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Introduction
Knee osteoarthritis (OA) results in the progressive loss of the artic-
ular cartilage, severe pain, and disability in the affected joint.1–6 As 
the condition is chronic and nonfatal, it can significantly impact an 
individual’s long-term quality of life.6,7 The goals of OA manage-
ment are to reduce pain, improve function, slow progression of the 
disease, and delay surgical intervention.1,3,5

Intra-articular injections, such as a corticosteroid (CS) and 
hyaluronic acid (HA), may be used to treat knee OA after more 
conservative methods fail.8–16 They may be administered via a 
number of different techniques.17,18 These various approaches 
have been experimented to find the most accurate method of 
injection that provides optimal therapeutic effect and limits 
damage to the surrounding joint structures; however, results 
have been variable and there is still little consensus in the cur-
rent literature.18–22 Incorrect placement of the needle also 
causes more pain and discomfort to the patient during and 
after the procedure, which can have implications on the effi-
cacy of the product being injected.20 Considering the cost for 
such a small volume of product, research on this topic is essen-
tial to determine whether the injection technique could influ-
ence clinical outcomes.22,23

The Cingal 13-01 trial was a randomized trial evaluating a 
cross-linked sodium hyaluronate (Monovisc) combined with a 

CS (triamcinolone hexacetonide) injection, known as Cingal, 
for the treatment of knee OA. In this study, physicians injected 
the product using 1 of 3 approaches: anterolateral, anterome-
dial, or lateral midpatellar. The injection technique was the 
choice of the treating physician, presumably based on their 
technical skill set and personal preference. The results of this 
trial showed that patients treated with Cingal experienced sig-
nificantly greater pain reductions than both the Monovisc and 
saline groups up to 3 weeks postinjection and from 12 to 
26 weeks compared with the saline group only.24 The purpose 
of this subgroup analysis was 2-fold: (1) to determine whether 
the effect of Cingal, as seen in the primary study, was signifi-
cant within each of these injection techniques and (2) to deter-
mine whether pain reductions were similar between injection 
techniques across all treatment groups.

Methods
The Cingal 13-01 (NCT01891396) was a randomized, dou-
ble-blind, saline-controlled, multicenter clinical trial that com-
pared Cingal with both Monovisc and saline. Cingal is a 
single-injection, cross-linked sodium hyaluronate (Monovisc, 
88 mg) combined with a CS (triamcinolone hexacetonide, 
18 mg), supplied as a 4-mL unit dose in a 5-mL syringe.24 
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Monovisc is a single-injection, cross-linked HA injection 
(molecular weight: 1000-2900 kDa) indicated for the treat-
ment of pain in knee OA.24 Table 1 presents the baseline char-
acteristics of the patients included in this trial. In short, the 
inclusion criteria of this study were patients diagnosed with 
Kellgren-Lawrence (KL) grade I-III knee OA, aged 40 to 
75 years with a body mass index (BMI) ≤40 kg/m2 and a base-
line Western Ontario and McMaster Universities Arthritis 
Index (WOMAC) pain score between ≥40 and ≤90 mm on a 
100-mm scale. Twenty-seven sites in Europe and Canada 
enrolled 368 patients with knee OA and followed them for 
26 weeks, with additional visits scheduled at 1, 3, 6, 12, and 
18 weeks. The randomization ratio of the study was 2 (Cingal):2 
(Monovisc):1 (saline).24 The primary outcome of the Cingal 
13-01 trial was the change from baseline WOMAC pain score 
in the intention-to-treat (ITT) population at 12 weeks postin-
jection (Supplementary Table 1).

