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Abstract We hypothesized that constant compression of the
knee would mobilize residual synovial fluid and promote suc-
cessful arthrocentesis. Two hundred and ten knees with grade
II–III osteoarthritis were included in this paired design study:
(1) conventional arthrocentesis was performed with manual
compression and success and volume (milliliters) determined;
and (2) the intra-articular needle was left in place, and a cir-
cumferential elastomeric brace was tightened on the knee to
provide constant compression. Arthrocentesis was attempted
again and additional fluid volume was determined. Diagnostic
procedural cost-effectiveness was determined using 2017 US
Medicare costs. No serious adverse events were noted in 210
subjects. In the 158 noneffusive (dry) knees, sufficient syno-
vial fluid for diagnostic purposes (≥ 2 ml) was obtained in
5.0% (8/158) without compression and 22.8% (36/158) with

compression (p = 0.0001, z for 95% CI = 1.96), and the abso-
lute volume of arthrocentesis fluid obtained without compres-
sion was 0.28 ± 0.79 versus 1.10 ± 1.81 ml with compression
(293% increase, p = 0.0001). In the 52 effusive knees, diag-
nostic synovial fluid (≥ 2 ml) was obtained in 75% (39/52)
without compression and 100% (52/52) with compression
(p = 0.0001, z for 95% CI = 1.96), and the absolute volume
of arthrocentesis without compression was 14.7 ± 13.8 versus
25.3 ± 15.5 ml with compression (72.1% increase,
p = 0.0002). Diagnostic procedural cost-effectiveness was
$655/sample without compression and $387/sample with
compression. The new technique of constant compression
via circumferential mechanical compression mobilizes resid-
ual synovial fluid beyond manual compression improving the
success, cost-effectiveness, and yield of diagnostic and
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therapeutic arthrocentesis in both the effusive and noneffusive
knee.

Keywords Arthrocentesis . Injections . Intra-articular .

Knee . Quality

Introduction

Arthrocentesis is essential for the diagnosis of inflammatory
and septic arthritis and is the basic procedure for intra-articular
therapy, including therapeutic arthrocentesis, needle lavage,
and intra-articular injection [1–5]. Complete arthrocentesis
before injection of corticosteroid or hyaluronan confirms the
diagnosis, reduces the possibility of superimposed infection,
reduces patient pain, verifies the true intra-articular position-
ing of the needle tip, and improves the response to the injected
drug [5–11]. Other than the introduction of ultrasound guid-
ance and recent research into the most accurate needle ap-
proach to access a knee effusion, there have been few ad-
vances in the basic technique of arthrocentesis since the
1950s [1–25].

As a quality improvement process within the Division of
Rheumatology, we introduced a constant compression proce-
dure during arthrocentesis of the knee to mobilize residual
synovial fluid and remove the operator’s hands from potential
needlestick, and determined how this modified procedure in-
fluenced quality measures, including pain, safety, serious ad-
verse events, aspiration success, fluid volume, and diagnostic
procedural cost-effectiveness.

Materials and methods

This quality improvement program and data analysis formal-
ized in the Division of Rheumatology, Department of Internal
Medicine, University of New Mexico Health Science Center
was approved by the institutional review board (IRB) and was
in compliance with the Helsinki Declaration and subsequent
revisions. This project assessed quality improvement of knee
arthrocentesis in terms of overall success, outcome, and qual-
ity among individual patients who underwent arthrocentesis
with and without constant compression applied by a compres-
sive brace intended to remove the operator’s hands from the
operative field and prevent potential needlestick, yet still pro-
vide robust compression of the knee during arthrocentesis and
injection procedures [26]. The quality intervention was de-
signed as a paired study in the same knee: that is, first con-
ventional arthrocentesis was performed in an individual knee
and quality and outcome measures were obtained, then imme-
diately after conventional arthrocentesis, constant compres-
sion was applied to the same knee in the same individual,
and quality measures were obtained once again. Two hundred

