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ABSTRACT

The purpose of this study is to compare the rate of reoperation after index hip arthroscopy for symptomatic femoroacetabular impingement in
patients with, and without, atleast one self-reported allergy. Data were collected prospectively in 1468 patients whose records were retrospectively
reviewed. After the application of inclusion and exclusion criteria, two cohorts were formed: (i) a study cohort (n =261) composed of patients
with a self-reported allergy and (ii) a control cohort. (n = 666). The allergy cohort had a significantly larger [P < 0.001] reoperation rate (24.1%
[63/261]) compared to the control cohort (9.6% [64/66]). Univariate analysis (UVA) and multivariate analysis (MVA) were then performed
to better understand the implications of allergy status on the arthroscopic outcome. On UVA the presence of an allergy increased the odds of
reoperation after index hip arthroscopy by 2.99 [OR (95% CI): 2.99 (2.04, 4.39); P < 0.001] and for each additional allergy a patient reported,
their odds of subsequent surgery increased by 1.27 per allergy [OR (95% CI): 1.27 (1.15, 1.39); P < 0.001]. However, on the MVA, allergy status
was not an independent risk factor for reoperation. These findings suggest that allergy status is associated with a higher reoperation rate, however,
allergy status alone cannot prognosticate the risk of subsequent surgery. Therefore, allergy status and its association with future surgery after hip
arthroscopy should be considered in the context of multiple patient-specific factors that influence the surgical outcome. An understanding of this

association enables patient-centered care and will strengthen the physician—patient relationship.

INTRODUCTION

The increased use of hip arthroscopy in the treatment of
femoroacetabular impingement (FAI) has been well-
documented over the last 2 decades [1-4]. As such, factors
that predict outcome after hip arthroscopy have been identi-
fied such as age, sex, BMI and Tonnis grade [5, 6]. However,
there are additional patient-specific factors that may influence
the arthroscopic outcome that has yet to be considerably inves-
tigated. Prior research has found that satisfaction with medical
care correlates inferiorly with allergic-type symptoms [7] and
that patients with axis I psychiatric issues may falsely report aller-
gies [8]. Further, psychiatric comorbidity itself has been shown
to adversely impact patient-reported outcomes in orthopedic lit-
erature in regards to pain level, daily function and post-operative
rehospitalization [9, 10].

The relationship between self-reported allergies and out-
comes following hip, knee and shoulder arthroplasty has been
well-studied with evidence showing inferior patient-reported
outcomes, lower preoperative function and less postoperative
improvement in patients with self-reported allergies [11-14].
This topic has likewise recently been investigated in regards to
hip arthroscopy with some studies finding a significant rela-
tionship between self-reported allergies and poor arthroscopic
outcome while others have found no considerable association

[10, 15-18]. The primary metric used to assess the benefit of
hip arthroscopy in these studies were patient-reported outcome
measures (PROMs) which are a relevant and accurate method
to evaluate the benefit of arthroscopic intervention despite their
inherently subjective nature [19, 20]. Provided the conflict-
ing results in the aforementioned studies, an investigation con-
cerning self-reported allergies and reoperation rates after index
arthroscopy would provide more objectively to the literature.
However, to the best of our knowledge, no such literature exists
concerning this topic.

Given this paucity of data, the purpose of this study is to
compare the rate of reoperation after index hip arthroscopy for
symptomatic FAI in patients with, and without, at least one self-
reported allergy. Our primary hypothesis is that patients with at
least one self-reported allergy will have significantly higher rates
of subsequent hip surgery. Further, we hypothesize that the pres-
ence of an allergy will independently predict subsequent surgery
risk after hip arthroscopy.

METHODS

This study was approved by our organization’s Institutional
Review Board (IRB). Data utilized in the present study were
collected from 2006 to 2019 via a separate IRB-approved
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hospital-wide registry. The registry is part of a multi-surgeon
database that tracks outcome data for patients with symptomatic
FAL Patient demographics, PROM(s) and surgical data were col-
lected prospectively at the time of patient presentation via the
registry. A retrospective chart review was then completed to clas-
sify patients according to the presence or absence of an allergy.
Allergy status was determined if a patient’s medical record con-
tained documentation of a specific drug, food, or environmental
allergy. Allergies were determined to be absent if documenta-
tion made clear that a patient denied known allergies. Patients
were excluded from the present study if allergy status could not
be explicitly determined based on chart review.

