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Patient-Specific Risk Factors Exist for Hip Fractures
After Arthroscopic Femoroacetabular Impingement
Surgery, But Not for DislocationdAn Analysis of

More Than 25,000 Hip Arthroscopies

Kunal Varshneya, B.S., Geoffrey D. Abrams, M.D., Seth L. Sherman, M.D., and

Marc R. Safran, M.D.
Purpose: To identify postoperative complications and risk factors associated with hip fracture and dislocation following
primary arthroscopic surgical management of femoroacetabular impingement (FAI) syndrome. Methods: MarketScan
was queried to identify patients who underwent FAI surgery from 2007 to 2016. Patients were stratified into 2 groups:
acetabuloplasty only or femoroplasty only. A subanalysis of combined acetabuloplasty and femoroplasty also was un-
dertaken. Surgical outcomes were followed postoperatively for 180 days. Multivariate logistic regression was used to
control for with an alpha value of 0.05 set as significant. Results: This study identified 13,809 patients (mean age, 36.3
years) who underwent primary acetabuloplasty or femoroplasty. We also identified 10,026 patients who underwent both
procedures. Postoperative complication rates were similar between the cohorts (acetabuloplasty 17.1%, femoroplasty
19.9%, P ¼ .0622). Rates of hip fracture (femoroplasty: 2.4% vs acetabuloplasty: 2.0%, P ¼ .0302) and heterotopic
ossification (femoroplasty: 11.3% vs acetabuloplasty: 8.8%, P < .0001) were greater in the femoroplasty-only cohort.
Combined acetabuloplasty and femoroplasty was associated with the greatest complication burden of 21.6% (P < .0001).
After multivariate regression, differences in age, sex, comorbid status, or procedure type did not influence odds in risk for
postoperative hip dislocation. Adjusted data showed that neither femoroplasty nor acetabuloplasty influenced odds of hip
fracture (P > .05). Patients who were aged younger than 20 years old were significantly less likely to fracture their hips
postoperatively than patients aged 60þ years (odds ratio 0.3, 95% confidence interval 0.1-0.8). Hypertension
was independently associated with increased odds of hip fracture (odds ratio 1.7, 95% confidence interval 1.2-3.5).
Conclusions: Older age, male sex, and hypertension all carry increased risk for a hip fracture following acetabuloplasty or
femoroplasty. Patient- and procedure-specific factors that could be assessed with this database did not influence risk for
hip dislocation. Level of Evidence: Level III; retrospective comparative observation trial.
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emoral osteoplasty and acetabuloplasty have
Fbecome prevalent arthroscopic hip procedures in
recent years.1-3 These procedures are primarily per-
formed to treat symptomatic femoroacetabular
impingement (FAI), with femoral osteoplasty being used
in cases of cam impingement and acetabuloplasty in
cases of pincer impingement. These procedures also are
used often in conjunction to treat the most common
type of FAI, mixed-type impingement.4-9 Given the
increasing use of femoral osteoplasty and acetabulo-
plasty, understanding the risks, and particularly risk
factors, for complications of these procedures is para-
mount. Complications of hip arthroscopy have been well
documented, and the procedures are commonly un-
derstood to carry low complication rates, with overall
complication rates between 1% and 8%.10-12 Major
complications of arthroscopic FAI treatment include
proximal femoral fracture, hip dislocation, and avascular
necrosis of the femoral head.12-17 The documented risk
factors for proximal femoral fracture following FAI sur-
gery include over-resection of the femoral headeneck
junction,18-21 early/excessive postoperative weight-
bearing,16,22-25 and trauma, such as falling on the sur-
gical hip.26-28 Risk factors for hip dislocation include
excessive acetabular resection,11,29,30 ligamentous
laxity,31,32 iliopsoas tenotomy,33 and excessive capsular
resection.34-36 Many of the identified risk factors are
related to operative approach or technique and post-
operative management, but the influence of patient
specific characteristics on the risk of complications after
hip arthroscopy is not well understood.
Using a national claims database, the purpose of this

study was to identify postoperative complications and
risk factors associated with hip fracture and dislocation
following primary arthroscopic surgical management of
FAI syndrome. The hypothesis is that surgical tech-
nique, comorbidity burden, and increasing age would
influence the rates of postoperative hip dislocation and
fracture.
Methods