and ten consecutive knees with grade II–III osteoarthritis were
included in this study. Inclusion criteria for the quality pro-
gram for arthrocentesis and joint injection included (1) painful
symptomatic knee osteoarthritis with the patient requesting a
knee arthrocentesis and injection, (2) indications for
therapeutic-diagnostic arthrocentesis and/or injection, (3) in-
dication for corticosteroid injection, and (4) formal signed
consent of the patient to undergo the procedure. Prior to the
procedure, the presence or absence of clinical effusion was
confirmed by physical examination (manual palpation of a
distended suprapatellar bursa, ballottement of a Bfloating^ pa-
tella, and fluid shift with asymmetric compression), and the
knee was then classified as Beffusive^ (swollen) or
Bnoneffusive^ (dry). Thus, all subjects regardless of clinic
effusion received both arthrocentesis and injection.

Arthrocentesis and joint injection technique

In all cases, the skin was first cleaned with chlorhexidine for
antisepsis. Arthrocentesis was performed in a conventional
manner, using the standard lateral approaches that have been
shown to be superior to the medial approaches [12–15, 22, 24,
25]. The lateral portal was determined by palpation and
marked with ink. The one-needle multiple-syringe technique
was used where (1) one needle is placed for anesthesia,
arthrocentesis, and intra-articular injection; (2) a first syringe
or syringes are used to anesthetize the synovial membrane and
completely aspirate effusion employing syringe exchanges if
the effusion were large; and (3) a final syringe is used to inject
the intra-articular therapy, in this case, a corticosteroid. A 22-
gauge 2-in. needle (4710007050-22 GX2^ (0.7 × 50 mm),
FINE-JECT, Henke Sass Wolf, Kettenstrasse 1 D-78532
Tuttlingen, Germany) was mounted on a 3-ml syringe (3 ml
Luer Lok syringe, BD, 1 Becton Drive, Franklin Lakes, NJ
07417, website: http://www.bd.com) filled with 3 ml of 1%
lidocaine (Xylocaine® 1%, AstraZeneca Pharmaceuticals LP,
1800 Concord Pike, P.O. Box 15437,Wilmington, DE 19850-
5437). Three milliliters of lidocaine was used to first
anesthetize the skin, subcutaneous tissues, and synovial
membrane as the 22-g needle was introduced through the skin
into the lateral parapatellar recess of the suprapatellar bursa,
and if there were no synovial fluid return, the needle was
directed inferiorly under the patella into the patellofemoral
joint toward the intercondylar notch. The knee was then com-
pressed or Bmilked^ by the operator’s free hand and a fully
conventional arthrocentesis was performed [12–19]. After the
conventional arthrocentesis was performed and fluid yield
was recorded, the intra-articular needle was left in the joint,
and an elastomeric knee brace (YooSoo Adjustable Knee
brace, Shenzhen Shi Hai Xun Yun Wei Co., Ltd. No. 203,
69 Dong, Liyuan Xin Cun, Bantian Street, Longgang,
518000, Shenzhen, China, Amazon, https://www.amazon.
com) was placed on the knee and modified so that the lateral

2252 Clin Rheumatol (2018) 37:2251–2259

http://www.bd.com
https://www.amazon.com
https://www.amazon.com


suprapatellar bursa and patellofemoral joint could expand
with fluid expressed due to constant compression from the
brace on the medial and inferior knee (Fig. 1). The brace
was tightened so that the patient felt considerable pressure,
but the brace did not impede arterial flow in the leg. Placed
this way, the brace applies constant compression without the
use of human hands to the medial suprapatellar bursa and the
synovial compartments of the medial and lateral inferior knee,
collapsing these compartments, and forcing fluid to the lateral
suprapatellar bursa and the patellofemoral joint where fluid
could be accessed (Fig. 2). After the compressive brace was
placed, arthrocentesis was again attempted repetitively at time
0, 30 s, 1 min, and 3 min and additional fluid yield if any was
recorded. The syringe was then rotated off of the intra-
articular needle, the needle was left in place in its intra-
articular position, and a 3-ml syringe prefilled with 1 mg/kg
triamcinolone acetonide suspension (maximum 80 mg)
(Kenalog® 40, Westwood-Squibb Pharmaceuticals, Inc.
(Bristol-Myers Squibb), 345 Park Ave, New York, NY
10154-0004, USA) and the medication was injected. The nee-
dle was then extracted, and firm pressure applied to the punc-
ture site. To minimize potential procedural-related serious ad-
verse events, the patients were screened for anesthesia and
corticosteroid sensitivities before the procedure; the puncture
site was compressed after needle extraction for at least 1 min
and compressed for 3 min in individuals on anticoagulants; a
small external diameter 22-g needle was used to reduce tissue
trauma and hemorrhage; patients with known anxiety syn-
dromes were given a small prescription of lorazepam and
instructed on its emergency use for anxiety at discharge; the
patients were educated to recognize postprocedural fever, in-
fection, redness, pain, or unusual swelling and contact us if
these were to occur, and were instructed to cover the puncture
site for 3 days with daily bandage changes and not kneel in the
garden or on the ground, use hot tubs, or otherwise contami-
nate the puncture site, and chlorhexidine for antisepsis was

