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Evaluation of loss of resistance technique using an air-filled injector to
enhance accuracy of landmark-guided knee joint injections

Hamit Goksu

Department of Pain Medicine, University of Health Sciences, Ankara Dr. Abdurrahman Yurtaslan Oncology Health Application and Research Center, Ankara, Tiirkiye

ABSTRACT

Objectives: This study aims to compare the accurate intra-articular contrast distribution ratios between the loss of resistance with an air-
filled injector (AFI) technique and the traditional landmark-guided knee injection in patients with knee osteoarthritis (OA).

Patients and methods: Between July 2023 and December 2023, a total of 65 patients (8 males, 57 females; mean age: 65.6+8.3 years;
range, 51 to 84 years) with Kellgren-Lawrence Stage 2-4 knee OA were randomly assigned to two groups as Group 1 (n=33) who
were injected with a mixture of a contrast agent and triamcinolone hydrochloride and as Group 2 (n=32) who were injected with a
5-mL syringe containing 2 mL of air. After the air in the syringe was removed by loss of resistance, a mixture of contrast agent and
triamcinolone hydrochloride was injected. Data including demographic and clinical characteristics of the patients were recorded. The
contrast distribution was visualized by fluoroscopy in both groups. The patient's pain after the knee injection was evaluated using the
Visual Analog Scale (VAS).

Results: The groups were similar in terms of age, sex, body mass index, Kellgren-Lawrence stage, VAS score, duration of knee pain, and
pain during knee injection (p>0.05). The accurate intra-articular contrast distribution ratios were 66.7% and 90.6% in Groups 1 and 2,
respectively (p=0.019). No variable was found to be associated with an accurate intra-articular injection ratio.

Conclusion: The AFI loss of resistance technique may significantly enhance the accuracy of landmark-guided knee injections and serve as

a practical alternative in outpatient settings where imaging is unavailable.
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Knee osteoarthritis (OA) is a prevalent health
issue worldwide, with its prevalence increasing with
age.l! Various treatment modalities are available
for the treatment of knee OA in clinical practice.’”
Exercises, weight management, education, oral or
topical nonsteroidal anti-inflammatory drugs, and
intra-articular steroid injections are the most
recommended methods, with high-level evidence.”
Jointinjectionsare frequently performed in outpatient
clinics by physicians of various specialties under
imaging guidance or using anatomic landmarks. The
drugs should be administered directly into the intra-
articular space rather than into the extra-articular
space, the anterior fat pad, or extra-synovial tissue to
achievethe maximumtherapeuticeffectand minimize

complications. To achieve accurate injection, the
knee injection may be performed under ultrasound
(US) or fluoroscopic guidance.”! However, imaging
modalities do not exist in every outpatient setting.
Therefore, landmark-guided injections still remain
the most commonly used method for knee joint
injections. Superolateral and anterolateral landmark
methods are the most widely used landmark-guided
techniques for knee joint injections. The accuracy
rates for knee injections using the superolateral
and anterolateral anatomical landmarks have been
reported to vary from 71 to 91%.°' Methods such
as attaching a syringe of injectate to the needle and
applying slight pressure to the plunger during needle
insertion to achieve a loss of resistance, as well as
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post-injection imaging with a 10-mL air-arthrogram
and fluoroscopy were used to improve the accuracy
of joint injections.!**

In the present study, we aimed to compare
the accurate intra-articular contrast distribution
ratios between the loss of resistance with an air-
filled injector (AFI) technique and the traditional
landmark-guided knee injection.

PATIENTS AND METHODS

This observational study was conducted at
Ankara Dr. Abdurrahman Yurtaslan Oncology
Health Application and Research Center,
Department of Pain Medicine between July 2023
and December 2023. Patients over 50 years of age
with Kellgren-Lawrence Stage 2-4 knee OA, no
additional pathology on radiography, and physical
examination findings to explain the knee pain,
and persistent pain despite medical treatment
were included in the study. Exclusion criteria were
as follows: fractures, malignancies, bone marrow
diseases, substance addiction, previous knee
surgery, active effusion in the knee joint, a bleeding
disorder hindering joint injection, systemic or any
local infection, Stage 1 knee OA, and a history
of knee injection in the previous six months.
Finally, a total of 65 patients (8 males, 57 females;
mean age: 65.6£8.3 years; range, 51 to 84 years)
who met the inclusion criteria were recruited.
Using computer-assisted randomization,® the
patients were randomly assigned to two groups as
Group 1 (n=33) who were injected with a mixture of
a contrast agent and triamcinolone hydrochloride
and as Group 2 (n=32) who were injected with a
5-mL syringe containing 2 mL of air. After the air
in the syringe was removed by loss of resistance,
a mixture of contrast agent and triamcinolone
hydrochloride was injected. Data including
demographic and clinical characteristics of the
patients were recorded. A written informed consent
was obtained from each patient. The study protocol
was approved by the Health Sciences University,
Dr. Abdurrahman Yurtaslan Ankara Oncology
Health Practice and Research Center Clinical
Research Ethics Committee (Date: 09.06.2023,
No: 2023-08/284). The study was conducted in
accordance with the principles of the Declaration
of Helsinki.

