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Aspiration and injection of joints and soft tissues is an indis-
pensable skill used in everyday practice by the clinical rheuma-
tologist. Most rheumatologists recognise that performing these
procedures using anatomical landmarks is not always successful,
particularly in the case of small or infrequently injected joints,
bursae or tendon sheaths. Musculoskeletal ultrasound confirms
the local pathological-anatomical diagnosis and is the most
applicable and feasible imaging method that can be applied in
clinical practice in guiding musculoskeletal interventional pro-
cedures. From 1993, there has been substantial examination of the
accuracy of landmark- and imaging-guided procedures. We have
searched the literature and ascertained whether imaging tech-
niques improve the accuracy of musculoskeletal procedures and
whether the accuracy of needle placement can be translated into
improved clinical outcome (efficacy).

© 2016 Elsevier Ltd. All rights reserved.
Introduction

Despite major advances in systemic therapy for the treatment of inflammatory rheumatic diseases,
corticosteroid (steroid) injection into the joints, bursae, tendon sheaths or other musculoskeletal soft
tissues remains an important tool used in daily clinical practice. These injections are usually guided by
the palpation of anatomical landmarks and are termed landmark-guided injection (LMGI) (also known
).
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as palpation-guided, clinical examination-guided or blind injection techniques). Jones et al., in 1993
were the first to report the success rates of needle placement using a palpation-guided approach [1].
The authors proposed that accurate placement of the needle could diminish the discomfort experi-
enced by the patient and reduce incidental damage to adjacent structures and tissue atrophy within
the extra-articular soft tissues.

Ultrasound (US) guidance of aspiration was first reported by Gompels and Darlington in 1981 [2].
The first step of an US-guided procedure is always to confirm and localise the joint or soft tissue pa-
thology. In clinical practice, US has been shown to frequently change the anatomical and pathological
diagnosis made on clinical grounds, which alters the decision of whether or not to inject and where to
place the needle [3]. The superior diagnostic accuracy of US scanning compared with clinical exami-
nation is a major factor that should be examined in future studies that compare the outcomes of LMGIs
and US-guided injections (USGIs). In addition to aspiration and steroid injections, it is now possible to
perform US-guided percutaneous biopsies of the joints, bursae, tendon sheaths, major salivary glands
and muscles; to assist insertion of drainage catheters; to detect soft tissue foreign bodies; and to
perform nerve blocks. There are two common methods for USGIs: semi-guided or indirect method
(skin surface marking) and needle guidance under direct sonographic vision (direct method) [4,5].
Direct visualisation of the needle is considered to be the superior technique because it confirms the
correct position of the needle. The needle is observed in real timewhile it is passing through the tissue.
There are no studies that directly compare the performance of these two USGI techniques.

US is the optimal imaging modality for guiding musculoskeletal interventional procedures because
it is extensively available at bed side, provides high definition imaging of both needle and joint tissues,
incurs relatively low costs and does not use radiation [6]. In this article, we address whether USGIs
improve the accuracy of therapeutic musculoskeletal injections compared with LMGIs and, further, the
accuracy of needle placement can be translated into improved clinical outcome (efficacy) in the
different anatomical regions. We searched all English language articles published in the last 35 years
using PubMed database and collected clinical trials comparing the accuracy and/or efficacy of LMGIs
with USGIs. We focused on human rheumatic and musculoskeletal conditions and excluded oncology,
traumatology and spinal procedures.
Shoulder

Glenohumeral joint

Accuracy
In a study by Cunnington et al., injections of steroid and contrast agent were given in 184 different

joints randomised for LMGIs and USGIs. The accuracy was assessed by radiography of the injected joint,
which localised the contrast agent in the injectate. The accuracy of the glenohumeral joint injections
reported for USGIs was 63% and for LMGIs was 40% (p ¼ NS) [7]. It should be noted that in this study,
USGI was performed using the posterior approach by a relatively inexperienced ultrasonographer with
one year of practical US experience, and 40% accuracy was achieved by rheumatologists with a median
of 14 years of clinical experience in joint injection. It would be expected that the accuracy of a skilled
ultrasonographer interventionist would be much higher, and the sample size in this study was small
making statistical analysis difficult.

There are eight clinical studies that investigated the use of LMGIs. Three of these used magnetic
resonance (MR) arthrography for accurate injection verification, four used contrast medium and
fluoroscopy and one used arthroscopy. According to these reports, the mean accuracy of LMGIs to the
glenohumeral joint was 67% (variation 10e99%) [1,8e14]. In a paper by Tobola et al. [13], three different
injection approaches were investigated (anterior, posterior or supraclavicular), and statistically sig-
nificant differences were absent between the three approaches. However, the anterior route was the
most accurate and was independent of the experience level of the provider.

