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a b s t r a c t

Background: To assess the relationship between rapidly destructive osteoarthritis (RDOA) of the hip and
intra-articular steroid injections.
Methods: Coding records from 2000 to 2013 were used to identify all subjects who had a fluoroscopy-
guided intra-articular hip injection to treat pain associated with primary osteoarthritis. Radiographic
measurements from preinjection and postinjection imaging were evaluated with Luquesne's classification
of RDOA to determine diagnosis (greater than 50% joint space narrowing or greater than 2mm of cartilage
loss in 1 year with no other forms of destructive arthropathy). Demographic information, health char-
acteristics, and number of injections were collected and analyzed as other potential explanatory variables.
Patient outcome assessed by need for total hip arthroplasty (THA) after injection was also recorded.
Results: One hundred twenty-nine injection events met the inclusion criteria in a total of 109 patients.
From this sample, 23 cases of RDOA were confirmed representing a 21% incidence of RDOA. Twenty-one
of the patients (91%) with RDOA had a THA at a median time of 10.2 months (interquartile range:
6.5-11.2) compared with 27 (31%) of those without RDOA at a median time of 24.9 months (interquartile
range: 15.3-65.3). Older patients, patients with more severe osteoarthritis, and patients who identified
themselves as white were more likely to have a diagnosis of RDOA (P ¼ .008; P ¼ .040; P ¼ .009,
respectively).
Conclusions: The potential for RDOA and faster progression to THA raises questions about the use of
intra-articular steroid injections for hip osteoarthritis and should be discussed with patients. Additional
studies are needed to define a true relationship.
© 2017 Published by Elsevier Inc. on behalf of The American Association of Hip and Knee Surgeons. This is
an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/

4.0/).
Introduction

Rapidly destructive osteoarthritis (RDOA) of the hip is a debili-
tating and rare condition that is not fully understood. It was first
mentioned in 1957 by Forestier [1]. Several reports soon followed,
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describing similar conditions with different nomenclature [2].
However, it was Lequesne who provided the most complete and
standardized definition of greater than 50% joint space narrowing
or greater than 2 mm of cartilage loss in 1 year with no other forms
of destructive arthropathy identified [3].

RDOA of the hip has classically been seen in elderly females with
a higher Kellgren and Lawrence (KL) [4] score at initial presentation
with a tendency for unilateral involvement [5,6]. However, the true
incidence is unknown and may be as high as 16% [7]. Several risk
factors leading to RDOA of the hip have been theorized including
osteopenia and/or osteoporosis [8,9], inversion of the acetabular
labrum [10,11], increased posterior pelvic tilt [12], idiopathic
chondrolysis [13], intra-articular deposition of hydroxylapatite or
pyrophosphate crystals [14-16], and intra-articular steroid
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injections [17-19]. RDOA of the hip initially presents with subjective
and radiographic findings of osteoarthritis [20]. However, the rapid
radiographic progression is also associated with severe femoral
head and acetabular destruction that may involve a more compli-
cated reconstructive procedure characterized by significant
acetabular bone loss, increased blood loss, longer operative times,
and the need for special implants [7].

The evidence supporting intra-articular steroid injections for
painful hip osteoarthritis is mixed. Intra-articular steroid injections
have been suggested as an effective and cost-saving treatment for
symptomatic management of hip osteoarthritis, no matter the
severity [21]. Deshmukh et al [22] found these steroid injections to
offer better pain relief in those with more advanced hip osteoar-
thritis. In contrast, however, McCabe et al [23] performed a
systematic review of the literature and concluded that
intra-articular steroid injections may produce short-term pain
relief and lead to a slight improvement in function; however, the
quality of evidence was poor.