Knee joint injections were administered to all
patients in the supine position with the knee flexed
to 90 degrees using the anterolateral approach,
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1 cm proximal to the joint line, lateral to the
patellar tendon. The needle was directed toward
the intercondylar notch after cleaning the injection
area with betadine." In Group 1, the patients
were injected with 1 mL of a mixture of contrast
agent (iohexol) and triamcinolone hydrochloride
(5 mg/mL) in a 5-mL 21-G syringe, following the
sensation of the intra-articular space. The patients
in Group 2 were injected with a 5 mL 21-G syringe
containing 3 mL of air. After the air in the syringe
was removed with the loss of resistance, 1 mL of
a mixture of contrast agent (iohexol; Omnipaque®
300 mg/mL vial, GE Healthcare Ireland, Cork,
Ireland) and triamcinolone hydrochloride
5 mg/mL (1 mL; Kogak Pharma®, Istanbul, Tiirkiye)
was injected. Following the procedure, contrast
material distribution was visualized by fluoroscopy
in both groups and the frequency of intra-
articular contrast enhancement was documented.
The procedure was repeated under fluoroscopy
guidance in patients without intra-articular contrast
enhancement. The procedural pain of the patients
was evaluated by a nurse using the Visual Analog
Scale (VAS) of 0-10.

Statistical analysis

Study power analysis and sample size calculation
were performed using the G*Power version 3.1.4
software (Heinrich Heine Universitat Disseldorf,
Diisseldorf, Germany). According to the comparison
of accuracy rates between the two methods (89%
vs. 58%) as described by Chernchujit et al.,™ it was
calculated that 60 patients, 30 in each group, were
required with a 0.580 effect size, 5% of margin of
error of and 80% study power.

Statistical analysis was performed using the IBM
SPSS version 27.0 software (IBM Corp., Armonk, NY,
USA). The normality of numerical data distribution
was examined using the Shapiro-Wilk normality
test. Normally distributed continuous variables
were presented in mean + standard deviation (SD),
while non-normally distributed ones were presented
in median and interquartile range (IQR; 25%-75t%
percentiles). Qualitative data were presented in
numbers and frequencies. Categorical variables were
analyzed using the Fisher exact test to compare
the groups. Numeric variables with parametric
distribution were compared using the independent
samples t-test, equality of variances was tested with
the Welch t-test, and non-parametric variables were
analyzed using the Mann-Whitney U test. Binary
logistic regression was performed to determine
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Figure 1. Ratio of inaccurate and accurate contrast spread of
the groups.

which variables were associated with the ratio of
accurate intra-articular injections. The confidence
interval was set at 95%, and the accepted margin
of error was 5%. A p value of <0.05 was considered
statistically significant.
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RESULTS

The non-intraarticular and intraarticular
contrast distribution ratios are shown in Figure 1.
The intra-articular contrast distribution rates were
66.7% and 90.6% in the traditional technique and
AFI groups, respectively (p=0.019). The groups were
similarintermsofage, sex,and body massindex (BMI)
(p>0.05). The sociodemographic characteristics of
the groups are given in Table 1. The clinical features
of the patients, categorized by group, are presented
in Table 2. The ratios of Kellgren-Lawrence stage,
VAS score, injection side, pain duration, and pain
after knee injection were similar between the groups
(p>0.05). An example of accurate injection using the
loss of resistance technique and inaccurate injection
with traditional methods is illustrated in Figure 2.

No complications were observed in any of the
patients. Binary logistic regression analysis, which
included age, BMI, sex, OA stage, painful side, and
treatment groups, revealed no significant variables
that increased the odds ratio (OR) for accurate
intra-articular contrast distribution in either group
(p>0.05), except for in favor of AIF technique above
traditional technique (OR=4.25, 95% CI: 1.003-
18.282; p=0.039).

TABLE 1
Sociodemographic features of the patient groups

Group 1 (n=33) Group 2 (n=32)
n % Mean+SD n % Mean+SD p

Age (year) 65.9+8.6 65.1+8.2 0.664
Sex 0.258

Female 27 81.8 30 93.8

Male 6 18.2 2 6.2
Body mass index (kg/m?) 29.3+4.9 26.816.5 0.085
Occupation *

Housewife 25 75.8 28 87.5

Retired 7 21.2 1 3.1

Worker 1 3.0 1 3.1

Officer - - 2 6.3
Marital status *

Married 24 72.7 25 78.1

Widow 9 27.3 7 21.9
Education *

Illiterate 5 15.2 6 18.8

Primary school 20 60.6 20 62.5

Intermediate school 6 18.29 3 9.4

High school 2 6.1 1 31

University = = 2 6.3
Smoking 4 12.1 2 6.3 *
SD: Standard deviation; * Not evaluated because of a low number of cases, which does not meet chi-square test criteria.