Data Source
This study obtained a sample of the MarketScan

Commercial Claims and Encounters database (Truven
Health Analytics, Ann Arbor, MI) from January 2007 to
December 2016. This database is a collection of com-
mercial inpatient, outpatient, and pharmaceutical claims
of more than 75 million employees, retirees, and de-
pendents representing a substantial portion of the U.S.
population covered by employer-sponsored insurance.
MarketScan contains 53 million patient inpatient re-
cords, 40 million with employer-sponsored insurance,
3.7 million with Medicare Part B, and 6.8 million on
Medicaid, for a total of more than 28 billion patient
records. The data are updated quarterly, with all new
records becoming available within 15 months of service
and 91% of claims available within 5 months. Due to
MarketScan’s sourcing from large employers, its data
boasts superior longitudinal tracking of patients.
Compared with other more frequently used databases in
the orthopaedic literature such as PearlDiver (PearlDiver
Technologies Inc., Colorado Springs, CO), MarketScan’s
larger cohort of unique patients (approximately 3 times
more than PearlDiver) and significantly lower rates of
loss to follow-up make it a particularly rich source of
data. Truven Health Analytics MarketScan data sets are
publicly available to researchers for a fee per year of
data. The MarketScan database contains International
Classification of Diseases, Ninth Revision, Clinical Modification
and Tenth Revision, Clinical Modification, Current Proce-
dural Terminology (CPT), Diagnosis Related Group
codes, as well as National Drug Codes. Stanford Uni-
versity Department of Public Health Sciences provided
the data source for this study.

Inclusion Criteria
This study identified patients who underwent primary

arthroscopic femoral osteoplasty (CPT 29914) or ace-
tabuloplasty (CPT 29915) between 2007 and 2016.
Patients who underwent both were categorized as
“both” and included in a subgroup analysis. Only pa-
tients with confirmed laterality were included in this
study to assure any dislocation or fracture occurred on
the surgical side. Individual demographic information
and comorbidity status including age, sex, history of
diabetes, hyperlipidemia, hypertension, obesity, osteo-
porosis, and tobacco use of each patient were gathered
(Table 1).

Outcomes
The primary outcome of this study was to determine

postoperative complication profiles of patients under-
going femoral osteoplasty (femoroplasty or cheilec-
tomy) or acetabuloplasty. The presence of a
postoperative complication was defined as a complica-
tion occurring within 30 days of the index surgery
(Table 2). These included bursitis (727.3), infection
(998.5-998.59, 730.0-730.91, 996.66, 996.67), hema-
toma (998.1, 998.11, 998.12, 998.13), nerve injury
(955.0-955.9, 907.4), or wound complications (998.3,
998.31, 998.32, 998.81, 998.83, 998.4, 101.40, 101.60,
101.80, deep vein thrombosis (451.0-453.9), and pul-
monary embolism (415.1-415.19). Thromboembolism
was defined as presence of either a pulmonary embo-
lism or deep vein thrombosis. Hip dislocation (835.0-
835.13), hip fracture (820.0-820.9), and heterotopic
ossification (728,1, 728.19, 728.13, 726.91) were
included if they occurred within 90 days of surgery. Hip
fractures or dislocations were only counted if they
occurred on the ipsilateral hip following surgery.



