature. Repetitive flexion, inter-
nal rotation, and adduction promotes impingement and subse-
quent hip morphologic changes [14, 16]. These alterations
manifest as CAM, pincer, or mixed lesions which lead to hip
pain and limited range of motion (Fig. 1) [17]. However, hip
arthroscopy is an efficacious treatment option in the short,
intermediate, and long term for primary FAIL

Overall, post-operative short-term functional outcomes
found in the literature support hip arthroscopy in the treatment
of FAIL. Nwachukwu et al. conducted a prospective, single-
center registry study to evaluate post-arthroscopic outcomes
after treating primary FAL Of the 47 children enrolled, 91%
reported greater function at one year. Also, a higher propor-
tion of children obtained substantial clinical benefit compared
to their adult countertops in the registry (53% vs 40%) [18].

Midterm outcomes suggest hip arthroscopy is a reliable
tool for pain relief. Beck et al evaluated 5-year clinical out-
comes and failure rates in 139 patients (age 13-21) who un-
derwent arthroscopic treatment for FAI. Patients with previ-
ous hip surgery, acetabular dysplasia, and FAI secondary to
pediatric hip disorders were excluded. Mean post-operative
outcome scores were significantly higher across all metric

Fig. 1 FAI radiographic findings
show a CAM lesion (Photo A),
Pincer lesion (Photo B), or both

tools (p < 0.001), and meaningful outcome thresholds were
observed in 89.2% of participants. Of these patients, only
2.4% required revision arthroscopic surgery. None underwent
conversion to total hip arthroplasty [19°].

With the increase in popularity of hip arthroscopy, there is
growing evidence to support the long-term efficacy of this
procedure. Menge et al examined 10-year hip arthroscopy
outcomes in adolescent patients (mean age = 16 & 1.2 years)
with symptomatic FAI and labral tears. Again, exclusion
criteria included history of hip surgery, history of hip frac-
ture/dislocation, acetabular dysplasia, or Legg-Calve-Perthes
disease (LCPD). Revision surgery was observed in 10% of
patients, all of whom were female. In the non-revision cohort
(mean follow-up = 12 years), statistically significant increases
were observed in HOS-ADL, HOS-Sport, mHHS, and SF-12
PCS [207].

Hip arthroscopic surgery involves eliminating points of
femoral-acetabular abutment, but post-operative bone re-
growth has been speculated. Perets et al followed 11 pediatric
hips (10 females) after arthroscopic femoroplasty to determine
if cam lesions returned. At 2 years, no radiographic evidence
of bone regrowth was documented in the entire cohort.[21]

Hip arthroscopy is an effective treatment option in the sus-
tained management of primary FAI. Future investigations into
optimal timing of arthroscopic surgery to decrease conversion
rates to hip osteotomy or arthroplasty may be valuable.

Legg-Calve-Perthes

LCPD is defined as aseptic necrosis of the femoral epiphysis
in young children and is a common hip pain generator. Perthes
commonly affects children between the ages of 4-8 years old
with a five times higher incidence in males [22]. While the
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exact etiology is unclear, genetics, birth history, vascular dis-
ruption, and socioeconomic status are known risk factors.
LCPD disease exists along a spectrum ranging from minimal
femoral head involvement to total head destruction with asso-
ciated acetabular changes (Fig. 2) [23-26]. Open hip
osteotomy has been the favored treatment for advanced
LCPD, but there is significant morbidity following these pro-
cedures [27-29]. Growing evidence supports the role of hip
arthroscopy as an effective alternative treatment of FAL

Lim et al. performed a retrospective review of functional
outcomes after hip arthroscopy in 34 pediatric patients with
various hip pathologies. In the LCPD subgroup, all patients
reported decreased symptoms and greater function at an aver-
age follow-up of 5.2 years [30°].

One retrospective study evaluated modified Harris Hip
Scores in ten patients (mean age = 12.7 years old) who under-
went hip arthroscopic debridement for LCPD. Patients with
advanced disease stages—as determined by the Stulberg and
Waldenstrom classification—were not excluded. Interestingly,
no significant association was demonstrated between successful
outcomes and age, laterality of surgery, or stage of disease.
However, a significant difference was observed between pre-
and post-operative mHHS after arthroscopic treatment [317].

Lastly, hip arthroscopy has diagnostic utility in the setting
of LCPD. Current imaging modalities—such as X-ray and
MRI—are useful for evaluating intaarticular pathology but
can underestimate the disease process. Tiwari et al. compared
the diagnostic efficacy of MRI to hip arthroscopy in LCPD.
MRI was shown to have poor sensitivity with respect to labral
tears (25%) and loose bodies (20%) and a low negative pre-
dictive value for synovial effusions (12%) [32]. While MRI is
clinically useful in the diagnostic workup, hip arthroscopy
provides optimal visualization of LCPD pathology.

