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Abstract

To compare the effectiveness of ultrasound-guided genicular nerve block (GNB) and physical therapy (PT) in patients with
chronic knee osteoarthritis. A prospective randomised study with 102 patients (45-70 years) was performed wherein the
patients received ultrasound-guided GNB (n=51) and PT (n=51) along with a standard home exercise programme. Scores
for pain on a Visual Analogue Scale (VAS), Western Ontario and McMaster Universities Osteoarthritis Index (WOMAC)
and 6-min walking test (6MWT) were assessed pre-treatment and at 2- and 12-weeks post-treatment. Both groups were
comparable for sociodemographic characteristics. VAS scores (in mm) in the ultrasound-guided GNB group at 0, 2 and
12 weeks were 7.01 +1.36; 3.71 +£2.18; 5.08 +2.22 (p<0.001) and 6.64 +1.99; 4.35+1.09; 5.25+1.33, (p<0.001) in the PT
group. While the increase in the 6GMWT test in the 2nd week was similar for both groups (p=0.073), the increase in walking
distance was greater in the ultrasound-guided GNB group at 12 weeks (p =0.046). As compared to PT, ultrasound-guided
GNB is beneficial in reducing pain and increasing functional and physical capacity, with greater retention of effects on the
physical capacity seen at 12 weeks. Trial registration number: ClinicalTrials.gov (NCT04782401).
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Knee osteoarthritis (KOA) is a chronic joint disease that
leads to pain, disability and impaired quality of life, result-
ing in significant social and healthcare detriments worldwide
[1-3]. Furthermore, these public and economic implications
associated with KOA are expected to increase in the future
[1,2]. With a global increase in the proportion of the elderly
population, general obesity rates and consequently, the inci-
dence of KOA, clinicians are now focussing on novel treat-
ment strategies [1]. Currently, both non-surgical and surgical
interventions are used for managing KOA [1, 2]. Non-sur-
gical options include patient education, self-management
strategies, weight loss, physical therapy (PT), bracing or foot
orthosis, oral analgesics, non-steroidal anti-inflammatory
drugs, steroids, hyaluronic acid, platelet-rich plasma injec-
tions, prolotherapy, stem cell therapy and genicular nerve
blocks [1, 4], all of which aim to relieve pain, improve func-
tion and postpone the requirement for surgery.

PT is an established and evidence-based treatment
option to reduce pain and improve function in KOA [5, 6]
with the use of PT modalities, such as thermal treatments,
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therapeutic ultrasound, electrical stimulation and laser
therapy, which are known to modulate inflammation, while
being effective on pain, function and quality of life [6, 7].

On the other hand, genicular nerve block (GNB) is a
recently developed therapeutic option for KOA that tar-
gets the three sensory nerves of the knee: superior lateral,
superior medial and inferior medial genicular nerve, to
inhibit pain transmission to the central nervous system [4,
8]. Only a few studies have been conducted using GNB in
patients with chronic KOA which revealed a reduction in
pain and improvement in knee function [9-12]. Eventu-
ally, GNB gained popularity in the field of rheumatology
to modulate inflammation in patients with rheumatoid
arthritis [13]. Studies investigating the different methods
of administering GNB, i.e. ultrasound-guided versus fluor-
oscopy-guided GNB, in chronic KOA have reported no
difference in treatment efficacy between the two methods.
However, Kim et al. [12] stated that ultrasound is more
favourable for imaging since it does not require radiation
exposure.

Although both GNB and PT are beneficial in patients with
KOA, to our knowledge, no study has compared the effec-
tiveness of the two interventions. Therefore, this study aims
to compare the effects of ultrasound-guided GNB and PT
on pain and functional status in patients with chronic KOA.

Materials and methods
Study design

This single-blinded, prospective, randomised study was con-
ducted at the Ankara City Hospital-Physical Medicine and
Rehabilitation outpatient clinic, between March 2020 and
February 2021. This study was approved by the Local Ethics
Committee (E-18-1968) and conducted in accordance with
the Declaration of Helsinki; informed consent was obtained
from all participants. The trial was registered with Clinical-
Trials.gov (NCT04782401).