used instead of povidone. Diabetics were instructed tomonitor
their blood glucose postinjection and temporarily adjust
antiglycemic therapy as necessary.

Outcome measures

Patients were observed for serious adverse events includ-
ing reaction to local anesthesia, postprocedure infections,
postprocedural pain, dermal atrophy, postprocedure anxi-
ety or other corticosteroid complications, clinical hemor-
rhage, deep venous thrombosis, or postinjection visits to
emergency facilities, and all subjects were interviewed at
3–12 months whether any late complications had oc-
curred. Patient pain was measured with the standardized
and validated 0–10-cm Visual Analogue Pain Scale (VAS
Pain Scale), where 0 cm = no pain and 10 cm = unbear-
able pain [11, 27, 28]. Pain by VAS was determined (1)
prior to the procedure (baseline pain), (2) during
arthrocentesis (procedural pain), and (3) immediately
postprocedure (postprocedural pain). Aspirated fluid vol-
ume was quantified in milliliters (ml) with conventional
arthrocentesis, and the additional and total fluid obtained
after application of the constant compression brace.
Trace fluid was defined as at least 0.25 ml but less than
2 ml. Diagnostic fluid was defined as greater or equal to
2.0 ml (1 ml for culture and 1 ml for cell counts and
crystal examination). Fluid was evaluated for cell counts,
crystals, and gram stain and sent for culture and sensi-
tivity as appropriate.

Fig. 1 The arthrocentesis is performed through the superiolateral
approach with an elastomeric brace applying circumferential (radial)
constant compression to the knee and forcing residual fluid where it can
be accessed at the superiolateral portal. An absorbent impermeable drape
can be placed in the access portal to protect the brace

Fig. 2 This diagram shows how the circumferential constant
compression brace puts pressure on the medial and inferior knee and
moves synovial fluid laterally where it pools and can be accessed. The
synovial fluid is defined by the diagonal hatch area, and the constant
compression brace by the broken line
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Costs and diagnostic procedural cost-effectiveness

Costs of the procedure in US dollars ($) were defined as those
costs reimbursed by 2017 Medicare (USA) national rates for
HCPC/CPT 20610 code for a large joint arthrocentesis for a
physician office ($68.97/procedure), 15 min outpatient en-
counter ($76.68), and compressive brace ($10.00/brace)
[29]. With these data, a conventional arthrocentesis costs
$146.65, and a constant compression procedure $156.65.
Diagnostic procedural cost-effectiveness was defined as cost/
sample (cost per adequate diagnostic synovial fluid (sam-
ple ≥ 2 ml) to permit at least 1 ml for culture and 1 ml for cell
counts and crystal examination) [30, 31].

Statistical analysis

Data were entered into Excel (Version 5, Microsoft, Seattle,
WA) and analyzed in SAS (SAS/STAT Software, Release
6.11, Cary, NC). A power calculation was made using prelim-
inary data at this level where α = 0.0001, power = 0.9, and
allocation ratio = 1.0 indicated that n = 100 in each group
would provide statistical power at the p < 0.001 level and
n = 200 in each group at the p < 0.0001 level. Pearson chi-
squares two by two table analysis was performed on categor-
ical data calculating both p values and confidence intervals
with significance reported at the p < 0.05 level.
Measurement data was analyzed using the paired Student’s t
test calculating both p values and confidence intervals.