96

Turk J Phys Med Rehab

TABLE 2
Clinical features of the injection groups

Group 1 (n=33) Group 2 (n=32)
n % Median IQR n % Median IQR p

Systemic diseases *

Hypertension 13 39.4 10 31.3

Diabetes mellitus 5 15.2 2 6.3

Coronary arterial disease 2 6.1 - -

Asthma 2 6.1 -

Hypothyroidism - - 2 6.3

Others 2 6.1 -
Kellgren-Lawrence stage 0.930

2 6 18.2 7 21.9

3 17 51.5 16 50.0

4 10 30.3 9 28.1
VAS score 7.0 1.0 7.0 2.0 0.362
Side of pain/injection 0.890

Right 18 54.5 18 56.3

Left 15 45.5 14 43.8
Duration of pain (months) (median; IQR) 12.0 15.0 15.5 14.0 0.389
Pain in injection (median; IQR) 3.0 1.0 3.0 1.0 0.863
Proper contrast spread (n/%) 22 66.7 29 90.6 0.019
IQR: Interquartile range; VAS: Visual analog scale; * Not evaluated because of a low number of cases, which does not meet chi-square test criteria.

DISCUSSION

Knee OA is one of the most common conditions
seen by physicians managing pain in the growing
elderly population. There are various treatment
modalities for knee OA, including exercise, weight
loss, analgesic agents, physical therapy, acupuncture,
viscosupplementation, thermal modalities, intra-
articular steroid injections, platelet-derived growth
factors, mesenchymal stem cell therapy, and,

ultimately, surgery.''¥ Intra-articular knee joint
injections have been used for a long time for knee
OA and are most commonly performed in knee
injections, although many different substances have
emerged in recent years. Intra-articular steroid
is recommended for pain relief in the American
College of Rheumatology (ACR) and Osteoarthritis
Society (OARSI)
guidelines."® Although imaging modalities such
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Figure 2. Inaccurate (a) and accurate (b) contrast spread.
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as US and fluoroscopy are widely used, knee joint
injections are still most commonly performed using
the landmark method in clinical practice. However,
US-guided injections have been shown to be more
accurate than the landmark technique.!'®"”

Ultrasound guidance may not be necessary for
easily accessed joints such as the knee. Also, US
may not be available in every outpatient setting.
Fluoroscopy is commonly used to guide joint
injections, as it is widely available, cost-effective,
rapid, and easy to use.' Fluoroscopy also enables
us to visualize the contrast injection, the needle's
position and location within the joint, the integrity
of the bone, and any additional pathologies.! There
is no concern about loss of needle image as with US.
However, fluoroscopy has certain disadvantages,
such as radiation exposure, and cannot be performed
in outpatient rooms.

To date, wvarious approaches have been
defined and used for landmark-guided knee
injections.®! Superolateral and anterolateral
approaches are commonly used. The anterolateral
approach has been shown to be more accurate
and less painful in some studies.*') However, a
systematic review revealed that the superolateral
approach (91%) was more accurate than the
midpatellar (85%), anterolateral (67%), and
anteromedial (72%) approaches.?? Also, a modified
anterolateral approach was described in patients
with knee OA by Chernchujit et al.¥ They found
that this new technique led to a higher accuracy rate
than the superolateral technique. The authors used
a 10-mL air injector and observed air backflow in
both groups. The accuracy rate of the anterolateral
approach in this study was 66.7%, which is similar
to the accuracy ratio reported in the review
mentioned above. The low accuracy rates highlight
the importance of accurate intra-articular needle
placement guided by imaging. Oo et al.?!l reported
that US-guided intra-articular injections achieved
superior outcomes compared to landmark-guided
injections. Varlotta et al.?? showed that hyaluronic
acid injection into the suprapatellar recess under
US guidance spreads into the tibiofemoral joint
in fluoroscopic confirmation. Therefore, imaging
modalities may not be available in outpatient clinics,
and using imaging techniques requires more time
for physicians. In the outpatient setting, the time
needed for imaging-guided injections may not
always be feasible, particularly in Tiirkiye, where
there are many patients per outpatient clinic. In our
study, we found an extremely high accuracy rate of
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90.6% using an AFI, suggesting that this technique
may enhance the perception of joint sensation.
Nevertheless, the AFI technique could not be as
valuable as imaging. Additionally, the VAS pain
score in the AFI technique was comparable to that
achieved with the traditional anterolateral injection.

The main limitations to this study include
its relatively small sample size, the lack of
patient-reported outcome measures and long-term
follow-up, and the inclusion of patients who received
only steroid injections.

In conclusion, our study results suggest that the
AFI loss of resistance technique may significantly
enhance the accuracy of landmark-guided knee
injections and serve as a practical alternative in
outpatient settings where imaging is unavailable.
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