Study participants and procedure

The patients aged 45-70 years diagnosed with KOA using
the American College of Rheumatology criteria [14] and
having Kellgren-Lawrence grade 2 and 3 radiological
osteoarthritis [15] were enrolled in the study. Patients were
excluded if they had received a glucocorticoid or hyaluronic
acid injection, or oral glucosamine, or had undergone PT
for knee pain within the last 6 months, besides a history of
inflammatory arthritis, knee surgery, existing neurological
or mental disorders and pacemaker use.
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Randomisation

Sociodemographic characteristics (age, gender, body mass
index (BMI), education level) of all patients were recorded.
Then, they were randomised into two groups by an inde-
pendent researcher using a covariant-focussed randomisa-
tion/minimisation method, in which the researcher speci-
fied stratification according to factors (age and sex) that may
affect the intervention outcomes. The patients were then
assigned to intervention groups using computer-generated
randomisation of participant numbers.

The ultrasound-guided injections were administered by a
single physician having an experience of > 5 years in ultra-
sonography. Additionally, both groups received a standard
home exercise programme (detailed below). The outcome
measures were assessed by two independent physicians, each
evaluating one of the groups, who were not involved in the
randomisation or treatment stages. The assessments were
performed at three time points: before the treatment, 2 weeks
and 12 weeks after the treatment.

Interventions
Ultrasound-guided GNB

We used a 12 MHz linear probe (Logiq 9, General Elec-
tric, Milwaukee, WI) for the intervention. The patient lay
supine with a pillow under the ipsilateral popliteal fossa
to visualise the injection site comfortably. A 6 ml solu-
tion—mixing 5 ml of 2% lidocaine and 1 ml of 40 mg triam-
cinolone, was injected under ultrasound guidance using 23
G (0.6 X 60 mm) needles into the superomedial, inferomedial
and superolateral genicular nerve branches equally.

The intervention was carried out as described by Yilmaz
et al. [16]. First, the femoral epicondyle was determined by
the transducer; then, the genicular arteries running in this
periosteal region were projected and verified by colour Dop-
pler flow (Fig. 1). Our injection points were the branches of
the genicular nerve associating with the superomedial, infer-
omedial and superolateral branches of the genicular artery.
The in-plane technique was preferred for best visualisation
during injections (Fig. 2).

Physical therapy

In the PT group, all interventions were given with the patient
in supine and knees extended. First, the superficial heating
was applied using a moist hot pack for 20 min, followed by
ultrasonic therapy using a 3 cm?-headed transduce in contin-
uous mode at 1 MHz frequency and 1.5 Watt/cm? for 5 min
(Eletronica Pagani, Paderno Dugnano, Italy) in a rounding
manner to achieve deep thermal effects. Next, conventional
transcutaneous electrical nerve stimulation was applied
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Fig. 1 Sonographic image of the inferomedial genicular artery

Fig.2 The in-plane needle for inferomedial genicular nerve block

(TENScare, Surrey, United Kingdom) with 4 surface elec-
trodes of 5-7 cm size each surrounding the knee (2 above
and 2 below the patella), with a maximum 100 Hz pulse, for
20 min. The intensity was adjusted as per the patient’s toler-
ance limit. A total of 10 PT sessions were given for 5 days a
week by the same physician.

Exercise programme

Both groups received an additional home exercise pro-
gramme, including isometric and isotonic quadriceps
strengthening, hamstring stretching and knee range-of-
motion exercises 10 repetitions of each exercise in a ses-
sion, 3 sessions a day, 3 days a week. All exercises were
demonstrated to the patient in detail.

The patient was instructed to put a rolled towel at the
back of the knee in a sitting position with the knee extended,
then compress the towel forcing the knee into hyperexten-
sion for 5 s and release serially for isometric quadriceps

strengthening. Next, the patient lay supine and raised the
involved leg for 10 cm above the bed in a straight posi-
tion holding for 5 s, and moved back down. For the iso-
tonic quadriceps strengthening, the patient was instructed
to straighten the knee into full extension while sitting and
holding for 5 s, and then flex the knee to 90° serially, in the
first week. In the second week, the patient performed the
same exercise with 0.5 kg weight tied to the ankle. Active
hamstring stretching was performed by flexing the ankle in
a dorsal position while flexing the trunk in a sitting position.
For the range-of-motion exercises, the patient was instructed
to flex and extend the knee in the maximum tolerable ranges
serially [17].

Primary outcome measurement
Pain assessment

A 10-mm Visual Analogue Scale (VAS), where 0 mm indi-
cated no pain, and 10 mm indicated severe pain [18] was
used to record the knee pain; additionally, the duration of
pain was also recorded.