Intra-articular steroids have previously been implicated with
chondrolysis and have also been postulated as a potential cause for
RDOA. With few reports in the literature, the purpose of this study
is to determine if there is a relationship between RDOA of the hip
and intra-articular steroid injections and to evaluate radiographic
changes in the hip joint after steroid injections.
Material and methods

This retrospective cohort trial was approved by the local insti-
tutional review board. Following institutional review board's
approval, the radiology department provided a comprehensive list
of all hip injections between the years of 2000 and 2013. This
resulted in 1953 events that were reviewed by the authors;
however, only 129 (6.6%) were hip injections that met our inclusion
criteria (Fig. 1). To be included in this study, patients required, at a
minimum, radiographs within 6 months before and 1 year after the
injection. Injections must have contained a steroid mixture and
been injected into the femoroacetabular joint for diagnostic and or
therapeutic purposes under fluoroscopic guidance. The active ste-
roid medication was 1 mL of triamcinolone with a concentration of
40 mg/mL. Those with a diagnosis of post-traumatic osteoarthritis,
inflammatory arthritis, osteonecrosis, who were undergoing
infection workup, and who received previous hip surgery
(including arthroscopy) were excluded from the group.
Figure 1. Flowchart for patient selection process.
The primary outcomes of this study were the diagnosis of RDOA
of the hip (Fig. 2a and b) and the occurrence of total hip arthro-
plasty (THA). RDOA of the hip was confirmed by progressive loss of
cartilage (greater than 2 mm or 50% joint space narrowing) over a
12-month period or less. The time (months) between first injection
and RDOA diagnosis and the time (months) between first injection
and THA were considered as a secondary outcome.

Demographic information and health characteristics, including
age at injection (years), sex (male, female), race (white, non-white),
and body mass index (BMI; kg/m2) were collected as potential
explanatory variables. The number of injections after the first was
included to determine if there was an additive effect.

Trained study personnel reviewed preinjection radiographs to
measure the lateral center edge angle (LCEA), KL score of osteoar-
thritis [4], and joint space in millimeters. LCEA was measured
according to Clohisy et al [24]. The KL score ranges from 0 to 4, with
higher scores indicating more severe osteoarthritis. The joint space
was measured at the narrowest aspect of the weight-bearing dome
(anywhere along the sourcil) in all cases for consistency. Post-
injection images were also analyzed for loss of joint space. Those
cases identified as having RDOA of the hip were reviewed by the
study personnel to ensure diagnosis consensus.

Statistical analysis

All study variables were summarized by means and standard
deviations or frequencies and proportions. Medians and inter-
quartile ranges were used to summarize the time from first injec-
tion to the diagnosis of RDOA (as defined as date of last image) as
measured by a KaplaneMeier survival curve. Simple logistic
regression models were used to assess the marginal relationship
between each of the demographic, injury, and health characteris-
tics with RDOA status and arthroplasty. RDOA of the hip diagnosis
was considered as a predictor of arthroplasty. Multivariable models
for each outcome were constructed with each explanatory variable
that had a corresponding P-value from the marginal models that
was <.25. Sensitivity analyses were performed using both the time
from first injection until diagnosis of RDOA and the time from first
injection until arthroplasty. A time-varying covariate method was
used to assess the proportional hazards assumption. The statistical
software SAS, version 9.4 (Cary, NC) was used for all statistical
methods.

Results

One hundred twenty-nine injection events met the inclusion
criteria in a total of 109 patients. Intra-articular injection compo-
sition and other summaries are reported in Tables 1 and 2. Overall,
23 patients (21%) had an RDOA diagnosis and 48 (44%) had a THA.
Twenty-one of the patients (91%) with RDOA had a THA and 27
(31%) of those without RDOA had a THA (Table 3). The median time
until THA can bee seen in Table 3.

The marginal relationships between each of the demographic,
injury, and health characteristics with RDOA status are reported in
the upper portion of Table 4. Older patients, patients with more
severe osteoarthritis (based on KL score), and patients who iden-
tified themselves as white were more likely to have a diagnosis of
RDOA (P ¼ .008; P ¼ .040; P ¼ .009, respectively). Gender was not
associated with an RDOA diagnosis, and no relationship was
observed between RDOA status and the occurrence of more than
one injection in the same joint, LCEA, and BMI. Similar results were
observed in the multivariable model. Self-identified race (white)
(odds ratio [OR] ¼ 6.24, 95% confidence interval (CI): 1.58-24.7),
patients with higher KL scores (OR ¼ 1.75, 95% CI: 1.04-2.93), and
age (OR ¼ 1.30, 95% CI: 1.02-1.65) had higher odds of an RDOA



Figure 2. (a) Sixty-year-old woman with left hip pain; (b) 1 month after receiving a left hip intra-articular steroid injection.
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diagnosis. The multivariate regression model had adequate fit
(P ¼ .624) and had a c-statistic of 0.806.