Results

The mean age of the cohort was 60.1 ± 12.1 years. The
male:female ratio was 18:192, typical of studies of osteoar-
thritis of the knee demonstrating a female gender bias.
Preprocedural pain according to the 10-cm VAS was
7.7 ± 1.7 cm, procedural pain was 2.5 ± 1.8 cm, and
postprocedural pain was 1.0 ± 1.6 cm, similar to other pain
data from studies of arthrocentesis of the osteoarthritic knee
[11, 24, 31].

There were no serious adverse events encountered by the
210 patients in the cohort including but not limited to needle-
stick, infection, septic joint, hemarthrosis, deep venous throm-
bosis, dermal atrophy, significant bruising, or other
hemorrhage.

The risk of any serious adverse events from similar needle
procedures has been determined to be 1:74 (1.4%); in the
present study, assuming the next subject would experience a
complication, the risk of any serious adverse event was less
than 1:211 (< 0.5%) [32]. Infection and septic joint rates for
similar needle procedures have been reported to be 1:887
(0.1%); in the present study, assuming the next subject would

experience an infection, the risk of infection and septic joint
was less than 1:211 (< 0.5%) [32].

Trace synovial fluid (≥ 0.25 ml) was obtained in 33.8%
(71/210) without compression and 56.2% (118/210) with
compression (p = 0.0001, z for 95% CI = 1.96, Pearson).
Diagnostic synovial fluid (≥ 2 ml) was obtained in 22.4%
(47/210) without compression and 40.5% (85/210) with com-
pression (p = 0.0001, z for 95% CI = 1.96, Pearson).
Diagnostic procedural cost-effectiveness was $655/diagnostic
sample without compression and $387/diagnostic sample with
compression. Absolute volume of arthrocentesis fluid yield
without compression was 2.62 ± 7.98 versus 5.32 ± 11.2 ml
with compression (105% increase, CI of difference − 4.56 < −
2.7 < − 0.84, p = 0.002).

In the subset of 158 palpably noneffusive (dry) knees, trace
synovial fluid (≥ 0.25 ml) was obtained in 17.7% (28/158)
without compression and 45.6% (72/158) with compression
(p = 0.0001, z for 95% CI = 1.96). Sufficient synovial fluid for
diagnostic purposes (≥ 2 ml) was obtained in 5.0% (8/158)
without compression and 22.8% (36/158) with compression
(p = 0.0001, z for 95% CI = 1.96). Diagnostic procedural cost-
effectiveness was $2896/diagnostic sample without compres-
sion and $688/diagnostic sample with compression. In the
palpably dry knee, the absolute volume of arthrocentesis fluid
obtained without compression was 0.28 ± 0.79 versus
1.10 ± 1.81 ml with compression (293% increase, 95% CI of
difference − 1.1179 < − 0.81 < − 0.5021, p = 0.0001). These
data are shown in Fig. 3 in graphic form.

In the subset of 52 patients with a palpably effusive knee,
trace synovial fluid (≥ 0.25 ml) was obtained in 96% (51/52)
without compression and 100% (52/52) with compression
(p = 0.22, z for 95% CI = 1.96). Diagnostic synovial fluid
(≥ 2 ml) was obtained in 75% (39/52) without compression
and 100% (52/52) with compression (p = 0.0001, z for 95%
CI = 1.96). Diagnostic procedural cost-effectiveness was
$195/diagnostic sample without compression and $156/diag-
nostic sample with compression. In the palpably effusive
knee, absolute volume of arthrocentesis without compression
was 14.7 ± 13.8 versus 25.3 ± 15.5 ml with compression
(72.1% increase, 95% CI of mean difference − 16.2407 < −
10.6 < − 4.9593, p = 0.0002). These data are shown in Fig. 4
in graphic form.

