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Accuracy of Needle Placement
Into the Intra-Articular
Space of the Knee

BY DouGLAS W. JACKSON, MD, NICHOLAS A. EVANS, MD, AND BRADLEY M. THOMAS, MD

Investigation performed at Southern California Center for Sports Medicine, Long Beach, California

Background: To achieve their potential therapeutic benefit, hyaluronic acid derivatives should be injected directly
into the knee joint space and not into the anterior fat pad or the subsynovial tissues. In the absence of a knee
effusion, reproducible needle placement into the intra-articular space presents a challenge to the clinician.

Methods: The accuracy of needle placement was assessed in a prospective series of 240 consecutive injec-
tions in patients without clinical knee effusion. The injections were performed by one orthopaedic surgeon us-
ing a 2.0-in (5.1-cm) 21-gauge needle through three commonly employed knee joint portals: anteromedial,
anterolateral, and lateral midpatellar. Accuracy rates for needle placement were confirmed with fluoroscopic im-
aging to document the dispersion pattern of injected contrast material.

Results: Of eighty injections performed through an anterolateral portal, fifty-seven were confirmed to have been
placed in the intra-articular space on the first attempt (an accuracy rate of 71%). Sixty of eighty injections per-
formed through an anteromedial approach were intra-articular on the first attempt (75% accuracy rate), as were
seventy-four of eighty injections performed through a lateral midpatellar portal (93% accuracy rate).

Conclusions: Using real-time fluoroscopic imaging with contrast material, we demonstrated the difficulty of ac-
curately placing a needle into the intra-articular space of the knee when an effusion is not present. This study
revealed that a lateral midpatellar injection (an injection into the patellofemoral joint) was intra-articular 93% of
the time and was more accurate than injections performed by the same orthopaedic surgeon using either of the
other two portals. This study highlights the need for clinicians to refine injection techniques for delivering intra-

articular therapeutic substances that are intended to coat the articular surfaces of the knee joint.

chronic medical conditions'. At present, there is no

evidence that medical intervention alters the rate of
deterioration of the articular surfaces of an affected joint.
Most current therapies are directed toward minimizing pain
and swelling, maintaining joint mobility, and reducing associ-
ated disability.

In osteoarthritis, there is a reduction in the elastoviscosity
of the synovial fluid secondary to a decrease in the molecular
weight and concentration of hyaluronic acid. Visco-
supplementation is a therapeutic technique that addresses
the decrease in synovial viscosity with the injection of ex-
ogenous high-molecular-weight hyaluronan molecules™. Visco-
supplementation was initially used to treat post-traumatic
osteoarthritis in racehorses and was later used to treat knee ar-
thritis in humans in the early 1970s. In 1997, hyaluronan was
approved by the Food and Drug Administration as a fluid pros-
thesis(] that is, an intra-articular substance to coat the articular
surfaces. Two brands of viscosupplements, both of which are
purified from chicken combs, are commercially available in the
United States. Sodium hyaluronate (Hyalgan; Sanofi Pharma-

Osteoarthritis is one of the most common and costly

ceuticals, New York, NY) has a molecular weight of 500,000 to
730,000 Da and is administered in one injection per week for
five weeks. Hylan G-F 20 (Synvisc; distributed by Wyeth Labo-
ratories, Wyeth-Ayerst, Philadelphia, Pennsylvania) contains
cross-linked hyaluronate, increasing its molecular weight to 6
million Da, and is administered in one injection per week for
three weeks.

The mechanism by which viscosupplementation allevi-
ates arthritic knee pain has been related to the biomechanical
effect of improving elastoviscosity, which creates better joint
lubrication and shock absorption. Studies have indicated that
exogenous hyaluronan stimulates endogenous production of
hyaluronate by synoviocytes, thereby “normalizing” the viscos-
ity of joint fluid in patients with osteoarthritis*. It has been
suggested that hyaluronan supplementation has a direct anti-
inflammatory effect on synoviocytes by inhibiting release of
arachidonic acid or by blocking production of prostaglandin-
E,*". Hyaluronan may also inhibit damage mediated by oxygen
free radicals and phagocytosis®®. In addition, hyaluronate may
exert a direct analgesic effect on intra-articular nociceptors,
helping to relieve the symptoms of osteoarthritis".
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Several human clinical trials have shown a single course
of three weekly injections of hyaluronan to be more effective
than saline solution and equivalent or better than nonsteroidal
anti-inflammatory therapy combined with arthrocentesis®™.
In order to achieve the maximal potential therapeutic benefit,
hyaluronan-based preparations should be delivered directly
into the intra-articular space and not into the anterior fat pad
or the subsynovial tissue layers*.