There are five other studies that have investigated the accuracy of USGIs before MR arthrography
[15e19]. The mean reported accuracy of USGIs to the glenohumeral joint were 96% (variation
92e100%). One of these studies compared US- and fluoroscopy-guided techniques and noted that the
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first attemptwas successful in 72% of the injections in the fluoroscopy-guided group and 94% in the US-
guided group [18].

In a cadaveric study with 80 shoulder specimens, the accuracy of USGIs and LMGIs were 92.5% and
72.5% (p ¼ 0.025), respectively [20]. Two operators injected radiopaque contrast through a posterior
approach. After the injections, radiographs of the specimens were obtained to assess the accuracy of
the injections.

There are three cadaveric studies that investigated LMGIs to the glenohumeral joint [21e23]. The
mean accuracywas 94% (variation 91e96%). One study used superior injection approach and noted that
caution for the likelihood of penetrating the long head of biceps tendon should be considered [22].

These findings provide evidence that USGIs to the glenohumeral joint are more accurate than LMGIs
(Table 1).

Efficacy
There is a single comparative study of LMGIs and USGIs that investigated the efficacy of gleno-

humeral joint injections using these techniques. In this trial for patients with adhesive capsulitis, the
US group had a lower reduction in pain VAS; however, no significant difference was observed between
groups for function at 6 weeks post injection [24]. In Cunnington's study, there was no significant
difference for outcome variables between USGIs and LMGIs when all the joints were grouped together.
The results for single joints were not reported. However, there was a greater improvement in the VAS
score for function in the accurate injection group [7]. A recent Cochrane review reported no significant
improvement in efficacy with USGIs to the shoulder [25]. However, the authors did not perform the
analysis on the basis of the exact injection location. In addition, there were fewer side effects in the
USGI groups.

Presently, there is not enough data to conclude that USGIs are more efficacious than LMGIs in the
treatment of glenohumeral joint diseases.

Subacromial space

Accuracy
In assessing the studies on injection into the subacromial space, it should be noted that different

studies have used different volumes of injectate, and a larger volume may aid the accuracy but leads to
more tissue damage. Two clinical studies have compared LMGIs and USGIs using MR arthrography for
verifying the success of the intervention. Rutten et al. reported that both methods were 100% accurate
[26], and Dogu et al. found that accurate injections were performed in 65% in the USGI group and 70% in
the LMGI group [27].

Four clinical studies have investigated the accuracy of LMGIs into the subacromial space [28e31].
One used MR arthrography and the others used fluoroscopy plus contrast media for verification. The
mean accuracy was 61% (variation 29e91%).

Three cadaveric studies have examined the accuracy of LMGIs into the subacromial space [21,32,33].
The mean accuracy was 81% (variation 70e91%). Thus, the accuracy of LMGIs into the subacromial
space is sub-optimal and depends on the operator.

There is not enough data to confirm that USGIs are more accurate than LMGIs, and further research
is required to clarify this (Table 2).
Table 1
The mean accuracies of glenohumeral joint injection in 18 studies. The number of studies are given in
parentheses.

LMGI (%) USGI (%)

Comparative clinical study (1) 40 63
Clinical LMGIs studies (8) 67 e

Clinical USGIs studies (5) e 96
Comparative cadaveric study (1) 72.5 92.5
Cadaveric LMGIs studies (3) 94 e

LMGI, landmark-guided injection; USGI, ultrasound-guided injection.
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Efficacy
Five studies have evaluated the efficacy of USGIs and LMGIs into the subacromial space, and they all

showed better outcomes for the USGI procedures in the short term [34e38]. However, two additional
studies found that there is no difference in efficacy between accurate and inaccurate injections [27,29].

According to the literature, USGIs into the subacromial space produce a significantly greater
improvement in terms of pain reduction and functional gain than LMGIs in chronic shoulder pain, at
least in short term.
Biceps tendon sheath, acromioclavicular joint and sternoclavicular joint

Accuracy and efficacy
Injection into the tendon sheath of the long head of the biceps brachii can be more accurately

performed by USGI than that by LMGI according to a single study [39]. USGIs showed 87% accuracy,
whereas LMGIs showed only 27% accuracy. Computed tomography (CT) with contrast agent was used
for the verification of the injection; however, the efficacy of this was not reported.

In one clinical study, the accuracy of LMGIs to the acromioclavicular joint was 43%. This was verified
using radiographic contrast material [40]. There are no papers reporting the efficacy of acromiocla-
vicular injections.

The exact position of USGI and LMGI into the acromioclavicular joint has been examined in three
cadaver studies [41e43]. The mean accuracies reported were 96% (variation 90e100%) for USGIs and
62% (variation 40e75%) for LMGIs. In a cadaveric study, Partington and Broome found that LMGIs were
successful in 67% of the acromioclavicular injections [32].