Discussion

As part of a safety and quality improvement program, we
introduced a new variation on the standard arthrocentesis pro-
cedure. The variation simply involves using an elastomeric
knee brace to exert a constant circumferential compression
on the soft tissues of the knee and thereby press out residual
synovial fluid and cause it to pool in the lateral suprapatellar
bursa and patellofemoral joint. The intent of this quality
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improvement was to reduce interoperator variability inmanual
compression, accentuate completeness of residual effusion re-
moval, and minimize the use of the operator’s hands in the
operative field to reduce the risk of an inadvertent needlestick
to the operator and infection to patient [26]. We hypothesized
that in addition to reducing the chances of needlestick by
removing the hands from the procedural site, the constant
compression of the knee by an external compressive device
would provide more complete arthrocentesis by mobilizing
residual synovial fluid. The present study demonstrates that
the success, fluid yield, and cost-effectiveness of knee
arthrocentesis can be significantly improved beyond that of
manual compression by the application of a constant compres-
sion circumferential knee brace (Figs. 3 and 4).

The risk of any serious adverse events from similar needle
procedures has been determined to be 1:74 (1.4%) and the risk
of postprocedural septic joint to be 1:887 (0.1%) [32]. In the
present study, the risks of serious adverse events were very
similar, the risk of any serious adverse event was less than
1:211 (< 0.5%), and the risk of infection and septic joint was
less than 1:211 (< 0.5%) [32]. The presence of a compressive
brace could increase the possibility of infection by contami-
nating the puncture site or could decrease the possibility of
infection by removing contamination associated with manual
compression; in any event, no infections or septic joint oc-
curred in 210 subjects. To demonstrate a statistical increase
in infections (p < 0.05) beyond a risk of 1:887 (0.1%), at least
2.1 infections would have to occur in 210 subjects, yet no

Fig. 4 This graph shows the
significantly increased synovial
fluid yield with constant
compression (upper bars) and
conventional (lower bars) in the
entire 52 knee cohort with
effusive (swollen) knee,
demonstrating a mean 75%
increase in synovial fluid yield
(p < 0.0001) and improvement in
diagnostic arthrocentesis (≥ 2 ml)
from 75 to 100% (p < 0.0002)

Fig. 3 This graph shows the
significantly increased synovial
fluid yield with constant
compression (upper bars) and
conventional (lower bars) in the
entire 158 knee cohort with
noneffusive (dry) knee,
demonstrating a mean 293%
increase in synovial fluid yield
(p < 0.0001) and improvement in
diagnostic arthrocentesis (≥ 2 ml)
from 5.0 to 22.8% (p < 0.0001)
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infections were observed in 210 subjects with use of the com-
pression brace—thus, it is unlikely even with larger subject
numbers that an increase in infection rate would be associated
with the use of mechanical compression [32]. Unique theoret-
ical complications of using a compressive brace could be is-
chemia to the involved limb if the brace were to impede arte-
rial flow (this would happen if the physician forgot to remove
the brace or put it on too tightly—we have never observed this
and patients have worn compressive braces chronically for
other purposes and ischemia does not occur), deep venous
thrombosis from compressing the popliteal venous structures
(this is also unlikely in that similar external compressive de-
vices are used to prevent deep venous thrombosis), and a
hematoma/bleeding from compression in a patient on
anticoagulation therapy but manual compression is more like-
ly to be traumatic because of unequal pressure points than the
soft distributed compression by a elastomeric brace. In any
event, none of these complications were observed. Thus, the
use of a mechanical compressive device for arthrocentesis and
joint injection appears to be safe and does not appear to in-
crease complications of arthrocentesis and injection, although
larger numbers of subjects and further experience are required
to fully determine the definitive effects on outcomes.

Complete arthrocentesis before injection of corticosteroid
or hyaluronan confirms the diagnosis, ensures proper needle
placement, excludes superimposed infection, reduces patient
pain, and improves the response to the injected drug [6–11].
Weitoft and Uddenfeldt and Sibbitt et al. demonstrated that
complete arthrocentesis before injection of corticosteroid re-
sulted in a significantly sustained response, indicating that
complete arthrocentesis before injection of corticosteroid
was clinically important [6, 11]. Similarly, Zhang et al.,
Waddell and Marino, and Tananka et al. have reported occult
effusion and/or significantly better response and persistence of
response to hyaluronan if complete arthrocentesis is per-
formed prior to intra-articular injection of hyaluronan into
the knee [8–10].