Few studies have evaluated the accuracy of needle place-
ment into the intra-articular space of the knee joint in the ab-
sence of an effusion™. Needle placement is easily confirmed
when an effusion is present. During joint aspiration for effu-
sion, the return of synovial fluid documents intra-articular
placement of the needle. Manufacturers of hyaluronan-based
preparations have recommended that the injection be placed
into a “dry” joint. In the absence of an effusion, needle place-
ment requires the use of anatomic landmarks and tactile feed-
back to help the physician to position the needle. Several
anecdotal, and a few published, methods have been proposed
to increase the accuracy of intra-articular placement of the
needle in the absence of an effusion. These include preinjec-
tion of air or saline solution, aspiration of moisture into the
barrel of the syringe, minimal retraction of the needle tip after
palpation of an articular cartilage or bone surface, or fluoro-
scopic injection of contrast material™™®.

The purpose of this study was to evaluate the accuracy
rate of one orthopaedic surgeon using anteromedial, antero-
lateral, and lateral midpatellar approaches for intra-articular
placement of a needle into the knee joint space in a clinic
setting.

Materials and Methods
he accuracy of needle placement was assessed prospectively
in a consecutive series of patients who were given Synvisc
injections for the treatment of symptomatic degenerative joint
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disease of the knee. The treatment involved three intra-articular
injections of Synvisc into the affected knee with weekly intervals
between the injections, according to the manufacturer’s recom-
mended protocol. Patients with clinically detectable knee joint
effusion were excluded from the study. The injections were per-
formed in an office setting by one orthopaedic surgeon (D.W.J.)
who specialized in knee joint disorders.

Needle placement was determined with an in-office
portable fluoroscopic unit (Premier; Fluoroscan Imaging Sys-
tems, Northbrook, Illinois) to demonstrate the dispersion pat-
tern of injected contrast material. This machine emits a low
radiation dose and a tightly collimated beam, reducing radia-
tion scatter to a low level that does not require lead-shielding.

A three-way stopcock was utilized for the study injec-
tions (Fig. 1). Synvisc was placed in the syringe opposite to the
needle, and radiopaque Isovue-300 contrast solution (Bracco
Diagnostics, Princeton, New Jersey) was placed in the syringe
at 90° to the needle. This allowed the passage of both the ra-
diopaque solution and the Synvisc material through the same
needle with only one needle placement. The stopcock was ini-
tially opened to the syringe containing the Isovue-300, and 0.5
mL of this contrast solution was injected into the joint. A fluo-
roscopic image was made to evaluate dispersion of the con-
trast material. If intra-articular placement was confirmed, the
stopcock was opened to the other syringe for injection of the
Synvisc. If the initial needle placement did not result in dis-
persion of the injected contrast material within the knee joint
cavity, the needle was repositioned until intra-articular place-
ment was confirmed fluoroscopically with an additional injec-
tion of contrast material. Inaccurate initial placement of the
needle requiring repositioning of the needle was considered a
failure for the purpose of this study.

We compared the accuracy of injections through three
commonly used sites for intra-articular injections into the
knee joint: anterolateral, anteromedial, and lateral midpatellar

Fig. 1

Three-way stopcock used for needle
placement with the syringes contain-
ing Synvisc and contrast medium
attached. The knee, which was pre-
pared by the physician prior to the
injection, is flexed 90° with the leg
hanging free over the side of the
examination table. The mini-c-arm of
the Fluoroscan unit is in position.
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Fig. 2-A
Schematic representation of the anterolateral (AL) and antero-
medial (AM) portals.

portals. The anterolateral and anteromedial injections were
performed with the patient sitting and the affected leg hang-
ing over the side of the examination table with the knee
flexed to approximately 90°. The patient’s foot was allowed
to hang freely without contact with the floor or a stool. On
the basis of careful palpation of anatomical landmarks, the
injection site was selected inferior to the patella, one finger-
breadth proximal to the tibial joint surface, and either me-
dial or lateral to the patellar tendon (Fig. 2-A). The needle
was directed obliquely toward the intercondylar notch. The

Fig. 2-B
Diagram showing the lateral midpatellar portal. P = patella,
F = femur, T = tibia, and FP = fat pad.
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lateral midpatellar injections were performed with the lower
limb extended on the examination table. The patella was
manually everted and moved laterally by the physician’s free
hand. The needle was advanced transversely between the ar-
ticular surfaces of the patellofemoral joint at the midpoint of
the patella (Fig. 2-B).