Secondary outcome measurement
Physical function

The Western Ontario and McMaster Universities (WOMAC)
index was used to evaluate knee functionality. It consists of
three subscales: Pain (5 questions), stiffness (2 questions)
and function (17 questions). The total scores range from
0 to 96, with higher scores indicating poor functionality.
The validity and reliability of the WOMAC index have been
demonstrated in Turkish patients with KOA [19].

Physical capacity

The 6-min walk test (6MWT) was used to evaluate physical
capacity. Patients were asked to walk on a 30-m corridor
marked with 3-m intervals for 6 min at their preferred speed;
rest or alteration in walking speed was allowed if needed.
The maximum distance covered in 6 min throughout the
30-m corridor was measured [20].

Our primary end point was to achieve a decrease of 40%
in overall VAS score at second week.

As side effect parameters, it was questioned whether there
was new-onset pain, swelling, redness, itching or any dis-
comforting feeling in the treated area for both groups.

Statistical analysis

Power analysis was conducted by G*power version 3.0.10
to estimate the sample size. To gain the power of 0.80 (x
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(Type I error) =0.05), a sample size of 51 was obtained for
each group. Effect size calculated according to our pilot
study as 0.23 (Baseline-second week VAS mean and SD
values were used).

All analyses were carried out using SPSS version 23.0
(IBM Corporation, Armonk, New York, USA). Normality
was tested using the Shapiro—Wilk test and the continu-
ous data were reported as mean and standard deviation
or median (minimum-maximum). The two groups were
compared using Student’s #-test or Mann—Whitney U test.
Categorical variables were reported as frequencies and
percentages. Outcomes at baseline and the two follow-up
points were analysed using two-way repeated-measures
analysis of variance or Friedman test. A p value of <0.05

was considered for statistical significance and the 95%
confidence intervals were calculated.

Results

A total of 102 patients—51 in each group, were enrolled in the
study (GNB group—mean age =55.88 +7.62 years; Female:
Male=40:11; PT group—mean age=53.01+9.22 years;
Female: Male: 41:10). Eleven patients in the GNB group
and five patients in the PT group did not attend follow-up
controls, therefore, post-treatment analyses were completed
for 40 patients in the ultrasound-guided GNB group and 46
patients in the PT group. Figure 3 presents the flowchart of
study participants. Both groups were comparable in terms

Assessed for eligibility (n=124 )

Excluded (n=22 )

*History of knee enjection (n=7)
*History of glukosamin intake (n=5)
*History of knee surgery (n=4)
*History of inflammatory disease (3)
*History of neurological disease (2)

Randomized (n=102)

*Suprapatellar bursitis observed with
ultrasonography (1)

!

l [

Allocation

) l

Ultrasound guided genicular nerve block (n=51)

Physical therapy group (n=51)

[ Follow-Up (2"¢ week) ]

Lost to follow-up (n=7 )

Did not want to attend due to pandemic

Lost to follow-up (n=3 )

Did not want to attend due to pandemic

[ Follow-Up (12t week) ]

Lost to follow-up (n=4 )

Lost to follow-up (n=2)

| |

Analysis ] l

Analyzed (n=40)

Fig.3 Flowchart of the study participants
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Fig.4 Improvement in Visual
Analogue Scale (VAS) scores

Fig.5 Improvement in the
Western Ontario and McMaster
Universities (WOMAC) scores
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Fig. 6 Improvement in 6-min
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Table 1 Demographic and Clinical Variables at Baseline