The 3 physician-chosen injection techniques used in the 
13-01 trial were the anterolateral, anteromedial, and lateral 
midpatellar approaches. Both the anterolateral and anterome-
dial techniques use an arthroscopic (“portal analogue”) 
approach. With the knee flexed at 90°, the needle is introduced 
either lateral or medial to the patellar tendon and is directed 
upward toward the femoral notch (Figure 1).17 The lateral 
midpatellar approach is performed by directing the needle at a 
45° angle toward the middle of the medial aspect of the joint 
with the knee in extension (Figure 2).17

We conducted post hoc analyses of the primary outcome 
(WOMAC pain) for each of the 3 injection techniques to 
determine whether the effect of Cingal, as seen in the primary 
study, was significant within each of these subgroups. The ITT 
population included all randomized subjects who received 
treatment. We also evaluated changes in the WOMAC 

stiffness and function subscales as secondary outcomes. For 
exploratory purposes, we pooled the results of all patients 
receiving the same injection technique, regardless of treatment 
allocation, to determine whether pain reductions were similar 
between injection techniques across all treatment groups.

We performed statistical analyses using the SAS software 
9.1.3 or higher. We used the last pretreatment observation as 
the baseline value for calculating posttreatment changes from 
baseline. As the WOMAC is a continuous outcome variable, 
on a 0- to 100-mm scale, we compared treatment arms  
with an analysis of variance using the multiple imputation 
methodology. The multiple imputation methodology uses a 

Table 1.  Baseline characteristics of patients in the Cingal 13-01 trial by treatment arm.

Characteristic Cingal (n = 149) Monovisc (n = 150) Saline (n = 69)

Age, y (mean ± SD) 57.52 ± 8.39 59.19 ± 8.62 58.03 ± 9.02

Female, No. (%) 97 (65.10) 99 (66.00) 51 (73.91)

Body mass index, kg/m2 (mean ± SD) 28.9 ± 4.7 28.4 ± 4.5 29.1 ± 4.5

Kellgren-Lawrence grade, No. (%)

  I 36 (24.2) 24 (16.0) 17 (24.6)

  II 84 (56.4) 98 (65.3) 38 (55.1)

  III 29 (19.4) 27 (18.0) 14 (20.3)

  IV   0 (0.0)   1 (0.7)   0 (0.0)

WOMAC pain, mm (mean ± SD) 59.0 ± 12.4 61.0 ± 11.7 58.8 ± 10.6

WOMAC stiffness, mm (mean ± SD) 53.6 ± 19.3 57.2 ± 17.1 54.2 ± 17.9

WOMAC function, mm (mean ± SD) 55.0 ± 16.2 56.8 ± 16.8 55.8 ± 15.7

Abbreviation: WOMAC, Western Ontario and McMaster Universities Arthritis Index.

Figure 1.  Anteromedial and anterolateral approaches. Photograph of left 

knee. Crosses indicate the anteromedial and anterolateral approaches to 

injection of the knee joint. P indicates patella; PT, patellar tendon; TT, 

tibial tuberosity. Adapted from Douglas.17
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mixed-effects repeated measures model to predict any missing 
values. We considered a P value less than .05 to be statistically 
significant.

Results
A total of 368 patients were randomized into the Cingal 13-01 
study, with 85 patients receiving an anterolateral injection, 139 
receiving an anteromedial injection, and 144 receiving a lateral 
midpatellar injection. Within the anterolateral subgroup, 35 
patients (41.2%) were treated with Cingal, 36 (42.4%) with 
Monovisc, and 14 (16.5%) with saline. In the anteromedial 
subgroup, 54 patients (38.8%) were treated with Cingal, 59 
(42.4%) with Monovisc, and 26 (18.7%) with saline. In the lat-
eral midpatellar subgroup, 60 patients (41.7%) were treated 

with Cingal, 55 (38.2%) with Monovisc, and 29 (20.1%) with 
saline. Table 2 provides their baseline WOMAC subscale 
scores by injection technique and treatment arm.

Primary outcome

Cingal demonstrated significantly greater pain reductions 
than both Monovisc alone and saline up to 3 weeks postinjec-
tion in the anteromedial injection subgroup only (Table 3; 
Figure 3). There were no statistically significant differences in 
pain scores, at any time point, between treatment arms in the 
anterolateral or lateral midpatellar injection subgroup (Table 
3; Figures 4 and 5).

Secondary outcomes

In all injection technique subgroups, there were no statistically 
significant differences in stiffness scores between treatment 
arms from baseline to 26 weeks postinjection (Supplementary 
Table 2; Supplementary Figures 1 to 3).

