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Introduction: Hip aspirations are commonly performed for diagnostic purposes using either fluoroscopic or ul-
trasound guidance. The superiority of one type of image guidance over another for aspiration of a native or
replaced hip remains a matter of debate. The questions to be evaluated in this study include 1) to determine if hip
aspiration using fluoroscopy or ultrasound guidance more often obtains fluid from native and post-arthroplasty
hip joints, and 2) to identify patient-related factors associated with the ability to obtain fluid.

Material and methods: A retrospective analysis of all hip aspirations (433) performed at a single institution was
undertaken, with the primary outcome variable being successful attainment of joint fluid. Age, body mass index
(BMI), sex, presence of a trainee, presence of an arthroplasty at the time of aspiration on the affected side,
amount of fluid collected, and type of image guidance were used as independent variables in regression models.
Results: 1) The likelihood of obtaining fluid was approximately 2.1 times greater with ultrasound guidance than
fluoroscopy guidance (95% CI = 1.382, 3.117; p < 0.001). 2) Ultrasound guidance and lower BMI were inde-
pendently associated with a significantly higher likelihood of obtaining fluid. Additionally, one unit decrease in
BMI was associated with about a 3% increase in the odds of obtaining fluid (95% CI = 0.950, 0.998; p = 0.033).
Conclusion: This study demonstrates that the use of ultrasound guidance for hip joint aspiration, when compared
to fluoroscopic guidance, is more likely to result in a successful aspiration and the acquisition of a greater volume
of fluid. Therefore, ultrasound guidance is the preferred method for hip aspiration in both native and replaced
hips.

1. Introduction

Hip joint aspirations provide key diagnostic value across a wide
variety of suspected diagnoses and are commonly used to evaluate for
infection. Successful joint aspiration is helpful in both diagnosis and
treatment as it can support a diagnosis of infectious etiology and identify
causative pathogens. This procedure is commonly performed in patients
with suspected infection before or after hip arthroplasty.l’2 In the past,
aspirations have predominantly been performed by using anatomic
landmarks or fluoroscopic guidance.® Ultrasound-guided aspiration is

gaining popularity due to its accuracy and increased patient safety
related to the absence of ionizing radiation and iodinated contrast
agents."

Multiple studies have been performed in the past independently
evaluating the value of fluoroscopy, ultrasound, and computed tomog-
raphy (CT) imaging modalities for hip aspirations.”"> However, there
have not been any studies to date specifically evaluating the success
rates of obtaining joint fluid in hip joint aspirations with fluoroscopic
versus ultrasound guidance.

The main objective of this study was to identify which type of image
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guidance technique (fluoroscopy or ultrasound) more often results in the
acquisition of fluid from native and post-arthroplasty hip joints for
analysis. It was hypothesized that ultrasound guidance would more
commonly obtain joint fluid than fluoroscopy given its ability to visu-
alize soft tissue structures and areas of fluid. The secondary aim was to
identify potential factors which are predictive of obtaining hip joint
fluid, namely age, body mass index (BMI), and presence of an
arthroplasty.

2. Material and methods

This study was approved by the primary institution’s internal review
board (IRB #00071733) as an exempt study given the retrospective,
anonymous nature of the review; no informed consent was required. A
retrospective review of all hip joint aspirations performed at a single
academic institution was performed. All were referred for hip joint as-
pirations, with most being for the purposes of ruling out infection. They
were performed at an outpatient orthopaedic clinic by physicians with
fellowship training in musculoskeletal radiology, sports medicine, or
pain medicine. All aspirations were performed between May 2014 and
February 2021 by a total of 29 different attending physicians. All pro-
cedures were performed with either fluoroscopic or ultrasound guidance
and only intra-articular aspirations were included (i.e. extra-articular
fluid collections were excluded from analysis). The modality of imag-
ing was determined by the treating physician. The demographics of the
study group patients are shown in Table 1.

The choice of image guidance technique for aspiration was based
predominantly on provider preference. Aspiration was attempted in all
cases, even if fluid was not visualized by prior imaging or ultrasound.
The aspiration needle was directed, under selected imaging, into an
intracapsular location in all cases. Fluid was collected in syringes
ranging from 10 to 50 mL, at the physician’s discretion for all aspira-
tions. The amount of fluid was recorded by the physician based on the
amount aspirated into the syringe. Ultrasound procedures were more
common at later dates (point biserial correlation coefficient 0.260, p <
0.001), but date of procedure had no effect on the final regression model
(full model explained below). Each of the performing physicians re-
ported whether or not fluid was obtained, the volume of fluid, and the
appearance of the fluid. If a patient had missing information about the
primary outcome variable, whether fluid was obtained, they were
excluded. It was decided a priori to data collection that other missing
data points would be deleted pairwise or analysis-by-analysis; in other

Table 1
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words, physicians’ data would be excluded only from the analyses
involving a particular variable for which they had missing data.