It can be concluded that LMGIs to the biceps tendon sheath and acromioclavicular joint are sub-
optimal and USGIs are more accurate; however, efficacy studies for this are missing.

The only study evaluating injection accuracy into the sternoclavicular joint used LMGI approach
with a reported accuracy of 78% [44]. This was a cadaveric study (Table 3).
Advanced procedures of the shoulder

Some procedures in the shoulder area require exact imaging guidance. Percutaneous US-guided
fenestration and aspiration of calcific tendinosis is an example [45]. It was originally done as a fluo-
roscopic procedure; however, US has largely replaced fluoroscopy because of its excellent safety profile
and clinical efficacy. In the shoulder region, nerve blocks can be performed using US guidance (e.g.
suprascapular and dorsal scapular nerve blocks). US may be used to diagnose and aspirate a ganglion
cyst compressing the nerve in the suprascapular or spinoglenoid notch. Other injectable therapies such
as platelet-rich plasma are now available for rotator cuff tendinopathy; however, further studies are
required to clarify their efficacy, and there is no comparison of USGI and LMGI for these therapies.

Elbow

Elbow joint: accuracy and efficacy

Two studies have compared the accuracies of LMGIs and USGIs to the elbow joint. The study by
Cunnington [7] reported accuracies of 64% and 91% for LMGI and USGI, respectively (p ¼ 0.1). Kim
Table 2
The mean accuracies of subacromial space injection in nine studies. The number of studies are given in
parentheses.

LMGI (%) USGI (%)

Comparative clinical studies (2) 85 82.5
Clinical LMGIs studies (4) 61 e

Cadaveric LMGIs studies (3) 95 e

LMGI, landmark-guided injection; USGI, ultrasound-guided injection.
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Table 3
The mean accuracies of injection to the biceps tendon sheath, acromioclavicular and sternoclavicular joints in seven studies. The
number of studies are given in parentheses.

LMGI (%) USGI (%)

Biceps tendon sheath: comparative clinical study (1) 27 87
Acromioclavicular joint: clinical LMGIs study (1) 43 e

Acromioclavicular joint: comparative cadaveric studies (3) 62 96
Acromioclavicular joint: cadaveric LMGIs study (1) 67 e

Sternoclavicular joint: cadaveric LMGIs study (1) 78 e

LMGI, landmark-guided injection; USGI, ultrasound-guided injection.

D. Kane, J. Koski / Best Practice & Research Clinical Rheumatology xxx (2016) 1e15 5
reported an accuracy of 100% using USGI and 77.5% using LMGI by posterior (olecranon) approach. They
verified the injection accuracy using the fluoroscopic contrast method in 80 patients [46].

Two studies have evaluated LMGI accuracy to the elbow joint, and the mean accuracy was 92%
(variation 84e100%) [1,10]. Both the studies used radiographic contrast media to verify the success of
the intra-articular injection. Of these, only Lopes et al. reported the efficacy and noted significant
improvement in the VAS for pain at rest and during movement, VAS for oedema and morning stiffness
[10].

It appears that LMGIs and USGIs to the elbow joint do not differ much in accuracy, although the
number of studies is small (Table 4).

Lateral epicondylitis and advanced procedures around the elbow

Lateral epicondylitis is a common condition in which different types of treatments have been
investigated with varying results. There are no studies of the accuracy of LMGIs and USGIs in this area.
The definition of accuracy is also complex given that some injection approaches target the surface of
the common extensor origin, whereas others aim to penetrate and disrupt the tendon structure. US
scanning plays an important role in the differential diagnosis of lateral elbow pain given that the CEO,
lateral collateral ligament and humeroradial joint are so closely apposed.

Different types of US-guided procedures such as needle tendon fenestration and platelet-rich
plasma injections have been and are to be investigated in the treatment of lateral epicondylitis.

US guidance has an important role in performing nerve blocks at the elbow level such as blocking of
the posterior interosseous nerve and radial nerve at the spiral groove. Ganglion cysts compressing
nerves can be diagnosed using US and also aspirated under US guidance.

Wrist and hand

Wrist and hand joints: accuracy

Cunnington et al. achieved 79% and 75% accuracy using USGI and LMGI, respectively, in the wrist
joint (p¼ 0.8) [7]. In two studies, LMGIs to thewrist joint resulted in accuracies of 97% and 50% [10,1]. In
these three papers, the radiographic contrast medium method was used for verifying the success of
intra-articular injection. Choudur et al. used US guidance in MR arthrography and found that 99% were
successfully injected into the wrist [15].

Smith et al. studied the accuracy of USGIs and LMGIs to the scaphotrapeziotrapezoid joint [47]. This
cadaver study showed that USGIs were 100% accurate, whereas LMGIs were only 80% accurate. There
Table 4
The mean accuracies of elbow joint injection in four studies. The number of studies are given in parentheses.