All patients included in the analysis were assessed before and
after hip arthroscopy with four hip-specific PROMs: the mod-
ified Harris Hip Scope (mHHS) [21], Hip Outcome Score—
Activities of Daily Living (HOS-ADL) [22], Hip Outcome
Score—Sports Subscale (HOS-SS) [23] and the 33-item Inter-
national Hip Outcome Tool (iHOT-33) [24]. All postoperative
PROMs in the present study were collected within 1 year of
hip arthroscopy. Previously established values for the minimal
clinically important difference (MCID) were used as metrics of
significant clinical improvement. MCID values of 8.2, 8.3, 14.5
and 12.1 [25] were used on mHHS, HOS-ADL, HOS-SS and
iHOT-33, respectively.

Exclusion criteria consisted of (i) previous ipsilateral hip
surgery, (ii) Tonnis grade >1, and (iii) patients with a history
of a traumatic ipsilateral hip injury. After the application of this
criteria, 1468 patients were included in the initial chart review.
Medical records were then reviewed to identify patients who
(i) underwent subsequent hip surgery, or (ii) did not require
additional surgery and had a minimum follow-up of at least
24 months (median follow-up of 51.1 months). Of note, subse-
quent hip surgeries were defined as any unplanned ipsilateral hip
surgery that occurred after index hip arthroscopy. Additionally,
allergy status was determined during chart review.

After application of the above criteria, 131 patients were iden-
tified who underwent subsequent hip surgery, however, 4 of
these patients did not have documentation of allergy status and
were therefore excluded. Of the 1337 remaining patients who
did not undergo subsequent hip surgery, 537 were excluded due
to inadequate follow-up time and/or absence of documented
allergy status leaving 800 of them for inclusion in the study. In
total, this allowed for 927 patients to be included in the final
analysis. Two cohorts were formed based on the presence or
absence of a self-reported allergy: an allergy cohort (n=261)
and a control cohort (n = 666).

STATISTICAL ANALYSIS

In each cohort, patient demographics and treatment-
related characteristics were described. Continuous variables
were reported as means with ranges and standard deviation,
while categorical variables were reported as counts with percent-
ages. Chi-square or Fisher tests and t-tests were used to compare
categorical and continuous variables between the two cohorts,
respectively. Univariate logistic regression analysis (UVA) was
used to assess the association between various parameters and
the outcome of interest which in the present study was subse-
quent hip surgery. Covariates significant on UVA were included
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in a multivariable logistic regression analysis (MVA). All statisti-
cal analyses were performed using RStudio version 1.2.1335. All
P-values were reported with a level of significance of 0.05.

RESULTS

Basic demographic information is reported in Table I. The allergy
cohort had a significantly higher age [P < 0.001] and proportion
of females [P < 0.03]. The average number of allergies reported
per person in the allergy cohort was 2.4 £2.7.

Indications for hip arthroscopy as well as specific procedures
performed during hip arthroscopy are included in Table II. The
most common indication for hip arthroscopy in both the allergy
cohort and control cohort was a labral tear (96.9% versus 96.4%),
followed by cam-type FAI (87.1% versus 90.1%) and pincer-
type FAI (28.6% versus 31.8%). The most common intraoper-
ative procedure performed was a cam decompression in both
the allergy cohort and control cohort (89.7% versus 91.3%),
followed by a labral repair (84.4% versus 83.7%) and a rim
decompression (27.2% versus 31.1%). No significant difference
existed between cohorts with respect to preoperative diagnoses
and intraoperative procedures.