2.1. Fluoroscopic aspirations

Fluoroscopic guided aspirations were all performed with the patient
in a supine position using an anterolateral approach, aiming for the
anterolateral aspect of the femoral head. Local anesthetic was first
administered, with the goal of avoiding intra-articular administration of
the anesthetic solution. If fluid was obtained immediately, then no
contrast material was injected. Multiple attempts were undertaken to
obtain fluid; if blood was aspirated, the needle was repositioned. Intra-
articular contrast (air or iodinated contrast agent) was occasionally used
to verify position after an unsuccessful attempt. In a number of cases
(21), a saline flush was injected after unsuccessful aspiration, but these
results were deemed unsuccessful attempts, as subsequent aspirations
did not provide accurate cell counts.

2.2. Ultrasound aspirations

Most ultrasound-guided aspirations were performed from the ante-
rior aspect of the supine patient. These were generally performed in-
plane with a 5-MHz curvilinear probe (which allowed for better visu-
alization at larger depths), though sonographers were free to use a 15-
MHz linear probe if desired. Local anesthetic was first administered
under ultrasound guidance. Similarly, if initial attempts were unsuc-
cessful, the needle was repositioned, and additional attempts were
performed. If only a small amount of blood was obtained, it was
considered unsuccessful and additional passes were performed.

The primary outcome variable was successful attainment of hip joint
fluid (dichotomous variable), defined as withdrawal of more than 0.1
mL of joint fluid. If a similarly small amount of blood was obtained, this
was not deemed to be successful attainment of joint fluid, as this was
more likely to be the result of a traumatic aspiration and not synovial
fluid. Age, body mass index (BMI), sex, presence of a trainee (defined as
a medical student, resident, or fellow who participated in or directly
observed the procedure), presence of an arthroplasty at the time of
aspiration on the affected side, amount of fluid collected (if any), and
type of image guidance were collected. Data collection was performed
and stored in a de-identified database to be analyzed by a separate
blinded statistician to reduce any potential bias from either the data or
data collection methods.

Demographic data for subjects included in the study, n = 433. BMI = body mass index. Fluoro = Fluoroscopy. SD = standard deviation. US = ultrasound. *From

independent t-test.

All Fluoro us p value
n % mean SD n/mean %/SD n/mean %/SD
Age 60.5 14.1 61.6 14.3 59.4 13.8 0.111%
BMI 31.0 8.2 31.7 8.9 30.3 7.5 0.082°
Sex M 193 44.6% 97 46.0% 96 43.2% 0.568"
F 240 55.4% 114 54.0% 126 56.8%
Trainee present Yes 248 57.3% 129 63.6% 119 54.6% 0.062"
No 173 40.0% 74 36.4% 99 45.4%
Missing 12 2.7%
Specialty Sports medicine 318 73.4% 98 46.5% 220 99.1% <0.001°
Radiology 112 26.1% 112 55.1% 1 0.45%
Pain medicine 2 0.46% 1 0,47% 1 0.45%
Fluid appearance Blood 27 6.2% 9 7.5% 18 12.1% 0.002"
Blood-tinged joint fluid 108 24.9% 48 40.0% 60 40.3%
Hazy/cloudy 36 8.3% 8 6.7% 28 18.8%
Purulent 14 3.2% 5 4.2% 9 6.0%
Transparent 84 19.4% 50 41.7% 34 22.8%
Arthroplasty Yes 300 69.3% 159 75.4% 141 63.5% 0.008"
No 133 30.7% 52 24.6% 81 36.5%
Image guidance Fluoroscopy 211 48.7%
Ultrasound 222 51.3%

> From ;(2 test.
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3. Theory/calculation

Statistical analysis was performed by Stata v17.0 (StataCorp, College
Station, TX). Descriptive statistics were reported as mean (standard
deviation [SD]) for continuous variables and n (%) for categorical var-
iables. Comparisons between patients undergoing fluoroscopic- and
ultrasound-guided aspirations were performed with independent t-tests
(or Wilcoxon-Mann-Whitney rank-sum tests in case parametric as-
sumptions were not met) for continuous variables, and ;{2 tests (there
was no cell with an expected frequency smaller than 5) for categorical
variables. A logistic regression model was used to identify predictors
pertaining to the primary outcome variable, obtaining fluid (dichoto-
mous variable), with the following independent variables: image guid-
ance technique (fluoroscopy vs. ultrasound), presence of a trainee, sex,
age, BMI, and presence of an arthroplasty on the affected hip. Linear
regression analysis, utilizing the same aforementioned independent
variables, was carried out to identify differences in the amount of fluid
obtained from the aspirations. Preliminary examination revealed that
the outcome variable in the linear regression model, amount of fluid
obtained, was positively skewed. Hence, the model was built, using the
robust or sandwich estimator of variance.®’ In both logistic and linear
regression models, the interaction between fluoroscopy/ultrasound
guidance and BMI was first entered in the model. If the interaction term
was not significant, the final model was built without it.