LMGI (%) USGI (%)

Clinical comparative studies (2) 71 96
Clinical LMGIs studies (2) 92 e

LMGI, landmark-guided injection.
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are two additional cadaver studies examining the accuracies of USGIs to the trapeziometacarpal and
distal radioulnar joints, and the accuracies were 94% and 100%, respectively [48,49].

A single study compared the accuracy of LMGIs and USGIs to PIP and MCP joints [50]. The needle
position was intra-articular in 50% of PIP joints and 80% of MCP joints using LMGI, and the corre-
sponding figures for USGIs were 92% and 100%. In this study, visualisation of the needle tip within the
joint space and distension of the joint capsule following steroid injection defined intra-articular
positioning of the needle.

The accuracies of USGIs to the wrist and hand are overall higher than LMGIs, but because of the
paucity of studies, further research is required to make definite conclusions (Table 5).

Wrist and hand joints: efficacy

Four studies have compared USGIs and LMGIs to the wrist joint [7,51e53]. These studies report a
statistically and clinically significant benefit of USGI over LMGI in the reduction of wrist pain and
achievement of minimal clinically important improvement.

High-quality studies of other hand joints on the efficacy of LMGIs and USGIs are missing.

Soft tissues of the hand: efficacy and accuracy

Kume's randomised prospective study compared USGIs and LMGIs to 44 wrists with de Quervain's
disease (separate extensor pollicis brevis). Pain was significantly reduced more in the USGI group after
4 weeks in this prospective open-label study [54].

In another study, 77 symptomatic carpal tunnels were randomised to be injected by either LMGIs or
USGIs [55]. There were no complications in either treatment group. Compared with LMGIs, USGIs
resulted in a 77% reduction in injection pain, 63% reduction in pain scores, 93% increase in the
responder rate, 85% reduction in the non-responder rate, 71% increase in therapeutic duration and 59%
reduction in cost/responder/year for a hospital outpatient. All the figures were statistically significant.

In a study by Ustün et al., 46 patients with carpal tunnel syndrome were randomised to receive
either LMGI or USGI into the carpal tunnel [56]. The improvement in symptom severity scores in the
USGI group at 12 weeks was higher than those in the LMGI group (p < 0.05). Average time to symptom
relief was shorter in the USGI group (p < 0.05).

Lee et al. injected methylene blue dye into 40 flexor tendon sheaths of 5 cadavers using blind or
sonographic guidance. Dissection revealed that 70% of USGIs were successful, whereas only 15% LMGIs
were successful [57].

It can be concluded that USGIs are more accurate and efficient than LMGIs in carpal tunnel and
tendon sheath injections of the hand.

Advanced procedures in the hand

All advanced procedures require USGI to be performed, and therefore, there is no comparative study
with LMGI. Deeply located ganglion cysts can be aspirated and fenestrated with the help of US. Ulnar and
mediannervehydrodissectionscanbeperformedusinga largevolumeof injectate to release thenerve from
Table 5
The mean accuracies of injection to the wrist and hand joints in 8 studies. The number of studies are given in parentheses.

LMGI (%) USGI (%)

Wrist joint: clinical comparative study (1) 75 79
PIP and MCP joints: clinical comparative study (1) 65 96
Wrist joint: clinical LMGIs studies (2) 74 e

Wrist joint: clinical USGIs study (1) e 99
Scaphotrapeziotrapezoid joint: comparative cadaveric study (1) 80 100
Trapeziometacarpal joint: cadaveric USGIs study (1) e 94
Distal radioulnar joint: cadaveric USGIs study (1) e 100

LMGI, landmark-guided injection; USGI, ultrasound-guided injection.
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the adjacent soft tissue. US-guided techniques have been developed to release A1 pulleys with a surgical
hook knife or needle, and even carpal tunnel flexor retinaculum dissections can be performed under US
guidance. Further research is required to determine the efficacy, safety profile and cost-effectiveness of
these new procedures compared with traditional open procedures. US imaging plays an important role in
foreign body removal in the hand because it can detect all kinds of foreign bodies (metal, wood and glass).

Hip

Hip joint: accuracy and efficacy

There are no studies that directly compare USGIs and LMGIs to the hip joint. Five studies have
investigated LMGIs to the hip joint [58e62]. There is a great variation in the accuracies (51e93%), and
the mean figure of accuracy is 71% for LMGIs to the hip joint.

Four papers have investigated USGIs using MR arthrography or contrast-enhanced fluoroscopic/CT
for verifying the success of the injections [15,63e65]. Accuracies are very high, and the mean value is
99% (variation 97e100%).