Slipped Capital Femoral Epiphysis (SCFE)

SCEFE is a condition which involves posteroinferior displace-
ment of the capital femoral epiphysis on the metaphysis through

the physis. Patients typically present with pain in the groin,
thigh or knee and may also demonstrate a notable limp.
Incidence in the USA is around 10 per 100,000, with greater
risk in males, adolescents, and overweight individuals [33, 34].
As the clinical course of SCFE progresses, modification is
made to the anatomy of the proximal femur which can lead to
development of FAI (Fig. 3). Pediatric patients with FAI are at
increased risk of hip pain, early arthrosis, and subsequent de-
creased range of motion through the hip joint [35]. Operative
techniques used in preventing development of FAI in SCFE
patients are beyond the scope of this review. The focus will
be on surgical outcomes following three surgical interventions
for pediatric patients with FAI secondary to SCFE: arthroscopic
osteochondroplasty, open osteochondroplasty with surgical hip
dislocation, and open osteotomy.

Arthroscopic osteochondroplasty has historically been suc-
cessful in managing FAI in patients with mild to moderate
SCFE. Chen et al. performed a retrospective study of 37 patients
with FAI secondary to SCFE. Patients with mild or moderate
slippage (Southwick angle <30 or 30-60 respectively) had better
outcomes after arthroscopy [36]. Tscholl investigated 14 patients
with mild epiphysiolysis who underwent arthroscopic
osteochondroplasty with results demonstrating an overall de-
crease in the alpha angle postoperatively [37]. A recent study
demonstrated improved hip function and decreased pain follow-
ing arthroscopy even in patients with severe SCFE (Southwick
angle >60) [38]. Saito performed a systematic review of 6 studies
on arthroscopy for FAI secondary to SCFE showing significant
improvement on Modified Harris Hip Score, improved internal
rotation, and only 1 major complication out of 90 hips [397].

Open osteochondroplasty may be necessary in cases with a
greater degree of slippage as it provides a 360-degree view
and facilitates surgical hip dislocation. Valenza studied 17
hips treated with open osteochondroplasty with surgical hip
dislocation resulting in subjective improvement of FAI symp-
toms and an increase in hip mobility [40]. Two recent studies
have directly compared surgical approaches for FAI second-
ary to SCFE. Oduwole performed a systematic review and
meta-analysis of 15 studies totaling 266 hips treated with

and femoral osteoplasty (Photo C)
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Fig. 3 Legg-Calve-Perthes
radiographic findings
demonstrate femoral epiphyseal
flattening and associated
acetabular dysplasia

either arthroscopic osteochondroplasty, open surgical hip dis-
location or open osteotomy. Hip dislocation resulted in the
greatest mean alpha angle reduction followed closely by ar-
throscopy (41% vs 32% respectively) while arthroscopy had a
significantly lower rate of complication compared to disloca-
tion or open osteotomy (1.6% vs 10.7% vs 6.7%) [41]. A
retrospective review comparing hip arthroscopy versus open
surgical hip dislocation in 86 patients did not detect a differ-
ence in postoperative improvement between groups.
Preoperatively, the open group had greater degree of deformi-
ty and higher rate of full thickness cartilage defects [42].
There are several areas for future research regarding second-
ary FAI following SCFE. Future studies may focus on long-term
outcomes following the various surgical approaches as current
literature investigates outcomes at less than 5 years postop.
Additionally, further research to determine standardized indica-
tions for arthroscopy vs open approaches with respect to
Southwick angle or other preoperative criteria may be beneficial.

Adolescent Athletes

In the USA, upwards of 60 million children are involved in
recreational or competitive organized sports [43, 44]. Pediatric

Fig. 4 Eighteen-year-old female
collegiate fencer with a 6-month
history of right groin pain. Right
hip X-rays demonstrates a right

CAM lesion with crossover sign

athletes are susceptible to developing intraarticular hip pathol-
ogies due to a multitude of factors. Type of sport can propa-
gate changes in proximal femur and acetabular anatomy due
to increased forces across the hip (Fig. 4) [4, 5]. Additionally,
intensity and duration of training are known contributors to
FAI development [45]. A cross-sectional study examining
214 male pediatric soccer players revealed a 30% prevalence
of FAL In this cohort, a two-fold higher rate of FAI was seen
in individuals training 12.5 h or more of per wee [4]. A meta-
analysis performed by Nepple et al. investigated the associa-
tion between adolescent athletic participation and CAM lesion
development. Compared to the control group, male athletes
were found to have 1.8—8 times higher rate of CAM deformity
and greater pooled prevalence rate (41% vs 17%) [46]. Lastly,
early single sport specialization is associated with a higher
likelihood of intraarticular pathology development in adoles-
cent athletes [47].