4. Results

Three hundred attempted aspirations were in patients status-post hip
arthroplasty, and 133 were in native hips. Demographic and aspiration
information is described in detail in Table 1, with comparisons of pa-
tients undergoing aspiration by fluoroscopy or ultrasound. The only
significant differences between the groups were specialty (p < 0.001),
the presence of an arthroplasty (more common in the fluoroscopy group,
p = 0.008) and the appearance of fluid (p = 0.002). When comparing
fluoroscopy outcomes between radiologists and sports medicine trained
physicians, both equally often obtained fluid (50.9% vs. 48.0%,
respectively, p = 0.671). Fig. 1 displays the percentage of patients in
whom fluid was obtained based on imaging modality, including all pa-
tients. The Wilcoxon-Mann-Whitney rank-sum test showed that a
significantly greater volume of fluid was obtained with ultrasound
guidance than with fluoroscopic guidance (10.8 &+ 17.5 mL vs. 5.9 +
14.9 mL; p < 0.001; Fig. 2).

The results of the logistic regression analysis are described fully in
Table 2. The interaction between fluoroscopic/ultrasound guidance and
BMI was not significant (p = 0.982). Consequently, the final model was
built without the interaction term. The results showed that ultrasound
guidance and lower BMI was significantly associated with a higher

70.0% 66.2%

60.0%
49.3%

50.0%

40.0%

30.0%

20.0%

10.0%

Percentage of patients

0.0%

Fluoroscopy Ultrasound

0O Did not obtain fluid M Obtained fluid

Fig. 1. Percentage of aspirations yielding fluid (n = 433 patients, 211 with
fluoroscopic guidance and 222 with ultrasound).

268

Journal of Orthopaedics 34 (2022) 266-270

likelihood of obtaining fluid, after adjusting for sex, age, trainee present,
and arthroplasty (p < 0.05). The odds of obtaining fluid with ultrasound
guidance was about 2.1 times greater than the odds for fluoroscopy
guidance (OR = 2.075, 95% CI = 1.382, 3.117; p < 0.001). Furthermore,
one unit decrease in BMI was associated with about a 3% increase in the
odds of obtaining fluid (OR = 0.973, 95% CI = 0.950, 0.998; p = 0.033).
It should be noted, however, that OR and its 95% CI were fairly close to
1.00, indicating the minimum effect of BMI. The linear regression model
with the robust or sandwich estimator of variance, after excluding the
nonsignificant interaction term between fluoroscopic/ultrasound guid-
ance and BMI (p = 0.691), showed that ultrasound guidance and
arthroplasty were significantly associated with larger amount of fluid
aspirated (p < 0.05). Specifically, ultrasound guidance resulted in about
5.0 mL more fluid being aspirated than fluoroscopic guidance (f =
5.030; 95% CI = 1.051, 9.008; p = 0.013). In addition, history of
arthroplasty was associated with about 3.7 mL more fluid being aspi-
rated (f = 3.667; 95% CI = 0.412, 6.922; p = 0.027).

5. Discussion

Most of the prior literature on this topic has been on hip injections
and not aspirations. The literature is contradictory in regards to which
imaging modality is more commonly used.®° The accuracy when using
ultrasound for injections and aspirations ranges from 97 to 100%,'%!!
while fluoroscopy is often used as the “gold standard” for ultrasound
accuracy studies.'’ Both imaging modalities have been shown to have
similar accuracy when performed for contrast injection.'? Prior litera-
ture has also demonstrated that ultrasound is a superior method for
pre-operative identification of periprosthetic hip infection, both in terms
of sensitivity/specificity®'® and cost.'® Ultrasound has also been found
to be an effective method for the identification of native hip septic
arthritis.'* Although there is evidence to support the use of ultrasound to
detect fluid about the hip, no study to date has examined its value in
performing a successful aspiration.