Thus, intra-articular injections to the hip joint can be performed with high accuracy using USGIs,
whereas the accuracy of LMGIs is sub-optimal (Table 6).

There are no high-quality studies comparing the efficacy of USGI and LMGI to hip joints. In clinical
work, the diagnostic importance of US is highlighted because the clinical evaluation of hip joint
arthritis is very difficult because of its deep-lying position and complex surrounding structures in the
deep gluteal and femoral areas.

Soft tissue injections around the hip: efficacy and accuracy

Effectiveness of peritendinous USGI of corticosteroid for the treatment of gluteus medius tendin-
opathy has been investigated in 54 consecutive patients [66]. There was a 55% average reduction of
pain level after treatment (p < 0.001), and 1 month after treatment, 72% of the patients showed a
clinically significant improvement in pain level.

Finnoff compared the accuracy of US-guided piriformis injections with fluoroscopically guided
contrast-controlled piriformis injections in a cadaveric model [67]. Nineteen of the 20 USGIs (95%)
were correctly placed, and the liquid latex was found within the piriformis muscle, whereas only 6 of
the 20 fluoroscopically guided injections (30%) were accurate (p ¼ 0.001).

In another study, a single experienced operator completed 10 sonographically guided obturator
internus injections in five unembalmed cadaveric pelvis specimens [68]. The results showed that USGIs
to the obturator internus or its bursa are feasible andmay play a role in the diagnosis andmanagement
of patients presenting with deep gluteal pain syndromes.

USGIs are more accurate than LMGIs to and around the hip joint; however, there is a lack of good
quality efficacy studies.

Sacroiliac joint

Sacroiliac joint: accuracy and efficacy

There are considerable challenges in assessing the injection accuracy of the sacroiliac joint (SIJ). The
definition of accurate injection needs clarification as most techniques are reported for intra-articular
Table 6
The mean accuracies of injection to the hip joint in nine studies. The number of studies are given in
parentheses.

LMGI (%) USGI (%)

Clinical LMGIs studies (5) 71 e

Clinical USGIs studies (4) e 99

LMGI, landmark-guided injection; USGI, ultrasound-guided injection.
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injection into the more caudal synovial cavity, although in spondyloarthritis, there may be more
marked inflammation in the superior fibrous part of the joint, which requires a periarticular injection
because of the lack of a joint cavity. Moreover, in assessing the accuracy, the use of contrast is limited by
the small volume capacity of the joint.

There is a lack of high-quality evaluating the accuracy of LMGIs. Three studies have investigated the
accuracy of USGIs to the SIJ [69e71]. Pekkafahli et al. injected 60 SIJs, and the accuracy of USGIs was
76%, and the efficacy of injection was not reported [69]. Hartung et al. achieved an accuracy of 40% in
USGIs to SIJs with a reduction in pain score from 6.9 to 3.9 on a 0e10 scale 1 month later (p < 0.009).
Verification of the success of the injection (steroid plus gadolinium) was confirmed with MR scanning.
They noted that USGIs to the SIJ is challenging. Surprisingly, the pain and symptom control was equal in
both intra-articular and periarticular injections [70]. Klauser et al. injected SIJs in cadavers and re-
ported an accuracy of 80% with CT confirming the correct intra-articular needle position. The mean
pain relief was 8.6 on a 0e10 scale after 3 months [71]. Thus, more studies are required to confirm the
position of LMGI and USGI to the SIJ in terms of accuracy and efficacy.

The difficulty of visualising the needle in the SIJ can be addressed using an image fusion technique
where real-time US scanning can be matched to previously obtained CT or MR images. Klauser et al.
found this new technique to be reliable in both cadavers and patients, and intra-articular needle
positioning was possible [72].

Knee

Knee joint: accuracy

There are five clinical studies that have compared the accuracies of LMGIs and USGIs to knee joints
[7,73e76]. All the studies used contrast agent with radiography for the verification of the intra-articular
injection except one study that used positive aspiration as a sign of right needle position [76]. Themean
accuracies for LMGIs and USGIs were 70% (variation 32e84%) and 95% (91e97%), respectively.

Four clinical studies have examined the accuracy of LMGIs to the knee joint [1,10,77,78]. Contrast
agents with radiographs were used for the verification of the injections. The mean accuracy was 84%,
but again the variation was wide (66e100%). Toda et al. highlighted the need to change the injection
approach according to the severity of knee osteoarthritis (OA) to achieve injection accuracy [78].

Two clinical studies have investigated the accuracy of USGIs to the knee joint. One used US-guided
gadolinium for MR arthrography and reported an accuracy of 100% in the knee joints [15]. The other
study used contrast agent and radiographs, and the rate of injection accuracy varied depending on the
site injected [79]. Injections to the superolateral (100%) and mid-lateral portals (95%) showed signif-
icantly higher accuracy than injections to the medial portal (75%).