Table 1. Demographics of Patients

Variables (%)
Acetabuloplasty
Only n ¼ 2,564

Femoroplasty
Only n ¼ 11,245 P Value

Age, y, mean 36.7 36.2 .3264
Female sex 76.8 61.2 <.0001
Diabetes 7.7 6.8 <.0001
Hypertension 21.8 18.1 <.0001
Hyperlipidemia 23.9 21.3 .0054
Obesity 11.9 10.2 .0086
Osteoporosis 8.1 5.4 <.0001
Tobacco use 8.1 7.6 .4628

Bold value indicates statistically significant.
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Patient Groups and Statistical Analysis
Patients were stratified into surgical groups based on

their index procedure: isolated femoral osteoplasty or
acetabuloplasty. A subgroup analysis of patients who
underwent both procedures simultaneously was also
conducted. Two-sample t tests and c2 tests were used to
assess significant differences in unadjusted de-
mographic data, and postoperative complications. To
minimize the effect of potential confounding on the
direct comparison of patients undergoing the femoral
osteoplasty or acetabuloplasty procedures, a multivar-
iate logistic regression controlled for baseline covariates
such as age, sex, and comorbidities that had statistically
significant different differences. (Tables 3 and 4). An
alpha value of 0.05 was set as significant.
Table 2. Unadjusted Complications Within 30 Days

Variables (%)
Acetabuloplasty
Only n ¼ 2,564

Femoroplasty
Only

n ¼ 11,245 P Value

Any complication 17.1 19.9 .0622
Bursitis 4.2 3.4 .0362
Hip dislocation (90 d) 2.3 2.1 .0501
Hip fracture (90 d) 2.0 2.4 .0302
Hematoma 1.3 0.8 .0803
Infection 1.6 1.2 .0857
Nerve injury 0.3 0.3 .8928
Heterotopic ossification

(90 d)
8.8 11.3 <.0001

Thromboembolism 1 1.1 .4877
Wound complication 0.8 0.7 .762

Bold value indicates statistically significant.
Results

Patient Cohort
A total of 13,809 patients met the inclusion criteria of

this study, with each group being mutually exclusive
(Table 1). Patients were similarly aged among the
procedure groups. Patients who underwent acetabulo-
plasty only were more likely to be female (76.8%) than
those undergoing femoral osteoplasty (61.2%) (P <
.0001). Rates of diabetes, hypertension, and hyperlip-
idemia were significantly higher in the acetabuloplasty
cohort versus the femoroplasty group (P < .05).

Complications
Unadjusted complications rates were similar between

the 2 surgical techniques (acetabuloplasty 17.1%,
femoral osteoplasty 19.9%, P ¼ .0622). Heterotopic
ossification was significantly more common in the
femoroplasty cohort (11.3% vs 8.8%, P < 0.0001). Hip
fractures were also more common in patients who un-
derwent femoroplasty (2.4%) than acetabuloplasty
(2.0%) (P < .05). Rates of thromboembolism, nerve
injury, infection, and hematoma were similar among
surgical techniques (Table 2). In the subgroup analysis, a
combined acetabuloplasty-femoroplasty was associated
with the greatest unadjusted composite complication
rate (21.6% vs femoroplasty 19.9% vs acetabuloplasty
17.1%, P < .0001) (Table 5).

Multivariate Regression Analysis
Age groups were at similar risks for hip dislocation,

from younger than 20 years to older than 60 years
(P > .05). Sex and baseline comorbidity status (dia-
betes, hypertension, osteoporosis, tobacco use) did not
impact risk for hip dislocation. When compared with
acetabuloplasty, femoroplasty did not lead to greater
rates of dislocation after we controlled for other vari-
ables (odds ratio [OR] 0.8, 95% confidence interval [CI]
0.4-1.1) (Table 3).
Patients who were aged younger than 20 years old