Data concerning revision surgery is reported in Table IIL
The average time to subsequent surgery in the allergy cohort
was 34.2months (£24.2 months) while the average time to
subsequent hip surgery in the control cohort was 35.6 months
(£29.6 months). The allergy cohort had a significantly larger
[P <0.001] percentage of patients undergoing subsequent hip
surgery (24.1%[63/261)) compared to the reoperation rate seen
in the control cohort (9.6% [64/666]). Of the 63 patients in
the allergy cohort who underwent subsequent hip surgery, 38
(60.3%) underwent revision hip arthroscopy, 14 (22.2%) under-
went total hip arthroplasty (THA), 6 (9.5%) underwent periac-
etabular osteotomy (PAO), 3 (4.8%) underwent hip resurfacing
and 2 (3.2%) underwent surgical hip dislocation (SHD). Of the
64 patients in the control cohort who underwent subsequent
hip surgery, 35 (54.7%) underwent revision hip arthroscopy, 15
(23.4%) underwent THA, 9 (14.1%) underwent hip resurfac-
ing, 4 (6.3%) underwent PAO and 1 (1.6%) underwent SHD.
No significant difference was seen between cohorts regarding the
type(s) of subsequent hip surgery.

Univariate (UVA) and multivariate (MVA) analyses are pre-
sented in Table IV. Variables included as parameters in the anal-
ysis include (i) age at surgery, (ii) sex, (iii) presence of allergy,
(iv) camulative effect of multiple allergies, (v) baseline PROM
score on mHHS, HOS-ADL, HOS-SS and iHOT-33, (vi) fail-
ure to achieve the MCID within 12 months of surgery on mHHS,
HOS-ADL, HOS-SS and iHOT-33, (vii) labral repair at the time
of arthroscopy, (viii) cam decompression at time of arthroscopy,
and (ix) rim decompression at time of arthroscopy. No signifi-
cant association was found on UVA with respect to sex, baseline
PROM score, cam decompression and rim decompression.

On UVA both allergy status and cumulative allergies were
found to be significant. The presence of an allergy increased
odds of subsequent surgery after hip arthroscopy by 2.99 [OR
(95% CI): 2.99 (2.04, 4.39); P <0.001] while for each addi-
tional allergy a patient reported their odds of subsequent surgery
increased 1.27 per allergy [OR (95% CI): 1.27 (1.15, 1.39);
P<0.001]. Other parameters that were significant on UVA
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Table I. Demographic info

Allergy cohort (n=261)

Control cohort (n = 666)

n (%) Mean + SD n (%) Mean + SD P-value
Age - 27.5+6.9 - 25.5+6.0 <0.001
Sex (female) 137 (52.50%) - 295 (44.30%) - 0.03
# of allergies - 244127 - - -
Side (left) 126 (48.30%) - 289 (43.40%) - 0.204

Table IL. Pre-operative diagnosis and intra-operative procedures

Allergy cohort  Control cohort
(n=261) (n= 666)
n (%) n (%) P-value
Preoperative diagnosis
Labral tear 217 (96.9%)  621(96.4%)  0.918
Cam impingement 195 (87.1%)  580(90.1%)  0.259
Pincer impingement 64 (28.6%) 205 (31.8%)  0.409
Intra-operative procedures
Labral repair 189 (84.4%) 539 (83.7%)  0.895
Cam decompression 201 (89.7%) 588 (91.3%)  0.569
Rim decompression 61 (27.2%) 207 (32.1%) 0.198

included age [OR (95% CI): 1.14 (1.11, 1.18); P < 0.001], fail-
ing to achieve the MCID by 12 months on mHHS [OR (95%
CI): 5.94 (3.07, 11.47); P <0.001], HOS-ADL [OR (95% CI):
475 (244, 9.23); P<0.001], HOS-SS [OR (95% CI): 3.36
(1.67, 6.76); P<0.001] and iHOT-33 [OR (95% CI): 2.81
(1.38,5.72); P=0.004]. Of note, the presence of a labral repair
at the time of arthroscopy was the only factor on UVA that
decreased the odds of subsequent hip surgery [OR (95% CI):
0.42 (0.24,0.72); P=0.002].

MVA was then completed with covariates that showed signifi-
cance on UVA. Both allergy status and cumulative allergies failed
to independently predict the risk of subsequent hip surgery after
hip arthroscopy in a significant manner. Other factors that were
also insignificant on the MVA included age, failing to achieve the
MCID on HOS-SS and iHOT-33 and a labral repair at the time of
surgery. The only two factors that significantly predicted the risk
of subsequent hip surgery was the failure to achieve the MCID
by 12 months on mHHS [OR (95% CI): 3.09 (1.15,8.32);

Table III. Additional surgeries

P =0.026] and failure to achieve the MCID by 12 months on
HOS-ADL [OR (95% CI): 3.18 (1.11,9.14); P=0.032].