Cingal demonstrated a significant improvement in function 
compared with saline at 1 week postinjection in the anterome-
dial injection subgroup only, but there were no significant dif-
ferences between Cingal and Monovisc (Supplementary Table 
3; Supplementary Figure 4). In both the anterolateral and lat-
eral midpatellar subgroups, there were no statistically signifi-
cant differences in WOMAC function between treatment 
arms at any time point (Supplementary Table 3; Supplementary 
Figures 5 and 6).

Exploratory analysis

Across all treatment groups, both the anterolateral and anter-
omedial techniques demonstrated significantly greater pain 

Figure 2.  Lateral midpatellar approach. Photograph of left knee. Patella 

(P) is circled. The tibial tuberosity is marked with a cross. Line in red 

circle indicates lateral midpatellar approach to injection of the knee joint. 

Adapted from Douglas.17

Table 2.  Baseline WOMAC subscale scores by injection technique and treatment arm.

Anterolateral WOMAC subscale Cingal (n = 35) Monovisc (n = 36) Saline (n = 14)

Pain, mm (mean ± SD) 60.2 ± 11.0 61.1 ± 11.5 60.3 ± 11.3

  Stiffness, mm (mean ± SD) 56.1 ± 17.4 59.7 ± 18.5 58.1 ± 17.2

  Function, mm (mean ± SD) 59.9 ± 11.9 58.5 ± 18.2 61.7 ± 10.7

Anteromedial WOMAC subscale Cingal (n = 54) Monovisc (n = 59) Saline (n = 26)

Pain, mm (mean ± SD) 59.2 ± 13.3 60.3 ± 12.3 61.4 ± 11.1

Stiffness, mm (mean ± SD) 56.6 ± 21.9 58.3 ± 16.7 59.6 ± 18.7

Function, mm (mean ± SD) 59.5 ± 16.7 61.0 ± 14.4 61.7 ± 15.3

Lateral midpatellar WOMAC subscale Cingal (n = 60) Monovisc (n = 55) Saline (n = 29)

Pain, mm (mean ± SD) 58.1 ± 12.4 61.7 ± 11.5 55.7 ± 9.3

Stiffness, mm (mean ± SD) 49.4 ± 17.3 54.5 ± 16.5 47.6 ± 15.9

Function, mm (mean ± SD) 48.1 ± 15.6 51.0 ± 16.9 47.7 ± 14.9

Abbreviation: WOMAC, Western Ontario and McMaster Universities Arthritis Index.

http://journals.sagepub.com/doi/suppl/10.1177/1179544117725026
http://journals.sagepub.com/doi/suppl/10.1177/1179544117725026
http://journals.sagepub.com/doi/suppl/10.1177/1179544117725026
http://journals.sagepub.com/doi/suppl/10.1177/1179544117725026
http://journals.sagepub.com/doi/suppl/10.1177/1179544117725026
http://journals.sagepub.com/doi/suppl/10.1177/1179544117725026
http://journals.sagepub.com/doi/suppl/10.1177/1179544117725026
http://journals.sagepub.com/doi/suppl/10.1177/1179544117725026
http://journals.sagepub.com/doi/suppl/10.1177/1179544117725026
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reductions than the lateral midpatellar approach at 18 and 
26 weeks postinjection only (Table 4; Figure 6). At 6 weeks, 
patients treated with an anterolateral injection experienced 
significantly greater pain reductions than those treated via the 
lateral midpatellar approach. Pain scores were not signifi-
cantly different between the 3 techniques at 1 and 3 weeks 
postinjection.

Discussion
The Cingal 13-01 trial provided evidence that in patients 
with knee OA, treatment with a cross-linked sodium hyaluro-
nate combined with a CS (triamcinolone hexacetonide) 
results in significantly greater pain reductions compared with 
both viscosupplementation alone and saline up to 3 weeks 
postinjection. In this study, intra-articular drug infiltration 

Table 3.  Change in WOMAC pain (100 mm) from baseline by study visit, injection technique, and treatment arm.