In the marginal models predicting THA, only RDOA status, race,
and KL score were significant (P < .001; P ¼ .031; P < .001,
respectively) (lower portion of Table 4). Those with an RDOA
diagnosis, self-identified as white, and had more severe osteoar-
thritis at first injection were more likely to have a THA. In the
adjustedmodel, thosewith an RDOA diagnosis (P< .001) andwith a
higher KL score (P < .001) were predictors of THA. Patients
diagnosedwith RDOA of the hip had 19.1 times higher odds (95% CI:
3.68-99.3) than those without a RDOA of the hip diagnosis of
eventually having a THA, while 1 unit increases in the KL scorewere
related to a 2.48 (95% CI: 1.64-3.75) times higher odds of having a
THA. No other variables were significantly related to THA. The
model had adequate fit (P ¼ .509) and had a c-statistic of 0.872.
Discussion

RDOA of the hip is a phenomenon that is not well understood. It
is a debilitating condition that results in rapid destruction of the
femoroacetabular joint, leading to pain and decline in function,
ultimately resulting in THA. First described in 1957 [1], this
Table 1
Intra-articular injection composition for the entire study group and for those
diagnosed with RDOA.

Injection for entire study groupa Number of
injections
(n ¼ 129)

Percentage of total
injections (%)

40-mg triamcinolone acetonide/4 mL
1% Lidocaine

93 72.1

40-mg triamcinolone acetonide/4 mL
0.25% bupivacaine

25 19.4

40-mg triamcinolone acetonide/2 mL
0.25% bupivacaine

3 2.3

40-mg triamcinolone acetonide/4 mL
0.2% ropivacaine

4 3.1

Other 4 3.1

Injection for RDOA groupa Number of
injections
(n ¼ 27)

Percentage of total
injections (%)

40-mg triamcinolone acetonide/4 mL
1% Lidocaine

21 77.8

40-mg triamcinolone acetonide/4 mL
0.25% bupivacaine

5 18.5

40-mg triamcinolone acetonide/2 mL
0.25% bupivacaine

1 3.7

a All injections were without epinephrine.
condition is usually diagnosed when there is greater than 50% joint
space narrowing or greater than 2 mm of cartilage loss in 1 year
with no other forms of destructive arthropathy identified [3]. With
many proposed etiologies, it has been classically seen as a unilateral
condition in elderly females with a higher KL score at presentation
[5,6]. In 2013, Pivec et al [20] noted only 20 published reports in the
literature. Furthermore, no publications have completely eluci-
dated the etiology of RDOA nor have they demonstrated successful
nonarthroplasty management options [7,20,25-27].

The results of our data set suggest that 21% of patients who
have an intra-articular steroid hip injection develop RDOA of the
hip (Fig. 2). Whether this is causal or coincidental is not clear;
however, in most cases the intra-articular injection did not pro-
long the time to arthroplasty. We found that older patients who
had a higher KL score at presentation and who identified them-
selves as white were more likely to be diagnosed. In essence, as
age and KL score increase, the likelihood of RDOA of the hip after
intra-articular steroid injection increases. Our data showed no
association with male or female sex, which is contradictory to
previous data [5,6]. Multiple injections, LCEA, and BMI appeared to
have no relationship with diagnosis of RDOA of the hip. We found
that patients diagnosed with RDOA of the hip had almost 20 times
higher odds of having THA than those without an RDOA of the hip
diagnosis, which intuitively makes sense as the arthritic process
progressed significantly. Using THA as a proxy for effectiveness of
injections, 44% of patients ended up with a THA within our study
period. The median time until THA was shorter in RDOA of the hip
patients at 10.2 months than in those without RDOA of the hip at
24.9 months.