Prior to needle placement, the mini-c-arm of the Fluo-
roscan unit was positioned to obtain an initial lateral image to
center the knee on the screen. The skin around the injection
site was prepared with Betadine (povidone-iodine), and the
area was partially anesthetized by spraying ethyl chloride onto
the skin. Surgical gloves were worn by the physician during
the injections. The needle was positioned in what was thought
to be the desired location, and 0.5 mL of contrast material was
injected into the knee. A second lateral image was then ob-
tained to document dispersion of the contrast material. With
correct needle placement, the contrast material dispersed
freely within the joint and was seen to “coat” the articular sur-
face (Fig. 3). Dispersion of the contrast material was con-
firmed with a repeat Fluoroscan image obtained after the knee
was cycled five times through a range of motion. When the
needle was positioned incorrectly, the contrast material
pooled as a bolus in either the fat pad or the subsynovial tis-
sues (Fig. 4). As mentioned, incorrect initial placement of the
needle was considered a failure for the purpose of this study.
To ensure accurate delivery of the Synvisc, the needle was re-
positioned if necessary until an intra-articular placement was
confirmed with a repeat injection of contrast solution. The
stopcock was then opened to the syringe containing Synvisc,
which was injected into the intra-articular space.

A 2-in (5.1-cm) 21-gauge needle was attached to the
stopcock in this study. We had been using a 1.5-in (3.8-cm)
22-gauge needle for intra-articular corticosteroid injections in
our office. However, during an initial pilot study involving
thirteen injections with a 1.5-in needle through an anterolat-
eral portal into the knee joint, nine injections were placed into
the infrapatellar fat pad. In order to estimate the needle length
required to reach the articular surface, we evaluated the size of
the fat pad using magnetic resonance imaging scans of the
knee joints of five volunteers (age range, thirty-three to fifty-
five years; female-to-male ratio, 3:2). The distance measured
from the skin edge to the articular surface of the femoral
condyle ranged from 4.5 t0 5.5 cm (1.8 to 2.2 in). On the basis
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Fig. 3

Fig. 4

Fig. 3 Fluoroscan image demonstrating accurate intra-articular placement of the needle. The injected contrast medium “coats” the articular surface
of the femoral condyle and accumulates in the posterior compartment of the knee joint. Fig. 4 Fluoroscan image showing inaccurate, extra-articular
placement of the needle, with the injected contrast medium contained in the fat pad.

of these preliminary data, we selected a needle length of 2 in
for the study, predicting that the additional 0.5-in (1.3-cm)
length would help the needle to clear the intra-articular fat
pad and reach the intra-articular space.

Eighty patients without clinical knee effusion were in-
cluded in this prospective study. The age range of the pa-
tients was twenty-eight to eighty-five years. There were
forty-two female patients and thirty-eight male patients.
Initial needle placement was documented for 240 consecu-
tive injections prior to injection of the Synvisc for the treat-
ment of symptomatic degenerative joint disease of the knee.
Eighty injections were placed into each of the three study
portals by one orthopaedic surgeon using a 2-in 21-gauge
needle.

Statistical Analysis

The data were organized into contingency tables, and statisti-
cal analysis was performed with use of the Fisher exact test
(two-sided, 95% confidence interval). Comparisons were
made between the actual result and the expected result (i.e., a

TABLE | Rates of Accuracy of Intra-Articular Injections

100% rate of intra-articular placement) and among the por-
tals (anterolateral, anteromedial, and lateral midpatellar). An
alpha level of <0.05 was considered significant.

Results
Asummary of the accuracy rates of the injections is pre-
sented in Table I.