DISCUSSION

The results of this study support our primary hypothesis that
patients with at least one self-reported allergy have signifi-
cantly higher rates of subsequent hip surgery after primary hip
arthroscopy with almost 25% of the allergy cohort undergoing
subsequent surgery versus less than 10% of the control cohort.
While the UVA did find that the presence of an allergy had a sig-
nificant association with revision risk and that for each allergy
a patient reported their odds of subsequent surgery increased
significantly, the MVA showed that allergy status was not an
independent prognosticator of revision surgery after primary hip
arthroscopy. Therefore, the results of the present study did not
support our secondary hypothesis.

The results of this study suggest that the relationship between
allergy status and surgical outcome is complex in nature with
allergy status having a significant association with revision
surgery on UVA but failing to significantly predict revision
risk after primary arthroscopy on MVA. In contrast, failure to
achieve the MCID on 2 of the 4 included PROMs (mHHS &
HOS-ADL) was significant on MVA as independent risk fac-
tors for revision surgery which is consistent with the results
of other investigations [26-29]. Given that patient-reported
allergies have been extensively documented to impact patient-
reported outcomes [14, 16-18], it is likely in the present study
that allergy status impacted achievement rates of the MCID
which itself is a strong parameter in predicting surgical out-
come after hip arthroscopy. The MVA provides nuance to the
results seen with the cohort analysis and UVA as the MVA reveals
that despite the allergy cohort’s larger reoperation rate, allergy

Allergy cohort (n=261)

Control cohort (n = 666)

n (%) Mean £+ SD n (%) Mean £+ SD P-value
Months to surgery 3421242 35.6+29.6 0.782
Total # of surgeries 63 (24.1%) 64 (9.6%) <0.001
Hip arthroscopy 38 (60.3%) 35 (54.7%)
THA® 14 (22.2%) 15 (23.4%)
Hip resurfacing 3(4.8%) 9 (14.1%) 0.431
PAQO® 6 (9.5%) 4(6.3%)
SHD* 2 (3.2%) 1(1.6%)

*Total hip arthroplasty (THA).
" Periacetabular osteotomy (PAO).
“Surgical hip dislocation (SHD).
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Univariate analysis

Multivariate analysis

Parameter OR 95% CI p Adj. OR 95% CI P
Age 1.14 1.11-1.18 <0.001 1.01 0.94-1.08 0.826
Sex* 0.75 0.52-1.09 0.135 - - -
Allergy 2.99 2.04-4.39 <0.001 2.11 0.75-5.95 0.158
Cumulative allergy 1.27 1.15-1.39 <0.001 0.92 0.65-1.30 0.625
Baseline PROM"
mHHS® 0.999 0.98-1.018 0.900 - - -
HOS-ADL! 0.997 0.983-1.012 0.723 - - -
HOS-SS°® 0.998 0.987-1.009 0.727 - - -
iHOT-33 1.000 0.985-1.016 0.992 - - -
Failure to achieve MCID® <12 months post-op
mHHS 5.94 3.07-11.47 <0.001 3.09 1.15-8.32 0.026
HOS-ADL 4.75 2.44-9.23 <0.001 3.18 1.11-9.14 0.032
HOS-SS 3.36 1.67-6.76 <0.001 0.88 0.30-2.60 0.815
iHOT-33 2.81 1.38-5.72 0.004 0.85 0.32-2.23 0.742
Intra-op procedures
Labral repair 0.42 0.24-0.72 0.002 0.70 0.07-6.93 0.759
Cam decompression 0.58 0.28-1.18 0.132 - - -
Rim decompression 0.94 0.55-1.59 0.805 - - -

*Calculated as risk of being male.

" Patient reported outcome measure (PROM).

“Modifed Harris Hip Score (mHHS).