The efficacy of intra-articular steroid injections is not clear.
However, previous studies have showed that the pain relief is
greater with more severe arthritis [22]. Our study shows that with
Table 2
Summary statistics for each explanatory variable.

Characteristic Level Summary

Sex Male 29 (27%)
Female 80 (73%)

Race White 67 (61%)
Non-white 42 (39%)

Extra injection Yes 16 (15%)
No 93 (85%)

KL score 2.2 (1.1)
Age 53.9 (13.5)
LCEA 31.6 (8.6)
BMI 30.1 (7.9)

Summaries are means (standard deviations) or frequencies and percentages.



Table 3
RDOA of the hip and THA in those patients who received an intra-articular steroid
injection.

RDOA No RDOA

Patient diagnoses 21% (23/109) 79% (86/109)
Progression to THA 91% (21/23) 31% (27/86)
Median time to THA 10.2 mo (IQR: 6.5-11.2) 24.9 mo (IQR: 15.3-65.3)

IQR, interquartile range.
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severe disease, many progressed quickly to THA and therefore, the
benefit of an intra-articular steroid injection should be called into
question. Furthermore, a recent randomized clinical trial showed
that intra-articular knee injections of triamcinolone led to signifi-
cantly greater cartilage loss than its saline control, with no change
in pain improvement or patient-reported outcomes [28].

There are few reports in the literature suggesting a linkage
between intra-articular steroid injection and RDOA. Laroche et al
[18] presented 2 cases where osteonecrosis of the femoral head
developed after multiple intra-articular injections of triamcinolone
acetonide. However, the intra-articular injections were provided to
other major joints and not the femoroacetabular joint, suggesting a
possible mechanism of cortisol excess from long-acting cortico-
steroids. McCarty et al [19] describe the case of a 67-year-old white
woman, who had received a total of 120 mg of triamcinolone
hexacetonide to each knee over a 4-month period, subsequently
developed osteonecrosis of her distal femur and proximal tibia.
Yamamoto et al [17] describe a case of a 50-year-old womanwith a
BMI of 29.4 kg/m2 and minimal hip osteoarthritis, who had rapid
collapse of her femoral head within 3 months after a single intra-
articular steroid injection. The injection consisted of Depo-Medrol
(methylprednisolone acetate 80 mg) and Sensorcaine (0.5%) at an
unknown amount. Interestingly, this patient was also described to
have osteopenia at the time of injection.

Villoutreix et al [27] evaluated the role of intra-articular steroids
in 24 patients who already had a diagnosis of RDOA in 28 hips.
These patients were provided intra-articular steroid injections with
or without weight-bearing restrictions to evaluate the effect on
timing of THA. They found that intra-articular steroid injections
with or without weight-bearing restrictions did not change the
need for THA and furthermore, intra-articular steroid injections
did not accelerate the course of hip destruction. Therefore, a
Table 4
Results from the unadjusted and adjusted logistic regression models predicting the pres

Characteristic Comparison Unadjusted

OR (95% CI)

RDOA diagnosis
Sex Male e Female 2.12 (0.80-5.63
Race White e Non-white 5.53 (1.53-20.0
Extra injection Yes e No 1.30 (0.38-4.48
KL score (1 unit increase) 1.58 (1.02-2.43
Age (5 y increase) 1.37 (1.10-1.72
LCEA (1 unit increase) 0.97 (0.92-1.03
BMI (1 unit increase) 0.98 (0.92-1.04

Arthroplasty
RPOA Yes e No 22.9 (2.02-105
Sex Male e Female 1.26 (0.54-2.96
Race White e Non-white 2.44 (1.08-5.49
Extra injection Yes e No 1.78 (0.61-5.19
KL score (1 unit increase) 2.48 (1.64-3.75
Age (5 y increase) 1.09 (0.94-1.26
LCEA (1 unit increase) 0.98 (0.94-1.03
BMI (1 unit increase) 1.00 (0.95-1.05

OR, odds ratio.
All variables with P < .25 in the unadjusted models were included in the adjusted mode
relationship between intra-articular steroid injections into the
femoroacetabular joint and RDOA is not clear.