One cadaver study reported an accuracy of 100% for USGIs and 55e100% for LMGIs depending on the
experience of the operators [80]. Another cadaver study examined the accuracy for four different intra-
articular injection sites in the knee using LMGIs [81]. This study included 156 knees from 78 fresh
cadavers. Perfect accuracy could not be obtained through any of the portals. The best accuracy rate was
in the anterolateral injection portal (85%) and lowest was in the medial mid-patellar portal (56%).

A single study investigated injections to proximal tibiofibular joint in unembalmed cadavers [82].
All 12 US-guided latex injections were placed into the target (100% accuracy), whereas only 7of 12
injections were placed using LMGIs (58%).

According to the literature, USGIs to the knee joint are more accurate than LMGIs (Table 7).

Knee joint: efficacy and cost-effectiveness

Sibbitt [83] randomised 94 non-effusive knees with OA to corticosteroid injection by LMGI and
USGI. In this study, USGIs resulted in a 48% reduction in procedural pain (p < 0.001), 107% increase in
the responder rate (p < 0.001), 52% reduction in the non-responder rate (p < 0.001), 36% increase in
therapeutic duration (p ¼ 0.01), 13% reduction ($17) in cost per patient per year and 58% ($224)
reduction in cost per responder per year for a hospital outpatient (p < 0.001). The follow-up period was
6months. In another study [84], 64 knees with palpable effusionswere randomised to receive LMGIs or
Please cite this article in press as: Kane D, Koski J, Musculoskeletal interventional procedures: With or
without imaging guidance?, Best Practice & Research Clinical Rheumatology (2016), http://dx.doi.org/
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USGIs with corticosteroid. USGI resulted in 48% less procedural pain (VAS; palpation guided:
5.8 ± 3.0 cm, US guided: 3.0 ± 2.8 cm, p < 0.001), 183% increase in aspirated synovial fluid volumes
(p < 0.0001) and improved outcomes at 2 weeks (p ¼ 0.034).

In contrast, Toda et al. demonstrated no difference in efficacy between accurate and inaccurate
hyaluronic acid injections to the knee in patients with OA [78].
Soft tissues around the knee joint and advanced procedures

A study assessed using US the clinical changes of Baker's cyst of patients with knee OA after steroid
injection. In all patients, the cyst was aspirated under US guidance first. Twenty patients received
corticosteroid injection into the Baker's cyst and 20 received intra-articular injections [85]. At 4 and 8
weeks, cyst diameters measured by US were lower when the cyst was directly infiltrated than with
intra-articular injection (p < 0.01).

In a cadaveric model, 12 US-guided and 12 unguided pes anserinus bursa injections using coloured
liquid latex were performed on 24 unembalmed adult cadaveric lower extremity specimens. The order
of the injection techniques was randomised. After dissection, it was revealed that the accuracy rate was
92% (11 of 12 specimens) for USGI and 17% (2 of 12 specimens) for LMGI [86].

In another cadaveric study [87], a single experienced operator completed 24 USG popliteus tendon
sheath injections with diluted coloured latex: 12 using a longitudinal approach and 12 using a
transverse approach relative to the tendon. The results showed that USGI can be used to inject the
popliteus tendon sheath with a high degree of accuracy. The longitudinal approach was potentially
more accurate. Both approaches may result in injectate overflow into the knee joint, most likely
through the popliteus hiatus.

There is a current trend towards expanded applications of interventional musculoskeletal USG
procedures such as percutaneous patellar tenotomy, patellar tendon-Hoffa's fat pad hydrodissection,
meniscal cyst aspiration, pericruciate ganglion cyst aspiration, fibulotibial joint injection and fibular
nerve hydrodissection at the knee joint level. There is a paucity of high-quality studies on these
techniques, but research is ongoing.

Soft tissue anatomic structures around the knee joint can be more accurately injected using USGIs,
but in terms of efficacy, the final conclusion on the role of USGI and LMGI cannot be made.

Ankle and foot

Ankle and foot: clinical studies of accuracy and efficacy

Relatively few clinical studies have been conducted in this area. One study compared LMGIs and
USGIs to the ankle joint and found that the accuracies were 58% and 85% (p ¼ NS), respectively [7]. In
the paper by Jones et al. [1], the accuracy of ankle joint LMGIs was 66%. A single paper has examined
both the accuracy and efficacy of LMGIs to the ankle joint [10] and reported an accuracy of 77%. The
authors noted that significant improvement was seen in the VAS for pain, oedema and morning
stiffness. The accuracy of the LMGIs to the ankle joint in clinical studies seems sub-optimal, but the
benefit of USGIs with respect to accuracy and efficacy requires further investigation.
Table 7
The mean accuracies of injection to knee join in 13 studies. The number of studies are given in parentheses.