Variables All patients (n=102) Genicular block (n=51) Physical therapy (n=51) p value
Age, (year) mean +SD (median; min—max) 54.45 +£8.56 (54; 41-80) 55.88 £7.62 (54; 45-80) 53.01+£9.22 (53;41-72) 0.077
Gender, n (%)
Female 81 40 (78.4) 41 (80.4) 0.807
Male 21 11 (21.6) 10 (19.6)
Educational status n (%)
Illiterate 439 4(7.8) 0 0.322
Primary school 39 (38.2) 18 (35.3) 21 (40.2)
High school 45 (44.1) 22 (43.1) 23 (45.1)
University 11(10.8) 5(9.8) 6(11.8)
Postgraduate 329 2(3.9) 1(2.0)
Marrital status, n (%)
Married 82 42 (82.4) 40 (78.4) 0.026
Single 9 7(13.7) 2(3.9)
Widowed 11 2(3.9) 9 (17.6)
Kellgren-Lawrence
Grade 2 65 (63.7) 32 (62.7) 33 (64.7) 0.837
Grade 3 37 (36.3) 19 (37.3) 18 (35.3)
Co-morbid diseases 70 (68.6) 38 (74.5) 32 (62.7) 0.200
BMI, mean+SD 29.86+4.33 30.94+4.02 28.78+4.39 0.059
VAS, mean + SD (median; min—-max) 6.87+1.81 (7; 1-10) 6.90+1.62 (7; 1-10) 6.84+1.89 (7; 2-10) 0.85
WOMAC, mean +SD 46.31+18.81 48.21+19.27 43.18+17.89 0.188
Pain 9.93+4.09 10.19+4.51 9.30+3.80 0.476
Stiffness (median; min-max) 3.88+2.29 (4, 0-9) 3.09+2.08 (4; 0-8) 4.61+1.60 (4;2-9) 0.012
Physical activity 31.72+12.98 33.73+13.43 27.74+12.92 0.069

6 MWT

365.26 +104.56

369.25+105.33

361.27+105.33

0.457

SD standard deviation, VAS Visual Analogue Scale, WOMAC Western Ontario and McMaster Universities Osteoarthritis Index, 6-MWT 6-min

walking test
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Table 2 Changes in clinical Clinical outcomes Genicular block (n=40) Physical therapy (n=46)
outcomes
Mean +SD p Mean +SD P
VAS
Baseline 7.01+1.36 6.64+1.99
2nd week 371+2.18 <0.001 4.35+1.09 <0.001
12th week 5.08+2.22 <0.001 525+1.33 <0.001
WOMAC-Total
Baseline 48.02+19.33 41.18+17.69
2nd week 24.85+17.04 <0.001 26.26+10.20 <0.001
12th week 36.91+1691 <0.001 37.82+13.91 0.001
WOMAC-Pain
Baseline 10.19+4.51 9.30+3.80
2nd week 4.69+3.41 <0.001 4.15+1.43 <0.001
12th week 7.85+4.51 <0.001 4.84+1.44 <0.001
WOMAC-Stiffness
Baseline 3.09+2.08 4.61+1.60
2nd week 1.38+1.48 <0.001 3.38+1.47 <0.001
12th week 2.04+1.90 <0.001 4.73+1.48 0.513
WOMAC-Physical activity
Baseline 33.73+13.43 27.74+12.92
2nd week 18.75+13.03 <0.001 18.10+7.16 <0.001
12th week 26.56+12.76 <0.001 28.45+11.89 0.691
6 MWT
Baseline 380.26 +101.29 362.68 +102.38
2nd week 458.33+139.99 <0.001 390.21 +87.99 0.001
12th week 445.95+139.65 0.354 378.22+79.89 0.025

SD standard deviation, VAS Visual Analogue Scale, WOMAC Western Ontario and McMaster Universities
Osteoarthritis Index, 6-MWT 6-min walking test

of age, gender, education level and BMI. Sociodemographic
characteristics and Kellgren-Lawrence scores of the patients
are presented in Table 1. There was no statistically signifi-
cant difference between the two groups.

A comparison of the VAS, WOMAC and 6MWT scores
between the groups is shown in Table 2. Improvement in all
parameters was observed at both 2 and 12 weeks after the
treatment in both groups (Figs. 4, 5 and 6). We observed no
statistically significant difference in the change in VAS and
WOMAC scores between the two groups.

The within-group comparison for all clinical variables
before and after treatment is shown in Table 3. While the
increase in the 6BMWT score at the 2nd week was similar
between the groups (p =0.073), the 6BMWT scores in the
ultrasound-guided GNB group were higher at the 12th week
(p=0.046).

No side effects were observed in either study group.

Discussion

This study aimed to compare the effectiveness of ultrasound-
guided GNB and PT for chronic KOA. We observed that
ultrasound-guided GNB provides comparable benefit as PT
on pain and knee function at 2 weeks and 12 weeks after
treatment. Additionally, the improvement in gait (6MWT)
was sustained for up to 12 weeks and lasted longer than the
PT group.