The mechanisms of improved outcomes with more com-
plete arthrocentesis are unclear, but increased intra-articular
concentrations of injected medication, the removal of fluid so
that the synovial membrane is in direct proximity to cartilage,
and removal of pathologic cytokines and cells in synovial fluid
have been postulated to be important [6–11]. The concept of
intentionally removing and debulking cells and excess fluid
that reduce or consume beneficial cytokines—the reduction
of the Bcytokine sink^—is growing in immunology [33–35].
In this immunologic construct applied to arthritis, the excessive
synovial fluid and cells in a joint effusion become a reservoir
for proinflammatory cytokines (for example IL-1β, TNF-α,
IL-6, IL-15, IL-17, and IL-18) and a Bsink^ for anti-
inflammatory cytokines (for example IL-4, IL-10, and IL-
13), thus effectively increasing intra-articular residence time
of proinflammatory cytokines while at the same time reducing

concentrations of anti-inflammatory cytokines to the detriment
of cartilage and synovial membrane [36, 37]. Thus, removal of
as much synovial fluid as possible by complete arthrocentesis
would result in reduction of the pathologic synovial fluid cy-
tokine Bsink^ and thus be beneficial to the joint by restoring
cytokine balance and increasing anti-inflammatory cytokines
and injected drug concentrations [6, 36, 37].

Despite the importance of arthrocentesis to the diagnosis
and management of arthritis, arthrocentesis with conventional
methods is often unsuccessful in the absence of a significant
effusion and, thus, can be unnecessarily traumatic and painful
to patients [12–25]. Ultrasound is increasingly used to detect
synovial effusions and to guide the needle for arthrocentesis
and intra-articular injection [11, 20, 23, 30, 31, 38, 39].
Ultrasound enables improved accuracy of needle placement,
improved fluid aspiration, and greater overall success of
arthrocentesis compared to traditional palpation-guided ana-
tomic landmark methods [11, 30, 39]. However, ultrasound-
guided arthrocentesis requires training, the equipment is cost-
ly, and the procedure is time-consuming. Moreover, the pro-
cedure is expensive, and many insurance carriers and health
plans do not reimburse for ultrasound-guided knee proce-
dures, despite the improved outcomes [30, 31]. Although ul-
trasound improves the detection of intra-articular sites where
joint fluid may be pooling, it does not move fluid to a collec-
tion space where it is more accessible. In addition, ultrasound
may not detect small amounts of fluid that are layered over the
synovial membrane and cartilage surfaces [23]. However, a
constant compression brace can be combined with ultrasound
to confer the benefits of both techniques, and we have used
this combination for particularly difficult knee arthrocentesis.

For anatomic landmark-guided knee arthrocentesis and in-
jection, many experts recommend that the patient be supine
and the knee be mostly extended with 0–25° of flexion
[12–16]. The needle is directed inferiorly from the lateral or
medial side to enter the skin 1 cm superior to the superior third
of the patella, and the needle is then directed under the patella
into the patellofemoral joint toward the intracondylar notch.
Mounting evidence indicates that the lateral approach for
arthrocentesis and injection is the most successful and accu-
rate [12–25]. This is believed to be a consequence of the
medial muscle effect and because local anatomy tends tomake
synovial fluid naturally pool more laterally. Hirsch et al. and
Chen et al. have recently demonstrated that fluid preferentially
pools in the lateral recess of the suprapatellar bursa where it
can be accessed, indicating that the lateral approach has natu-
ral advantages related to regional synovial fluid pooling [20,
40]. When using the medial approach, the needle may be
obstructed by medial plica, the medial triangular fat pad, cu-
mulative particulate matter (gelatinous masses) that pools on
the medial side, compressed dense hypertrophied synovial
tissues, or fat-replaced replaced soft tissues (lipoma
arborenscens) of the medial knee compartment [12, 15,
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22–24]. As pointed out by Roberts, these anatomic and struc-
tural challenges have less influence with the lateral approach,
thus providing the rationale for this approach in the present
study [12, 13].