There were 433 subjects within this study, providing a large sample
size and adequate power. However, there were several limitations.
Importantly, any retrospective study lends itself to the related biases.
The potential for selection bias is a significant limitation as the involved
physicians may have preferentially used one imaging modality over the
other for undetermined reasons or personal expertise with a specific
imaging modality. All charts reviewed were drawn from a single aca-
demic institution’s outpatient orthopedic clinic, limiting its generaliz-
ability; however, 29 physicians were included. The aspirations were all
performed on adults and therefore the findings of our study may not be
applicable to the pediatric population. In addition, each of the aspira-
tions examined were performed by physicians with a variety of fellow-
ship training, including musculoskeletal radiology, sports medicine, and
pain medicine. This variation in training could represent differences in
each physician’s ability to successfully utilize ultrasound or fluoroscopy
for hip joint aspiration. The choice of fluoroscopy or ultrasound guid-
ance was not truly random and could create a bias that would only be
overcome by a randomized prospective trial. Lastly, inherent to any
retrospective, observational study, there were potential unobserved
covariates that could have influenced the study results but were unable
to be included in our statistical models, although we did our best to
include important covariates in the models. With the limitations
inherent in a retrospective study, the findings of our study should be
confirmed with a randomized, controlled trial.

Our study demonstrates that ultrasound-guided aspirations more
commonly obtain fluid (approximately twice the odds), and when suc-
cessful, result in the acquisition of a greater volume of fluid (about 5
additional mL on average). This is likely due to the ability of ultrasound
to visualize the targeted fluid (Fig. 3 shows an example of a large hip
effusion, visualized with ultrasound), which cannot be seen using fluo-
roscopy. Furthermore, it is not uncommon for periprosthetic infections
to extend beyond the confines of the intracapsular space, which can be
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Fig. 2. Two examples of aspirations under fluoroscopic guidance — the left half demonstrates a hip with prior arthroplasty, while the right represents a native hip.
The needles can be visualized in both pictures on the lateral aspect of the femoral head/neck.

Table 2

Logistic regression analysis, examining the primary outcome variable, attain-
ment of fluid with hip aspiration (yes/no). BMI = body mass index. CI = con-
fidence interval. OR = odds ratio.

OR 95% CI P
Ultrasound guidance 2.075 1.382, 3.117 <0.001
Trainee present 1.215 0.810, 1.824 0.347
Female sex 1.086 0.726, 1.624 0.690
Age 1.003 0.989, 1.018 0.644
BMI 0.973 0.950, 0.998 0.033
History of arthroplasty 1.408 0.908, 2.182 0.127

Fluoroscopy

Ultrasound ‘

T T T T T T
20 30 40 50
Fluid amount (mL)

Fig. 3. Amount of fluid aspirated from hip joints, based on image guidance
technique, n = 433. Outliers are not included. NOTE: OK to be in greyscale.

readily visualized by ultrasound, but not fluoroscopy. Interestingly, the
presence or absence of arthroplasty had no effect on the likelihood of a
successful aspiration. This study did not examine other factors related to
hip type or morphology such as the presence of dysplasia, presence of
avascular necrosis, type of arthroplasty, cam/pincer deformities, or
other differences (see Fig. 4).

This study found that increased BMI was an independent risk factor
in reducing the likelihood of successful aspiration, whereas age, sex, and
prior arthroplasty did not show any association. Increased BMI has also
been demonstrated to increase radiation dosage received during
fluoroscopic-guided injections.'® Possible explanations for the effect of
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Left Anterior HIP

Right

HIP

Fig. 4. Ultrasound images of large hip effusions in two post-arthroplasty pa-
tients. The left aspect is superomedial on both images. The arrows depict the
femoral component of the hip arthroplasty, while the ars outline the superficial
aspect of the synovium holding the effusion. On the bottom image, the dots
represent the trajectory of the needle with the needle tip visible within the
fluid collection.

BMI include the increased tissue depth, which increases sonographic
attenuation and diminishes visualization of the hip joint and needle tip.
Additionally, the needle length is often increased for those with larger
BMIs. Needle length has direct implication on the ease of aspiration with
shorter needles requiring less pressure to aspirate than longer needles of
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the same gauge.
6. Conclusions

In conclusion, the questions to be evaluated in this study included 1)
to determine if hip aspiration using fluoroscopy or ultrasound guidance
more often obtains fluid from native and post-arthroplasty hip joints,
and 2) to identify patient-related factors associated with the ability to
obtain fluid. The results demonstrate a statistically-significantly
increased likelihood of obtaining fluid with ultrasound guidance when
compared to fluoroscopic guidance. Additionally, it revealed that
significantly more fluid was aspirated with ultrasound guidance in
comparison to fluoroscopic guidance. This study found that increased
BMI was an independent risk factor in reducing the likelihood of suc-
cessful aspiration, whereas age, sex, and prior arthroplasty did not show
any association. Given the known cost savings®'® and absence of radi-
ation exposure with ultrasound,'® it would appear to be the preferred
method for performing hip joint aspirations.
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