Injection technique Treatment arm Difference from baseline

Week 1 
(mean ± SD)

Week 3 
(mean ± SD)

Week 6 
(mean ± SD)

Week 12 
(mean ± SD)

Week 18 
(mean ± SD)

Week 26 
(mean ± SD)

Anterolateral (AL) Cingal −36.2 ± 21.5 −43.7 ± 18.7 −44.3 ± 19.1 −41.4 ± 21.2 −43.8 ± 18.7 −46.0 ± 15.8

Monovisc −34.2 ± 18.1 −40.7 ± 18.5 −45.3 ± 15.9 −45.2 ± 18.7 −44.7 ± 23.4 −44.5 ± 23.8

Saline −24.1 ± 14.0 −29.8 ± 13.2 −34.6 ± 12.8 −30.3 ± 18.6 −28.4 ± 25.9 −32.1 ± 25.7

ANOVA (P value) .1285 .0535 .1224 .0601 .0526 .1088

Anteromedial (AM) Cingal −38.2 ± 22.2 −43.1 ± 22.0 −43.0 ± 23.2 −43.9 ± 23.1 −42.4 ± 23.2 −46.4 ± 19.8

Monovisc −27.7 ± 24.0 −34.2 ± 24.5 −39.0 ± 23.2 −40.7 ± 24.5 −39.9 ± 25.1 −41.9 ± 24.0

Saline −27.1 ± 22.5 −30.4 ± 22.1 −38.2 ± 21.9 −32.8 ± 25.8 −37.0 ± 26.0 −36.6 ± 21.5

ANOVA (P value) .0312* .0383+ .5752 .1616 .6438 .1642

Lateral midpatellar (LM) Cingal −30.4 ± 18.7 −35.4 ± 18.3 −36.2 ± 18.7 −38.2 ± 17.4 −36.7 ± 18.2 −36.7 ± 18.1

Monovisc −28.8 ± 20.2 −31.8 ± 20.0 −35.3 ± 18.3 −33.1 ± 19.9 −33.1 ± 21.6 −34.1 ± 20.0

Saline −27.5 ± 16.0 −33.1 ± 18.4 −33.5 ± 21.8 −29.3 ± 24.8 −28.1 ± 21.6 −30.1 ± 24.1

ANOVA (P value) .7671 .5997 .8258 .1190 .1716 .3566

Abbreviations: ANOVA, analysis of variance; WOMAC, Western Ontario and McMaster Universities Arthritis Index.
*�Statistically significant result (P < .05). Cingal demonstrated a significantly greater reduction in pain at this visit compared with both Monovisc and saline (P = .0168 and 
.0458, respectively), with no significant difference between Monovisc and saline (P = .9154).

+�Statistically significant result (P < .05). Cingal demonstrated a significantly greater reduction in pain at this visit compared with both Monovisc and saline (P = .0449 and 
.0231, respectively), with no significant difference between Monovisc and saline (P = .4782).

Post hoc power analysis results at 12 weeks: 55% (AL), 38% (AM), and 43% (LM).

Figure 3.  Change in WOMAC pain (100 mm) from baseline in the anteromedial injection subgroup. WOMAC indicates Western Ontario and McMaster 

Universities Arthritis Index.
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was administered by 1 of 3 different injection techniques (ie, 
the anterolateral, anteromedial, or lateral midpatellar) at the 
discretion of the treating physician, as there is currently no 
standard approach to injection. The results of the subgroup 
analyses suggested that (1) treatment with Cingal might be 
most efficacious using the anteromedial technique and (2) 
both the anteromedial and anterolateral techniques may pro-
duce a more favorable outcome than the lateral midpatellar 
approach in the administration of any intra-articular therapy 
up to 26 weeks postinjection.

Although subgroup analyses are typically considered under-
powered,25 they are useful in identifying if certain baseline 
prognostic variables might have an influence on outcomes that 
could warrant further investigation. Although additional 
research with adequately powered studies is required, these 
results suggest that the anteromedial injection technique may 
be the preferred option for patients with knee OA receiving 

treatment with Cingal. This injection technique was the only 1 
of the 3 that resulted in significantly greater pain relief with 
Cingal compared with both Monovisc alone and saline up to 
3 weeks postinjection, as seen in the primary study (Cingal 
13-01 trial).