In adolescent athletes, hip pain attributed to FAI creates
significant challenges for orthopedic surgeons. Maximizing
post-operative hip function, minimizing time to return to play,
and sustaining long-term hip preservation are the primary
goals of treatment in this population. For these reasons, correct
surgical indications are critical in returning patients to their
pre-operative levels. Understanding how patients perform
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after hip arthroscopy will help clarify the utility of these
procedures.

A single-center, retrospective review evaluated 2-year out-
comes in 69 pediatric athletes (mean age 15.9) who underwent
hip arthroscopy for symptomatic FAL. The most common
sports included track and field, soccer, dance, baseball, and
basketball. At the final timepoint, 84% had resumed compet-
itive activity, and all patient-reported outcomes were im-
proved compared to pre-surgical levels. However, 7.4% of
patients required revision arthroscopy at roughly 3 years after
index procedure [487].

Byrd et al. investigated post-arthroscopic outcomes in ad-
olescent athletes with symptomatic FAI. Follow-up ranged
from 24 to 120 months. Using the mHHS outcome measure,
97% of patients reported improvement, and 86% returned to
sport. Failure to return to play was observed in patients with
comparatively lower mHHS numbers preoperatively.

Memon et al performed a systematic review that evaluated
the rate of return to sport after hip arthroscopy in athletes—
including pediatric, professional, collegiate, and recreational.
Pediatric patients showed a 95% pooled rate of return, the
highest among any group in the study [497].

FAI can be detrimental to athletic performance and sus-
tained participation in sport. Hip arthroscopy consistently af-
fords pediatric athletes expedited retumn to play at pre-injury
levels without the morbidity observed after open hip surgery.
However, mild CAM deformity and lack of participation in
sports are independently associated with poorer outcomes [50].

Complications

Hip arthroscopy provides a less invasive alternative with re-
duced morbidity compared to open hip surgery. Despite its
usefulness in the treatment of FAI, there are risks associated
with hip arthroscopy. These complications are likely similar to
those observed in adults, but there is a paucity of studies in the
pediatric population. The overall complication rate within the
literature ranges from 1.3 to 4.2% [51-54]. A commonly de-
scribed complication associated with hip arthroscopy is
neuropraxia which can be observed in the sciatic, femoral,
and obturator nerve distributions. Shelton et al. evaluated the
expected neuromonitoring changes observed during pediatric
hip arthroscopy and reported intraoperative SSEPs changes >
50% in approximately 80% of patients. However, clinical find-
ings of neuropraxia or nerve injury were only observed in 19%
and resolved within 1-2 days for all patients [55]. Of note, the
amount of skeletal traction was not quantified in this study.
Iatrogenic femoral neck fracture is a potential consequence
of hip arthroscopy. Femoral head resection involves a delicate
balance between adequate lesion debridement and sufficient
bone stock preservation. Excessive bone removal can perpetu-
ate femoral neck fractures. Historically, fracture risk can be
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minimized by removing less than 30% of neck diameter, 5—
7mm of depth, and 8—12mm of width [56]. To our knowledge,
there are no recent pediatric studies that examine hip fractures
secondary to hip arthroscopy, but this phenomenon is described
in the adult literature. Truntzer et al. evaluated 1-year outcomes
after 2,581 hip arthroscopies and determined a major and minor
complication rate of 1.74% and 4.22%, respectively. In terms of
proximal femur fractures, the authors reported an incidence rate
of 1.08% [57]. Proposed factors that may mitigate this risk
include strict adherence to post-operative weight bearing re-
strictions, early return to high-intensity running, and falls [58].

Lastly, while comparatively less invasive than other hip
surgical treatments, hip arthroscopy for the treatment of FAI
requires limitations in the post-operative period. Counseling
patients and their families about expected recovery—
particularly return to school—is critical. Willimon et al. inves-
tigated missed classroom time in a cohort of 206 elementary,
middle, and high school children after common pediatric or-
thopaedic surgeries. On average, treatment of FAI with hip
arthroscopy resulted in 4.8 days of missed school days which
was found to be more than supracondylar fixation and isolated
ACL reconstruction [59].

Hip arthroscopy is a technically challenging procedure that
requires ample case volume to perform at a proficient level.
Additional challenges in the pediatric population—including
stage of skeletal maturity and existing hip disorders—have the
potential to increase case complexity. The learning curve has
been studied in the adult population [60], but there is no liter-
ature that identifies the minimum number of pediatric hip
arthroscopy cases needed to attain a statistically significant
decrease in complications. Future studies investigating this
topic may reduce iatrogenic injury and improve outcomes.

Conclusion

FAI—both idiopathic and secondary—exists as a challenging
musculoskeletal condition within the pediatric population.
Hip arthroscopy is a useful, minimally invasive treatment op-
tion for patients who have exhausted nonoperative modalities.
However, appropriate patient selection and discussions with
families are crucial for optimizing patient outcomes in chil-
dren and adolescents.
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