were significantly less likely to fracture their hips
postoperatively than patients aged 60þ years (OR 0.3,
95% CI 0.1-0.8). Female patients were also at lower
odds of hip fracture compared with their male coun-
terparts (OR 0.6, 95% CI 0.5-0.9). Hypertension was
independently associated with increased odds of hip
fracture (OR 1.7, 95% CI 1.2-3.5). Femoroplasty or
acetabuloplasty did not independently lead to increased
or decreased odds of hip fracture (P > .05) (Table 4).
Discussion
This study sought to better understand the risk factors

for these 2 complications. We found that hypertension
increased odds for fracture, whereas female sex and
younger age was protective against a fracture. However,
no covariates independently increased or decreased risk
for postoperative hip dislocation. Femoroplasty and
acetabuloplasty are common ways to treat cam and
pincer FAI, respectively.4,5 Proximal femoral fracture
and hip dislocation are 2 uncommon, yet major, com-
plications that can occur following these arthroscopic
surgeries.15,16,18-20 FAI is characterized by abnormal
bony morphology of the femoral head and/or the ace-
tabulum as well as abnormal orientation of these 2
features resulting in abnormal contact within the joint



Table 3. Multivariate Logistic Regression to Identify
Predictors of Hip Dislocation

Variables (%) OR 95% CI P Value

Age, y (reference 60 y and up)
0-20 0.4 0.1-1.15 .051
21-30 0.7 0.2-1.7 .2225
31-40 1.1 0.3-2.9 .0961
41-50 0.8 0.2-2.0 .8521
51-60 1.1 0.3-3.1 .7911

Female vs male 0.8 0.6.-1.1 .2468
Diabetes 0.9 0.5-1.7 .8134
Hypertension 1.1 0.7-1.6 .6732
Hyperlipidemia 1 0.6-1.6 .6783
Obesity 1.2 0.8-1.9 .4005
Osteoporosis 1.6 0.9-2.8 .0931
Tobacco use 1.3 0.7-2.1 .2783
Femoroplasty vs acetabuloplasty 0.8 0.4 e 1.1 .3183

CI, confidence interval; OR, odds ratio.

Table 4. Multivariate Logistic Regression to Identify
Predictors of Hip Fracture

Variables (%) OR 95% CI P Value

Age, y (reference 60 years and up)
0-20 0.3 0.1-0.8 <.0001
21-30 0.7 0.2-2.1 .6233
31-40 0.7 0.2-2.1 .4481
41-50 0.8 0.2- 2.1 .2631
51-60 0.7 0.2-1.8 .9249

Female vs male 0.6 0.5-0.9 .0036
Diabetes 0.8 0.4-1.4 .4286
Hypertension 1.7 1.2-3.5 .0074
Hyperlipidemia 1.1 0.7-1.6 .7622
Obesity 1.3 0.8-1.9 .2201
Osteoporosis 1.6 0.9-2.7 .0858
Tobacco use 1.2. 0.7-2.0 .3322
Femoroplasty vs acetabuloplasty 1.2 0.9 e 1.4 .0981

Bold value indicates statistically significant.
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during motion, particularly during flexion and rota-
tion.21-23 This contact can lead to damage of soft tissues
within the hip and, over time, potentially osteoar-
thritis.21,22,24 Femoroplasty and acetabuloplasty are used
alone or in combination to treat cam-type, pincer-type,
or mixed-type FAI, respectively.4,5 Mixed-type
morphology is believed to be most common,25,26

although Cobb et al.27 found evidence to contradict
this in their series.
Clinical complication rates for arthroscopic treatment

of FAI are relatively low. A systematic review by Mat-
suda et al.28 found reported major complication rates up
to 5% and a more recent meta-analysis by Minkara
et al.29 demonstrated a clinical complication rate of
1.7%. Common minor complications include hetero-
topic ossification, bursitis, transient nerve injury, and
superficial wound complications.8,11,12 Notable major
complications include proximal femoral fracture, hip
dislocation, and avascular necrosis of the femoral head.12