Douglas previously stated that both the anterolateral and 
anteromedial techniques are reported to involve little pain and 
discomfort, whereas Wind and Smolinski suggested that the 
lateral midpatellar approach may not be reliable for routine 
injections of low volumes of fluid into the knee, as it only 
results in good intra-articular delivery less than half the time 
with a high incidence of soft-tissue infiltration.17,22 The results 
of our exploratory analysis would agree with their conclusions. 
It is important to note, however, that such observations may 
not only be attributed to the effect of the injection technique 
itself but may also be due to a physician’s experience with the 
approach. Another caveat to this comparison is that a 

Figure 4.  Change in WOMAC pain (100 mm) from baseline in the anterolateral injection subgroup. WOMAC indicates Western Ontario and McMaster 

Universities Arthritis Index.

Figure 5.  Change in WOMAC pain (100 mm) from baseline in the lateral midpatellar injection subgroup. WOMAC indicates Western Ontario and 

McMaster Universities Arthritis Index.
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physician’s decision as to which injection technique is most 
appropriate may be influenced by where in the joint the OA is 
located. If this was the case among some of the study investiga-
tors, then the type of knee OA (eg, medial versus lateral com-
partment OA) could also explain differences in treatment 
responses.

Previous studies that compared these injection techniques 
offer conflicting recommendations. Jackson et  al20 recom-
mended using the lateral midpatellar approach as, according to 
their study, it resulted in the greatest accuracy (93%) relative to 
the anterolateral (71%) and anteromedial (75%) techniques 
while also citing that the lateral midpatellar approach allows 
the needle to pass through a minimal amount of soft tissue to 
reach the intra-articular space. Esenyel et  al26 also compared 
the accuracy of all 3 injection techniques and determined that 
the anterolateral approach was the most accurate (85%), but 

this was not statistically significant compared with the accuracy 
rates of both the anteromedial (73%) and lateral midpatellar 
(76%) techniques. After conducting a review of the literature, 
Januchowski and Overdorf18 stated that any of the approaches 
from the lateral side are consistently more accurate than the 
medial approach. Telikicherla and Kamath23 evaluated the 
anterolateral and lateral midpatellar techniques and calculated 
accuracy rates of 87.4% and 91.5%, respectively. Finally, in a 
systematic review with statistical pooling of accuracy rates, 
Hermans et al27 calculated estimates of 85% (95% confidence 
interval [CI]: 68%-100%), 72% (95% CI: 65%-78%), and 67% 
(95% CI: 43%-91%) for the lateral midpatellar, anteromedial, 
and anterolateral approaches, respectively; however, the studies 
included in this systematic review examined a range of differ-
ent patient populations. There is also limited research on 
whether there are certain considerations, related to factors such 

Table 4.  Change in WOMAC pain (100 mm) from baseline by study visit and injection technique.

Injection technique Baseline 
(mean ± SD)

Difference from baseline

Week 1 
(mean ± SD)

Week 3 
(mean ± SD)

Week 6 
(mean ± SD)

Week 12 
(mean ± SD)

Week 18 
(mean ± SD)

Week 26 
(mean ± SD)

Anterolateral (AL) 60.6 ± 11.3 −33.4 ± 18.8 −40.1 ± 17.7 −43.1 ± 16.7 −41.2 ± 19.7 −41.6 ± 21.9 −43.1 ± 20.8

Anteromedial (AM) 60.1 ± 12.5 −31.7 ± 23.0 −36.9 ± 23.1 −40.4 ± 23.0 −40.5 ± 24.2 −40.3 ± 24.5 −42.7 ± 21.9

Lateral midpatellar (LM) 59.0 ± 11.4 −29.2 ± 18.7 −33.6 ± 19.0 −35.3 ± 19.2 −34.5 ± 19.8 −33.6 ± 20.2 −34.4 ± 20.0

ANOVA (P value) — .2969 .0621 .0118* .0248* .0101* .0009*

AL vs AM (P value) — .8182 .4898 .5963 .9697 .9059 .9894

AL vs LM (P value) — .2915 .0527 .0139* .0608 .0245* .0071*

AM vs LM (P value) — .5597 .3621 .0868 .0514 .0318* .0027*

Abbreviations: ANOVA, analysis of variance; WOMAC, Western Ontario and McMaster Universities Arthritis Index.
Post hoc power analysis result at 12 weeks: 68%.
*Statistically significant result (P < .05).