The actual rate of accurate intra-articular needle place-
ment was significantly lower than the expected rate (100%)
when the anterolateral portal (p < 0.0001) or anteromedial
portal (p < 0.0001) was used. There was no significant differ-
ence (p > 0.05) between the expected rate (100%) and the
actual rate (93%) of accurate needle placement through the
lateral midpatellar portal. There was also no significant dif-
ference (p > 0.05) between the results obtained with place-
ment through the anteromedial and anterolateral portals,
but the accuracy obtained with use of the lateral midpatellar
portal was significantly greater than that obtained with use
of either the anteromedial (p < 0.01) or anterolateral (p <
0.001) portal.

Placement of Needle (no. of injections)

Total No. Accuracy
Portal of Injections Extra-Articular Intra-Articular Rate
Anterolateral 80 23 57 71%
Anteromedial 80 20 60 75%
Lateral midpatellar 80 6 74 93%
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Discussion
Areview of the literature revealed few studies on the accu-
racy of needle placement into the intra-articular space of
the knee in the absence of a joint effusion. Jones et al."" used a
single radiograph to evaluate the accuracy of injections of a
mixture of depomethylprednisolone and radiographic con-
trast medium by five rheumatologists with differing seniority.
They reported that thirty-nine (66%) of fifty-nine knee joint
injections were intra-articular according to their criteria and
almost one-third were extra-articular. The authors did not
describe their injection method or document whether an ef-
fusion was present in the knee joints being injected. Interest-
ingly, the response to steroid therapy was similar regardless of
whether the injection was intra-articular or extra-articular. In
view of the poor accuracy rate, the authors recommended that
injection techniques be refined.

Bliddal*® evaluated the accuracy of superolateral ste-
roid injections, which he verified with mini-air arthrography.
He reported that fifty-one of fifty-six injections were intra-
articular. Waddell et al.” used real-time Fluoroscan imaging to
assess the accuracy of needle placement through an antero-
lateral portal with the knee flexed between 30° and 40°. Injec-
tions were performed in twenty normal knees of eleven
healthy volunteers, and the authors reported an accuracy rate
of 100%. This study may have underestimated the potential
difficulties encountered when performing injections, without
the benefit of fluoroscopic confirmation, in abnormal knees of
patients with osteoarthritis and obesity.

We evaluated the accuracy of needle placement in eighty
patients undergoing treatment for symptomatic degenerative
joint disease. The sample included obese patients and patients
whose knee joints were deformed by the degenerative process.
It is important to note that establishing anatomical landmarks
about the knee is more difficult in obese patients. The large
quantity of subcutaneous fat also increases the distance be-
tween the skin and the joint space.

We compared the accuracy rates of needle placement, by
one physician, into three commonly used knee-injection por-
tals. Injection through the lateral midpatellar approach had an
accuracy of 93%. When this route is used, the needle passes
through a minimal amount of soft tissue to reach the intra-
articular space. It is important to ensure that the needle is di-
rected parallel to the everted articular facet of the patella and
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that the needle does not deviate more than 15° to 20° from the
midpatellar transverse plane.

Several observations made during this study may be
useful to the clinician. First, the small amount (2 mL) of vis-
cous hyaluronan and the resistance to its flow in the needle
made it difficult for the clinician to feel whether the dose of
Synvisc was passing into soft tissue or the joint space. Second,
it is our impression that incorrect placement of a soft-tissue
injection causes more discomfort to the patient during and af-
ter the procedure. When patients mentioned the sensation of
pain during the injection of a small volume (0.5 mL) of con-
trast material, fluoroscopy frequently demonstrated a bolus of
contrast medium accumulated within the extra-articular soft
tissues. Third, it is a concern that painful injections are associ-
ated with extra-articular needle placement and may be linked
to a higher incidence of adverse reactions. This was not estab-
lished by our study, as the needle was repositioned and then
confirmed to be intra-articular before the physician proceeded
with the Synvisc injection. Finally, once the instantaneous dis-
comfort of needle placement has subsided, the injection of hy-
aluronan should not be painful.

In conclusion, future study is needed to develop a repro-
ducible and accurate method of therapeutic delivery into the
joint without the need for fluoroscopic confirmation. Until
then, we recommend using the lateral midpatellar portal with
the knee extended as it is the most accurate approach for
intra-articular needle placement in a knee with no effusion. m
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