4Hip Outcome Score—Activities of Daily Living (HOS-ADL).
*Hip Outcome Score— Sports specific (HOS-SS).

f33-item international Hip Outcome Tool (HOT-33).
8Minimal Clinically Important Difference.

status alone is not a significant risk factor for subsequent hip
surgery.

Ultimately, a reasonable conclusion that can be inferred from
the above findings is that allergy status should be considered
in the context of multiple patient-specific factors that influence
arthroscopic outcomes. Based on the results in this study, as
well as the results of prior investigations [14, 18], it is evi-
dent that allergy status is linked to arthroscopic outcome. How-
ever, this association is complex in nature and likely reflects the
impact of various psychosomatic factors on arthroscopic out-
comes. Studies have shown that self-reported allergies associate
with pre-existing psychiatric conditions and prognosticate risk
of developing mood and anxiety disorders in the future [16, 30].
This association may explain the results of the present study and
similar investigations because psychological factors can influ-
ence the postoperative course and compromised mental wellness
increases the likelihood of inferior patient-reported outcomes
[14, 18, 31, 32]. Further, preoperative mental health conditions
associated with reduced postoperative hip function and poor sur-
gical outcomes [15, 17, 33]. However, mental health well-being
and its relationship with allergy status were not analyzed in the
present study as it was outside of its original scope. As such, the
impact of mental health on the results found in this analysis can-
not be stated. Additional investigations are required to better
define the relationship between allergy status, mental health and
arthroscopic outcomes.

It is worthwhile to consider the reoperation rate in the
allergy cohort in this study along with the patient-reported out-
comes published in other investigations. Research has shown

considerable intra-group improvement from baseline PROM
scores and high achievement rates of the MCID in allergy
cohorts despite inferior results when compared to the outcomes
of a control group [10, 18]. Thus, a clinician should be cau-
tious when extrapolating data about mental health and/or allergy
status toward arthroscopic outcome given the notable improve-
ments many of these patients report from their baseline state.
Rather, an understanding of the association between allergies,
mental health and the arthroscopic outcome will strengthen the
physician-patient relationship and enable patient-centered care.
The strength of this study relates to the large sample size, the
use of objective outcome criteria in the form of subsequent sur-
gical intervention, and the robust statistical analysis that was
completed. To our knowledge, this is the first investigation into
subsequent surgery rates in patients with and without a reported
allergy who underwent hip arthroscopy for symptomatic FAL
This study has its limitations. Foremost, data utilized in the
present study were collected in a registry-based manner at a
single medical institution which limits the generalizability of
the results. Allergy status was ascertained retrospectively after
being documented at the time of presentation in an electronic
medical record. This presents a possible confounding variable
as prior studies have shown that allergies can sometimes be
recorded incorrectly or absently [14, 18]. Another limitation
was the discrepancy between cohorts regarding age and sex.
While this limitation was somewhat circumvented by includ-
ing both variables as parameters in the UVA and MVA, future
studies could improve upon our design. Additional confounding
variables include the absence of BMI data, radiographic results
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and physical exam findings. This information was not available
for all participants and therefore not included. Mental health
status was not included as it was not available for every subject
and ultimately outside this study’s scope. Nevertheless, an inves-
tigation into mental health wellbeing would have strengthened
this study and remains an area to explore in the future. Lastly,
this study did not explore the reason for revision hip surgery in
patients who underwent reoperation. The decision to undergo
subsequent surgery reflects multiple patient-specific clinical and
personal factors which could have differed between cohorts.

Despite these limitations, this study provides the first analysis
on the relationship between self-reported allergies and the rate
of subsequent surgical intervention following hip arthroscopy.
Future research in the form of prospective studies that control
for additional confounding variables will better determine the
nature of arthroscopic outcomes for patients with self-reported
allergies.

CONCLUSION

The results of this study support our primary hypothesis that
patients with at least one self-reported allergy have signifi-
cantly increased rates of subsequent hip surgery after index
hip arthroscopy. However, further analysis revealed that while
allergy status carries a significant association with reoperation
after primary hip arthroscopy, it fails to independently predict
revision risk. An understanding of this association will permit
patient-centered care and ultimately strengthen the physician—
patient relationship.
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