A recent case series by Hart and Fehring [29] discussed the
clinical implication that RDOA can be confused with septic arthritis.
Intraoperatively, they found that there can be a fluid that mimics
infection and propose an algorithm for diagnosis that includes
preoperative erythrocyte sedimentation rate and C-reactive protein
and if elevated a hip aspirate to rule out infection and avoid un-
necessary two-stage procedures. Fully understanding the risk fac-
tors and inciting events for RDOA will hopefully help differentiate
between infectious cases of rapid joint destruction.

At our institution, the total hospital and professional charges are
approximately $3108.00 for a single fluoroscopy-guided intra-
articular hip steroid injection. In addition, if a patient develops
RDOA of the hip, we know they require THA at an earlier interval
compared with those who do not develop RDOA of the hip. This is
concerning, given the current state of health care in regard to cost
containment and value-based health care. If patients at risk for
RDOA of the hip are being provided intra-articular steroid
injections into the femoroacetabular joint, the cost-benefit ratio
may not be justified.

This study has several limitations. First, while our data suggest
an incidence of RDOA of the hip of 21%, our sample size was small
and may not be generalizable. Our population was from a single
institution; therefore, the incidence is for 1 particular clinic and
should not be interpreted as a population incidence. Second, the
retrospective nature of this study leads to including a small fraction
of the original data set. Out of the 1953 injection events available
for review, only 129 injection events (6.6%) met the inclusion
criteria. Four hundred sixty events were excluded because of a
diagnosis of osteonecrosis, post-traumatic arthritis, or were
mislabeled (the injection was to a different part of the body). One
hundred two patients were excluded due to a lack of postinjection
imaging before undergoing THA. A majority of the exclusions,
however, were due to having either inadequate images or having
inaccessible images. Requests were made to unarchive missing
images; however, only a small portion of these could be uploaded
back onto the image-viewing system. This is a potential source of
selection bias for patients with severe symptomatology who might
obtain more frequent imaging. Third, the subjective element of
radiographic measurements inherently creates potential for error.
While measurement technique was standardized, the reliability of
ence of RDOA and arthroplasty.

Adjusted

P OR (95% CI) P

) .131 2.64 (0.85-8.23) .095
) .009 6.24 (1.58-24.7) .009
) .680 - -
) .040 1.75 (1.04-2.93) .035
) .008 1.30 (1.02-1.65) .034
) .345 - -
) .548 - -

) <.001 19.1 (3.68-99.3) <.001
) .592 - -
) .031 2.15 (0.76-6.03) .148
) .291 - -
) <.001 2.60 (1.61-4.19) <.001
) .234 0.89 (0.73-1.08) .242
) .441 - -
) .925 - -

ls. Values in bold are statistically significant at a P-value of <.05.
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these measurements depends on the accuracy of the radiographic
images. These measurements could be affected by multiple
variables including rotation, distance to imaging source, and
magnification. Finally, the retrospective nature of this study did not
allow for either a control group or randomization of patients. The
radiographic progression of joint space loss could represent the
natural evolution of the more traditional arthritic process and
might not be truly the disease process known as “RDOA”. The
choice of steroid and anesthetic were not standardized, so any
relationship between RDOA of the hip and injection composition is
difficult to truly identify. Future prospective randomized controlled
studies are needed to show causation and to help control for bias.
Conclusions

Despite the limitations of this study, a 21% incidence of RDOA of
the hip in patients receiving intra-articular steroid injectionsmerits
several considerations. Patients contemplating intra-articular ste-
roid injections into the hip should be educated about the possibility
of RDOA of the hip or progression of preexisting arthritic process,
especially those who are elderly or have higher preinjection KL
scores. Finally, given the relatively high progression to THAwithin 1
year, the cost-effectiveness and safety of this treatment needs
scrutiny.
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