Interestingly, when looking at large databases sourced
data, Truntzer et al.12 and Sochacki et al.11 reported
significantly greater rates than previously shown from
high-volume center studies or systematic reviews. The
results demonstrated a notably greater complication rate
than these previous studies with an unadjusted 30-day
complication rates of 17.1% or acetabuloplasty and
19.9% for femoroplasty. Using a large, national dataset
has been shown to yield complication rates for hip
arthroscopy higher than previously reported in the
literature.12 This may be due to definitions of compli-
cations, or potentially the experience of the surgeon, as
most published studies come from high-volume, expe-
rienced hip arthroscopists, whereas insurance database
studies include hip arthroscopy from nonspecialists in
hip arthroscopy.11 In addition, this study used a highly
inclusive definition of complications, which likely
contributed to the increased total complications rate
compared with the literature. For example, bursitis was
noted as a complication in this study but not included in
the meta-analysis by Minkara et al.29

Proximal femoral fracture is a serious complication
following hip arthroscopy and commonly associated
with cam-resection (i.e., femoroplasty).10,11,15,16,30

Over-resection of the femoral head,30,31 early/exces-
sive postoperative weight-bearing,16,32 and trauma32

are believed to contribute to fracture following hip
arthroscopy. In this study, hypertension showed an
equal increase in odds of proximal femoral fracture
following surgery. Hypertension has been shown in
multiple studies with female cohorts33,34 and a meta-
analysis35 to decrease bone mineral density, but this
relationship was not demonstrated universally.34,36

Hypertension has additionally been found to increase
risk for any fracture37 and specifically for hip frac-
ture.34,38 Therefore, it is reasonable that hypertension
was found in the study to increase odds of proximal
femoral fracture following arthroscopy. It also may be a
factor that hypertension occurs in greater frequency in
older patients, another risk factor hip fracture. This
study also found male sex (OR ¼ 1.7) and older age (60
years þ vs 0-20 years, OR ¼ 1.3) to be independent
predictors of proximal femoral fracture. While female
patients are more commonly thought to be at greater
risk for hip fracture, this analysis controlled for osteo-
porosis and used a relatively young cohort. Fractures of
all types are more common among men than women
aged <50 years.39 The average age in the cohort was
36.2 years for femoroplasty and 36.5 years for aceta-
buloplasty, so this epidemiologic trend may contribute.
The increase risk for fracture among men could be due
to increased likelihood of men to experience a trauma
given that younger men more frequently sustain pelvic
injuries due to high-energy trauma.40-42 In addition,
men may be more likely to be active earlier following
surgery resulting in fracture from early weight bearing.



Table 5. Subgroup Analysis Complications in Non-Mutually Exclusive Cohort

Variables (%) Acetabuloplasty n ¼ 2564 Femoroplasty n ¼ 11,245 Both n ¼ 10,026 P Value

Any complication 17.1 19.9 21.6 <.0001
Bursitis 4.2 3.4 3.6 .1817
Hip dislocation 2.3 2.1 1.6 .0216
Hip fracture 2.0 2.4 1.7 .3496
Hematoma 1.3 0.8 0.8 .0901
Infection 1.6 1.2 1.1 .0749
Nerve injury 0.3 0.3 0.4 .8811
Heterotopic ossification 8.8 11.3 13.1 <.0001
Thromboembolism 1 1.1 1.3 .2313
Wound complication 0.8 0.7 0.9 .3915

Bold value indicates statistically significant.
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The increase in odds for proximal femoral fracture with
advancing age is in keeping with the study by Nguyen
et al. that demonstrated age was an independent risk
factor for fracture in nonosteoporotic cohort.43 These
predictors of proximal femoral fracture following fem-
oroplasty and acetabuloplasty provide arthroscopic hip
surgeons a better understanding each patient’s unique
risk factors to enable more nuanced operative decision
making (e.g., less resection of femoral head in an older,
hypertensive patient) and postoperative planning (e.g.,
delaying weight-bearing in a patient who is at high risk
for fracture).
Hip dislocation following surgery is considered a rare,