Multiple studies have reported improvement in pain and
function with PT for KOA [10, 21-24]. On the other hand,
ultrasound-guided GNB is an emerging treatment option
that aims to control pain by inhibiting knee innervation. A
recent study comparing ultrasound-guided versus blinded
GNB injections revealed the superiority of ultrasound-
guided injections in improving the functionality in KOA
patients [25]. Thus, our functional improvement findings
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Table 3 Intergroup comparison Variables
of clinical variables before and
after treatment
VAS

Baseline—2nd week
Baseline—12th week
WOMAC
Baseline—2nd week
Baseline—12th week
WOMAC-pain
Baseline—2nd week
Baseline—12th week
WOMAC-stiffness
Baseline—2nd week
Baseline—12th week
WOMAC-physical activity
Baseline—2nd week
Baseline—12th week
6 MWT
Baseline—2nd week
Baseline—12th week

3.28+0.32 2.28+0.18 0.652
1.91+0.31 1.35+£0.13 0.823
23.36£3.31 15.55+£2.54 0.264
11.31+£2.57 3.99+1.90 0.491
5.51+0,75 5,15+0,62 0.329
2,33+0,63 4.46+0.63 0.059
1.74+0,33 1.23+0.32 0.063
1.04+0.31 -0.11+2.68 0.001
14.98 +£2.26 9.64+1.85 0.205
717+£1.77 -0.71£1.76 0.467
78.06+14.75 27.53+£6.55 0.073
65.68+15.75 15.53+£6.68 0.41

SD standard deviation, VAS Visual Analogue Scale, WOMAC Western Ontario and McMaster Universities
Osteoarthritis Index, 6-MWT 6-min walking test

can also be attributed to precision attained by the ultra-
sound-guided administration of the anaesthetic solution.

Demir et al. [26] reported a patient with KOA who was
previously unresponsive to conservative therapies and
showed dramatic improvements in the VAS and WOMAC
scores at 4 weeks (baseline: 80 mm and 96 and post-
treatment: 10 mm and 5, respectively) and persisting up
to 24 weeks (0 mm and 4 respectively) when treated with
ultrasound-guided GNB. We also observed pronounced
improvement in these scores at the 2 weeks follow-up;
however, unlike their study, we observed a slight increase
in the scores between the 2 post-treatment assessments.
This is possible since their result was based on a single
patient, whereas, we had a sufficiently large study sample.
In addition, physical capacity was also evaluated in our
study, and the increase in the 6-min walking test continued
until the 12th week, which is a remarkable result of our
study.We believe that the findings of our study would
contribute to further studies and literature about the
procedure.

Yilmaz et al. [16] compared GNB under ultrasound guid-
ance with and without additional intra-articular corticoster-
oid injection in patients with KOA. Unlike our study, they
used a local anaesthetic as GNB solution and the corticos-
teroid solution was injected intra-articular and observed sig-
nificant improvements in pain and function in both groups.
Other authors have also reported that combining corticoster-
oids with a local anaesthetic provides a long-term analgesic
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effect [27]. Nevertheless, we were able to obtain comparable
results without intra-articular administration of corticoster-
oid, and this approach may have protected us from iatrogenic
concerns, such as the risk of septic arthritis.

In a recent study by Elsaman et al. [13], GNB and intra-
articular triamcinolone were injected in patients with
rheumatoid arthritis, and GNB was shown to be effective
not only in improving pain and function but also in reducing
inflammation. They also noted that the decrease in the
power Doppler score continued till the 12th week in the
GNB group, but there was a rapid rebound effect seen in
the intra-articular injection group and the power Doppler
score increased again at the 12th week. Therefore, it can be
deduced that GNB may be a potential treatment option for
inflammatory arthritis.

This study has some limitations. First is the lack of a
control group. However, we tried to address this limitation
by providing a standard home exercise programme to
both groups besides their respective group intervention.
Secondly, exercise compliance was assessed only by
patients’ verbal confirmation. It would have been more
appropriate to carry out their exercise session in a hospital
setting under supervision. Lastly, the follow-up period
was relatively short. Therefore, there is a need for further
studies examining long-term effectiveness of ultrasound-
guided GNB on pain and function.
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Conclusions

Our results prove that pain reduction and functional
improvement by PT and ultrasound-guided GNB are
comparable, however, the increase in physical capacity
is greater with ultrasound-guided GNB persisting up to
12 weeks. Considering the frequency of treatment sessions
and the length of hospital stay, ultrasound-guided GNB
can be employed before PT, keeping in mind the current
scenario of healthcare service during the COVID-19
pandemic.
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