LMGI (%) USGI (%)

Comparative clinical studies (5) 70 95
Clinical LMGIs studies (4) 84 e

Clinical USGIs studies (2) e 91
Comparative cadaveric study (1) 77.5 100
Cadaveric LMGIs study (1) 85 e

LMGI, landmark-guided injection; USGI, ultrasound-guided injection.
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Four comparative studies of LMGIs and USGIs concerning the efficacy of injections to the plantar
fasciitis have been performed [88e91]. In these studies, therewere altogether 140 patients randomised
to USGIs or LMGIs. The mean follow-up was 26 weeks (12e56 weeks). In all papers, the result showed
that LMGIs were as efficient as the USGIs. In one paper, the recurrence rate of plantar fasciitis was
significantly higher when using LMGIs [89].

Ankle and foot: cadaveric studies of injection accuracy

There are a considerable number of cadaveric studies of injection accuracies in the foot and ankle.
Four studies compared LMGIs and USGIs to different joints and soft tissues using coloured latex so-
lution and dissection after the injection procedure (the dissecting anatomists were blinded to the
injection technique) [92e95]. One paper investigated the accuracy of LMGIs and USGIs to the ankle
joint with reported accuracies of 85% and 100%, respectively [92]. They also noted that the injection
accuracy into the sinus tarsi was 90% for USGIs and 35% for LMGIs. Khosla et al. concluded that intra-
articular injections to the subtalar and ankle joints can be successfully performed using palpation alone
(100% accuracy for both USGI and LMGI) [93], but USGIwas superior for injection to the first and second
tarsometatarsal joints (accuracy: LMGI 27% vs USGI 64%; p¼ 0.003). A third paper examined LMGIs and
USGIs to the peroneal tendon sheaths in 20 cadaveric lower limbs [95]. Their accuracies were 60% and
100%, respectively. In the fourth study, LMGIs and USGIs were performed into the deep and superficial
posterior leg compartments by a less experienced and a more experienced clinician [94]. The result
showed that these injections were equally accurate with palpation guidance regardless of the level of
experience and did not improve with the use of US guidance.

Accuracies of the LMGIs in cadaveric models have been investigated in two studies [96,97]. Heidari
et al. [97] examined whether an anteromedial or anterolateral approach is better when injecting into
the ankle joint. They used 76 ankles from 38 cadavers and noted accuracies of 77.5% and 86%,
respectively (p ¼ NS). Another paper investigated anterolateral and postero-lateral approaches to the
subtalar joint [96]. Twenty-three of 34 anterolateral injections (68%) and 31 of 34 (91%) postero-lateral
injections were successful (p ¼ 0.016).

USGIs have been investigated in three studies using cadaveric models [98e100]. Wempe et al. [98]
injected the first Metatarsophalangeal (MTP) joint in five cadavers and found that the USGIs showed
100% accuracy and that the latex injectate penetrated to the articular surfaces of the meta-
tarsosesamoid articulations. Smith et al. [99] examined the accuracies of three injection techniques to
the posterior subtalar joint. They found that anterolateral, postero-lateral and postero-medial
approach routes can be used equally by USGI with a high degree of accuracy. Finally, the paper by
Reach et al. [100] revealed that USGIs are 100% accurate when injecting into the first and second MTP
joints, ankle, Achilles peritendineous space, posterior tibial tendon sheath and flexor hallucis longus
sheath. The subtalar joint injections were 90% accurate.

The cadaveric studies confirm that USGIs to the foot and ankle joints and soft tissues are more
accurate than LMGIs (Table 8).

Synovial biopsies

Synovial biopsy and analysis of synovial tissue can provide valuable insights into the pathophysi-
ologic mechanism, disease status, therapy effect and prognosis of inflammatory joint diseases. The
most famous instrument for landmark-guided needle biopsy of synoviumwas designed by Parker and
Pearson [101], although its use is largely confined to the knee joint. The success rate reported for
collecting sufficient synovial tissue was 95% in the knee joint, but lower rates (81%) have been pub-
lished by Schumacher and Kulka in the elbow, wrist and ankle joints using this needle [102]. Moon et al.
used a FranklineSilverman needle in elbow, wrist and ankle biopsies, and the success rate was 68%
[103]. Needle biopsy of the synovium can be performed under fluoroscopy control using the Tru-Cut
needle. Beaule et al. obtained samples from the glenohumeral, elbow, wrist, hip, knee and ankle
joints using the Tru-Cut needle and reported a success rate of 81% [104]. The difference in the success
rates of synovial biopsy is because of technical difficulties, variable intra-articular inflammation of the
synovium and the fact that the operator is blind the macroscopic features of the synovium.
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Table 8
Themean accuracies of the injections to the ankle and foot joints and soft tissues in 12 studies. The number of studies are given in
parentheses.