but serious complication following FAI surgery. Trunt-
zer et al.12 reported lower rate of hip dislocation in a
broader hip arthroscopy cohort of 0.58% with 1-year
follow-up. Reported risk factors for dislocation
following hip arthroscopy include ligamentous laxity,41

iliopsoas tenotomy,43 excessive capsular resection,42-45

and excessive acetabular resection.18,20,46,47 Over-
resection may lead to hip dysplasia or potentially
compromise of the socket and increase ligament laxity
by severing capsular insertion into the acetabulum.
Some patients may have increased laxity in their liga-
ments, further increasing their likelihood of a post-
operative hip dislocation.48-51 Unfortunately, the data
do not provide operative reports, so information
regarding extent of resectiondhow many patients had
interportal capsulotomies versus T capsulotomies and
how many had partial or complete capsular closuresdis
unavailable.
In this analysis, after 30 days, femoroplasty-only pa-

tients had greater overall unadjusted complication rates
compared to acetabuloplasty-only patients (19.9% vs
17.1%, respectively). These results differ from those
reported by Hartwell et al.,13 where no difference in
complication rates were found. The study’s cohort is
larger than the cohort in the analysis by Hartwell
et al.13 (2,564 vs 103 acetabuloplasty cases and 11,245
vs 527 femoroplasty cases, respectively), which may
have allowed the analysis to realize differences in
complication rates that the Hartwell et al. analysis did
not. Femoroplasty did show statistically significant dif-
ference in proximal femoral fracture (2.4% vs aceta-
buloplasty at 2.0%, P < .050). Based on reports of
femoroplasty resulting in fracture, the increased rates of
proximal femoral fracture are consistent and even ex-
pected. In an effort to avoid serious complications
associated with femoroplasty (fracture and avascular
necrosis) in FAI arthroscopic treatment, Tjong et al.14

demonstrated that combined-type FAI can be success-
fully treated with only acetabuloplasty, but the results
from the study raise questions as to the necessity of
attempting to avoid femoroplasty. However, a concern
with the acetabuloplasty-only technique is the potential
for iatrogenic dysplasia. The loss of bony constraint and
reduced acetabular coverage may lead to further
capsular laxity, hip instability, including dislocation,
and ultimately may results in osteoarthritis.52 Surgeons
may consider the predictors of proximal femoral frac-
ture described in this study when deciding whether
avoiding femoroplasty is the best option for any
particular case.

Limitations
While large databases provide a large cohort for

analysis, there are notable limitations to this approach.
This database does not include many clinically relevant
details, such as the amount of bone resected, capsu-
lotomy and management, surgeon experience, post-
operative plan, and acute causes of the complications
(e.g., traumatic accident). Operative factors including
the fidelity of the surgery, involving factors such as
femoral bone resection or acetabular bone resection,
particularly in comparison with the severity of the FAI,
as well as capsular management do not currently exist
in these large, publicly available databases, as well as in
previous studies. These factors have been demonstrated
to contribute to postoperative proximal femoral frac-
ture and hip dislocation.32,44,46,49 Given the relatively
rare rates of these major complications, there is a
greater potential for these clinically relevant details to
impact this analysis. To mitigate this, we used a large
cohort which should mute the effects of rare events
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such as traumatic injury. An additional limitation of this
study is that the cohorts had statistically significant
differences in sex and rates of diabetes, hypertension,
hyperlipidemia, and obesity. That said, we conducted a
multivariate analysis to control for the cohort differ-
ences and identify independent predictors. Lastly, the
MarketScan database consists of only privately insured
patients, and therefore may differ in significant ways
from a publicly insured population.

Conclusions
Older age, male sex, and hypertension all carry

increased risk for a hip fracture following acetabulo-
plasty or femoroplasty. Patient- and procedure-specific
factors that could be assessed with this database did
not influence risk for hip dislocation,
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