Arthrocentesis success can be improved by Bmilking^ or
compressing the superior knee or opposing sides of the knee
with the operator’s nonsyringe hand, or by having a medical
assistant use two hands to force fluid toward one side or the
other, around obstructing masses, or into patellofemoral joint
where the fluid can most easily be aspirated [12–20].
However, when a single operator applies pressure, it results
in one-handed operation of the syringe, and one-handed com-
pression of the adult knee cannot compress all the synovial
compartments simultaneously. When a second operator is
available to compress the knee, although two hands can com-
press the knee better than one, it is also generally impossible to
get the complete 360° of compression. There is also an in-
creased expense with the addition of a second assistant or
operator. Further, bringing hands into the operative field in-
creases the chance of a contaminated needlestick to the oper-
ator or assistant and increases the risk of a blood-borne infec-
tion, thus is to preferably be avoided [26]. Finally, certain
operators may compress the knee vigorously and effectively
and others ineffectively, factors that may contribute to
interoperator variability in arthrocentesis success.

In 2008, Meehan proposed the use of an external pneumat-
ic compression device for joint aspiration, but no published
studies followed to support the usefulness of this method [41].
The present study utilized a largely conventional
nonpneumatic elastomeric knee brace that provided constant
circumferential compression to the joint via stretched elasto-
meric compression, forcing joint fluid toward a predefined
portal, from which the fluid could be more easily accessed
(Figs. 1 and 2). The modified arthrocentesis technique report-
ed here is also intended to minimize interoperator variability
by providing the same circumferential pressure to all knees.
As the results demonstrate, constant compression significantly
improves joint aspiration success and the volume of fluid col-
lected in both the clinically effusive and noneffusive (dry)
knees (Figs. 3 and 4). The current study did not evaluate
whether removal of this extra 75–293% of synovial fluid be-
yond conventional arthrocentesis improves injection outcome.
However, prior studies focusing on the completeness of aspi-
ration by arthrocentesis have demonstrated a significant im-
provement in joint injection outcomes after complete aspira-
tion of the joint [6–10].

Our quality intervention was designed such that we first
completed conventional arthrocentesis, and then in a second
step, we applied constant circumferential compression for a
second round of residual synovial fluid removal permitting a
paired sample analysis. The first observation is the consider-
able amount of residual synovial fluid that remains hidden in
the joint after conventional arthrocentesis that can be

mobilized and extracted by constant compression (Figs. 3
and 4). Interestingly, we found that the increased fluid return
was not always immediate, but in some cases, required 30 s to
3 min to allow fluid movement and pooling before the addi-
tional fluid could be extracted. This delay in fluid movement
after constant compression may be a result of the gel-like
semisolid nature of synovial fluid and its non-Newtonian vis-
cosity and elasticity [42–45]. Because of synovial fluid’s rhe-
ological properties, a constant low circumferential pressure as
supplied by the brace is best suited to force the viscoelastic
synovial fluid to move from one area of the joint to another.
Sharp compressive force on the joint as provided by hand
squeezing or Bmilking^ increases the elastic properties of sy-
novial fluid over its viscous properties and causes increased
resistance to flow [45]. In addition, the constant low-pressure
radial force of the brace may compress synovial membrane
and adjacent structures, thereby forcing interstitial fluid from
the tissues into the joint space where it can then be aspirated.
Another less likely possibility is that the constant compression
causes more synovial fluid to be secreted from the synovial
membrane—though unlikely during the timescale we studied
here (up to 3 min), the mechanism of the increased volume of
aspirate we report here remains an important avenue for future
research.