LMGI (%) USGI (%)

Ankle joint: clinical comparative study (1) 58 85
Ankle joint: clinical LMGIs study (2) 71.5 e

Ankle joint 85 100
Sinus tarsi 35 90
Cadaveric comparative study (1)
Ankle and subtalar joints 100 100
I, II tarsometatarsal joint 27 64
Cadaveric comparative study (1)
Peroneal tendon sheaths 60 100
Cadaveric comparative study (1)
Posterior leg compartments 90 88
Cadaveric comparative study (1)
Ankle joint: anteromedial 77.5 e

Ankle joint: anterolateral 86 e

Cadaveric LMGIs study (1)
Subtalar joint: anterolateral 68 e

Anteroposterior 91 e

Cadaveric LMGIs study (1)
MTP 1 joint e 100
Cadaveric USGIs study (1)
Subtalar joint: different approaches e 100
Cadaveric USGIs study (1)
I, II MTP, ankle, Achilles peritend, tibialis posterior, flexor halluces longus tendon sheaths. Subtalar joint e 100
Cadaveric USGIs study (1) e 90

MTP, Metatarsophalangeal; LMGI, landmark-guided injection; USGI, ultrasound-guided injection.
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Koski et al. developed a US-guided biopsy method using portal and forceps, and representative
synovial tissue in adequate amounts for histopathological evaluationwas obtained from 33 of 37 cases,
showing a success rate of 89.2% [105]. Kelly et al. recently demonstrated that an US-guided needle
biopsy approach could be successfully used in a large prospective clinical study to harvest good quality
synovial tissue and RNA from patients with early inflammatory arthritis [106]. Ninety-three sequential
biopsy procedures were assessed from a total of 57 patients. Five different joint sites were biopsied
(knee, elbow, wrist, metacarpophalangeal and proximal interphalangeal). No significant complications
were reported following the procedure. No difference in pain, swelling and stiffness of the biopsied
joint before and after the procedure was demonstrated. A median of 14 biopsy samples was retrieved
from each procedure, with 93% of biopsy procedures yielding good quality tissue. The accuracy of US-
guided synovial biopsy is somewhere between those of the blind needle biopsy and two-portal system
needle arthroscopy. Similar to the needle arthroscopy, US also reveals the synovial hypertrophy and
vascularisation (using Doppler mode in US imaging), and the best biopsy site can thus be chosen. The
advantage of the US-guided biopsy method of the synovium is that it can be performed not only in the
knee but also in most joints of the body and even bursae and tendon sheaths [105,106]. The US-guided
synovium biopsy methods are interesting alternatives to other biopsy methods. These methods are
well-tolerated techniques that can be performed on an outpatient basis with low running costs.
However, there are currently limited data regarding the performance of US-guided synovial biopsy,
mainly from observational studies. Thus, it remains critical to evaluate its performance within the
clinical trials context against the current gold standard of arthroscopic biopsy [107].

Summary

US is the most applicable and feasible imaging modality for routine clinical use in guiding
musculoskeletal procedures. Although many studies have examined the role of imaging guidance for
injection, more studies are required regarding the use of US prior to injection that can alter the
pathological and anatomical diagnosis. This is a fundamental advantage of US over other imaging
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modalities in guiding injection. We have examined the literature on landmark-guided and US-guided
procedures in musculoskeletal diseases of the upper and lower limbs and of the SIJ. According to the
clinical and cadaveric studies, the US-guided technique is more accurate than the landmark-guided
technique in the glenohumeral, acromioclavicular, wrist, hand, hip, knee and foot joints, and in the
tendons of the biceps, wrist, hand hip, knee and ankle. Synovial biopsies are more accurate using an
US-guided method. In terms of accuracy, both methods work equally and the data are insufficient to
conclude for superiority of US-guided techniques in subacromial bursa, sternoclavicular, elbow, ankle
and SIJ injections. The superiority of the efficacy of USGI has been shown in a minority of the joint
regions including the subacromial bursa, wrist and hand (tendon sheath injections included), and knee
joint injections. Plantar fascia injection is equally efficacious using both methods. The data for other
anatomical area are presently insufficient to make any further conclusions. There is a trend towards an
expanded number of advanced applications of interventional musculoskeletal US that can also be
performed by a rheumatologist.
Practice points:

� There is clear evidence that the accuracy of LMGIs is sub-optimal, and USGIs are more ac-
curate in most anatomical areas

� Much less is known about the efficacy of the USGIs.

Research agenda:

� More studies are required to assess howUS alters the pathological anatomical diagnosis and
the accuracy and efficacy of USGIs in different anatomical areas.

� Which US-guided technique (direct or semi-guided) is the most appropriate in different
anatomical areas and clinical settings requires further research.
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