Figure 6.  Change in WOMAC pain (100 mm) from baseline by injection technique.
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as a physician’s prior experience, the literature, or patient or 
disease characteristics, which might influence a physician’s 
decision to choose a particular injection technique over another.

One of the strengths of our study was that we acquired the 
data from a randomized clinical trial, ensuring comparable 
patient populations and similar distributions of prognostic vari-
ables between treatment arms at baseline.28 Second, we ana-
lyzed the data using the ITT principle, which allowed us to 
include all randomized patients into the analyses and maintain 
the prognostic balance achieved from the randomization pro-
cess.29–31 Also, the scale evaluated in our study (ie, the WOMAC) 
is a previously validated health measure developed specifically 
for patients with knee OA to assess their changes in pain, stiff-
ness, and physical function during clinical trials.32,33 A final 
strength of our analysis was that we determined comparative 
effects between treatment arms both in the short-term and 
longer-term follow-ups. Individual treatments may only have a 
significant effect for just a few weeks, whereas others may 
require a longer period of time before demonstrating any effi-
cacy at all. The ability to identify such differences would be 
clinically meaningful and could help physicians optimize ther-
apy for their patients to reduce symptoms throughout the dis-
ease’s progression. A weakness of our study was that the 
subgroup analyses were underpowered (the post hoc power 
analysis revealed that they had 38% to 55% power to detect dif-
ferences at a significance level of 0.05) and we cannot make any 
definitive conclusions based on their results. Our exploratory 
analysis may be confounded by the inclusion of patients who 
received saline injections; however, the randomization ratio of 
2:2:1 from the original 13-01 trial was preserved within each 
injection technique subgroup, and the proportions of those who 
received saline across these subgroups were similar. There was 
also imbalance in the sample sizes of the injection technique 
subgroups as just 85 patients received an anterolateral injection 
compared with 139 and 144 for the anteromedial and lateral 
midpatellar approaches, respectively. The trial investigators only 
included patients with a KL grade between I and III and a BMI 
≤40 kg/m2; therefore, we cannot generalize the results to patients 
with the most severe case of knee OA (KL grade IV) nor to 
those who are considered more obese. Also, further research 
should investigate whether differential effects might exist across 
these methods depending on OA severity. Another considera-
tion is that we did not know the proportion of patients who had 
an injection that was truly intra-articular and a re-evaluation of 
the outcomes that only includes such patients may have differ-
ent results. This study only enrolled patients from clinical sites 
in Canada and Europe, and it is possible that patients outside of 
these geographical locations may not have a similar response to 
these different therapies and injection techniques.

Conclusions
To provide some additional insight on the controversy sur-
rounding the various injection techniques, we conducted sub-
group analyses of a previous trial that demonstrated significantly 

greater pain relief up to 3 weeks with a sodium hyaluronate and 
CS combination (Cingal) relative to both sodium hyaluronate 
alone (Monovisc) and saline. In this trial, physicians adminis-
tered treatment using an anteromedial, anterolateral, or lateral 
midpatellar approach. Greater pain reductions with Cingal 
relative to both Monovisc and saline were statistically signifi-
cant up to 3 weeks in the anteromedial subgroup only, whereas 
pain reductions were not significantly different between these 
treatments at subsequent visits up to 26 weeks. Pain reductions 
were not significantly different between Cingal, Monovisc, and 
saline in the anterolateral or lateral midpatellar subgroup. A 
separate analysis revealed that across all therapies, both the 
anterolateral and anteromedial approaches resulted in signifi-
cantly greater pain reductions than the lateral midpatellar 
method at 18 and 26 weeks postinjection. Prior studies on the 
topic provide conflicting results, and additional investigations 
are required before we can make any definitive conclusions.
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