Intra-articular pressure and synovial fluid movement are
dynamic throughout the phases of the arthrocentesis proce-
dure when an external compressive brace is applied to a knee.
There are three dynamic phases: (1) when the brace is first
applied (creating an intra-articular pressure differential), (2)
when equilibrium (intra-articular pressure homogeneity) is
established after fluid has moved from the compressed tissues
into the synovial fluid space at the access portal, and (3) when
arthrocentesis is performed (creating an intra-articular pres-
sure differential again between the synovial fluid compart-
ment and the needle opening). When the brace is first applied,
the low-pressure area occurs at the portal access point so fluid
flows from high-pressure areas compressed by the brace to
low-pressure areas not compressed by the brace. However,
after the intra-articular fluid has moved within the joint from
high-pressure areas to low-pressure areas, the intra-articular
pressure reaches a new equilibrium so that the fluid pressures
at the portal access point and compressed areas covered by the
brace are equal—this is the new steady state. However, once
the fluid is aspirated with a needle at the portal, a low-pressure
region at the access point is created, and the pressure gradient
forces more intra-articular fluid from the high-pressure areas
compressed by the brace to the low-pressure access point until
flow ceases when all of the effusion has been removed.

Ike et al. have demonstrated that voluntary quadriceps con-
traction can move otherwise occult fluid to the lateral recess of
the suprapatellar bursa where the fluid can be accessed in a
manner very like the compressive brace [23]. The reasons for
this fluid movement are very similar to those for fluid
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movement when using the constant compression brace de-
scribed here, that is contraction of the quadriceps muscle cre-
ates increased pressure in the inferior knee, the patellofemoral
joint, and medial bursa, thereby forcing fluid to the lateral
recess of the suprapatellar bursa. A disadvantage to the quad-
riceps contraction technique is that contraction of the quadri-
ceps muscle forces the patella and quadriceps tendon firmly
against the femur making the patellofemoral joint completely
inaccessible if that were the intended target. Also, it is impos-
sible for the patient to maintain constant contraction for sev-
eral minutes (due to the muscle fibers contracting irregularly
and intermittently and eventually tiring during contraction), so
that the tissues Btremble^ creating an unstable procedure en-
vironment with tissue movement against the procedure needle
tip causing accentuated pain. The constant compression brace
in essence provides all the same benefits as quadriceps con-
traction yet permits the patient to relax the muscles, and thus,
creates a stable procedure environment, and permits ready
access to the patellofemoral joint if that were the desired tar-
get. Further, constant compression increases the proportion of
adequate diagnostic samples, improving diagnostic procedur-
al cost-effectiveness by reducing costs from $655/diagnostic
sample without compression to $387/diagnostic sample with
compression [29–31, 46].

One limitation to this study is that the lateral approaches
were used for arthrocentesis and injection; it is possible that
the less preferred conventional medial approaches might be
similarly successful by placing the brace in a reverse orienta-
tion to drive fluid from the lateral and inferior knee toward the
medial knee where it could be accessed. Another important
limitation of our study is that we did not evaluate whether the
additional fluid expressed with compression was identical to
the fluid obtained with the standard arthrocentesis procedure.
Studies comparing the content of the synovial fluid collected
during the first and second aspirations are currently planned.
A final limitation to this study is the paired study design that,
although providing a robust structure for determining im-
provements in individual residual arthrocentesis yield, could
not determine effects or benefits of enhanced arthrocentesis on
injection outcomes.

Conclusion

The quality, success, and cost-effectiveness of diagnostic and
therapeutic knee arthrocentesis in both the clinically
noneffusive and effusive knee can be significantly improved
through the application of constant compression using a cir-
cumferential knee brace to mobilize residual synovial fluid.
The improved diagnostic arthrocentesis success with respect
to more consistently obtaining adequate fluid for analysis, the
more complete decompression of the joint, the improved cost-
effectiveness, and an improved rate of synovial fluid return

confirming the accuracy of intra-articular needle placement
prior to an injection procedure without an increase in serious
adverse events all provide added value. As complete
arthrocentesis reduces the pathologic Bcytokine sink^ created
by the synovial effusion and has been demonstrated to im-
prove subsequent intra-articular injection outcomes, constant
compression with an elastomeric knee brace to achieve com-
plete arthrocentesis is a simple and low-cost quality improve-
ment technique that can readily be incorporated into clinical
musculoskeletal practice and injection clinics.
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