
Background: Endoscopic rhizotomy (ER) of the medial branch has been recently developed for 
the treatment of lumbar facet joint pain (LFJP). However, there are no studies comparing the pain-
free duration after ER and radiofrequency (RF). 

Objectives: To evaluate the long-term outcomes for pain and physical function in patients who 
underwent ER versus RF for LFJP and compare their pain-free survival.

Study Design: Open label, prospective, real-world study that includes patients treated with ER 
or RF at a single center between November 2017 and February 2020.

Setting: The research took place within a single university-based neuro-spine center.

Methods: Patients with a positive diagnostic medial branch block (≥ 80% pain relief) were treated 
with ER or RF. Numeric rating scale (NRS), Oswestry Disability Index (ODI), and Global Impression 
of Change (GIoC) were obtained at the baseline, and at 6 months and 12 months postoperatively. 
The duration of pain-free time was recorded at every follow-up. The final follow-up was conducted 
in March 2021.

Results: Of 55 patients with LFJP, 19 underwent ER, and 36 underwent RF. Both ER and RF groups 
showed significant decreases in NRS and ODI scores at 6 months and 12 months compared with 
baseline (P < 0.001). ER had significantly better efficacy than RF in NRS, ODI, and GIoC scores at 6 
and 12 months (P < 0.05). The pain-free survival curves showed that the median pain-free duration 
was 20 months and 10 months in ER and RF, respectively.

Limitation: Patients were not randomized to different groups, which may have led to bias.

Conclusions: Both ER and RF can improve the pain and physical function in patients with LFJP. 
ER is associated with a longer operative duration and medical expenses; however, it provides more 
sustained efficacy than RF. The surgical choice should depend on the patients’ specific conditions.
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AAccording to a worldwide study in 2019, 
low back pain (LBP) features among the 
top 10 conditions in the Global Burden of 

Disease and is comparable to heart disease, diabetes, 
and cancer (1). Various anatomical structures such as 
muscles, ligaments, fascia, nerves, interverbal disc, and 

joints can be responsible for LBP. About 27% to 41% of 
chronic LBP is understood to originate from traumatic or 
degenerative lumbar facet joints (2,3). The nociceptive 
signals produced by these joints were transmitted by 
2 medial branches of the dorsal ramus of the spinal 
nerve. Based on the anatomy, radiofrequency (RF) 
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denervation of medial branches following a positive 
diagnostic block is the commonly used procedure for 
lumbar facet joint pain (LFJP) (2,4).

Health services research reported that the facet 
joints interventions and their expenditures were sig-
nificantly increased in the United States, especially in 
RF (4,5). Traditional medial branch RF had a high recur-
rence rate within 12 months, which is always required 
for repeated interventions (6-9). To extend the duration 
of pain relief, various techniques have emerged for 
more sufficient coagulation of nerves, such as cooled 
RF, 2-needle RF technique, and parallel electrode ap-
proaches (10-12). In the past 2 decades, the endoscopic 
technique has shown advantages in minimally invasive 
spine surgery, which could magnify the tiny spinal 
structures in aqueous medium. This technique allowed 
for a new approach for denervation of facet joints, to 
directly visualize the medial branch under an endo-
scope and perform a thorough rhizotomy. 

Several studies have evaluated the outcomes of 
endoscopic rhizotomy (ER) for the treatment of LFJP 
(13-16). Of these, although one study compared the 
efficacy between ER and RF (16), the duration of pain 
relief after the 2 procedures was not discussed. To 
address this lack of data, we conducted a real-world 
study to compare the pain-free survival after ER and RF 
measured by the Global Impression of Change (GIoC), 
as well as to compare the improvement of pain and 
physical function in individuals with LFJP.

Methods

Study Design
The study was approved by the local institutional 

ethics committee. All patients provided written in-
formed consent.

Patients were enrolled between November 2017 
and February 2020 at a single medical center. The inclu-
sion criteria were: 1) patients referred to our clinic with 
chronic LBP of more than 6 months’ duration, which was 
unresponsive to conventional treatment including non-
steroidal anti-inflammatory drugs, opioids, muscle relax-
ants, or physical therapy; 2) suspected LFJP screened by 
pain pattern, physical exams, and imaging studies; and 
3) positive response to single diagnostic medial branch 
block with ≥ 80% reduction in LBP with local anesthetic 
(0.5-1 mL of 0.5% lidocaine). The exclusion criteria were: 
1) symptomatic lumbar disc herniation, 2) untreated 
coagulopathy, 3) inability to complete rating scales, 4) 
cognitive dysfunction, and 5) psychiatric illness.

The patients were divided into 2 groups: ER and RF. 
For patients with recurrent pain from previous medial 
branch RF and those with a history of pedicle screw 
fixation, ER was recommended. For patients < 60 years 
of age, RF was suggested (Fig. 1).

Procedure
Patients were positioned prone on a radiolucent 

fluoroscopy table. Pillows were placed under the upper 
abdomen to allow the lumbar spine to be moderately 
flexed. Under the C-arm radiographic guidance, the 
entry points and target points were marked on the 
skin. For L1-L4 medial branches, the puncture route 
was 15-30-degree lateral to the target point to avoid 
blocking by the superior articular process (SAP). For 
the L5 dorsal ramus, the puncture route was vertical to 
the target to avoid blocking by the posterior superior 
iliac spine. After disinfection by iodophor, the skin was 
anesthetized by 2-3 mL of 1.0% lidocaine.

For patients who were treated by ER, a puncture 
needle was introduced at the junction of the transverse 
process (TP) and the SAP. Once a satisfactory needle 
position was confirmed, the guidewire was inserted, 
and a skin incision measuring about 8-mm wide was 
made. The soft tissue was dilated by soft tissue dilators 
step by step, and the working cannula was inserted. 
After placing in the endoscope, the soft tissue cover-
ing the bone surface was cleared by endoscopic bipolar 
radiofrequency and grasper. The medial branches were 
identified based on 2 aspects: the morphology and 
direction of the nerves and the stimulus response by 
bipolar radiofrequency. Then, the medial branch was 
thoroughly dissected using a bipolar radiofrequency or 
scissors (Fig. 2). After retracting the endoscopy and can-
nula, the skin incision was stitched using an endothelial 
suture.

For patients treated with RF, the 20-gauge intro-
ducer needle was placed at the same position as the 
ER. Sensory (100 Hz) and motor (2 Hz) testing was per-
formed at each target site, and the stimulus threshold 
generally did not exceed 2V. Then, the RF lesions were 
performed for 120 s at 80°C at each site.

Clinical Evaluation
Clinical evaluation was administrated by an inde-

pendent interviewer who was blind to the patients’ 
assigned treatment group. Demographic data and 
procedure characteristics, including age, gender, pain 
duration, surgical history, fluoroscopy time, operative 
duration, and medical expenses were collected. The 
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Numeric Rating Scales (NRS) and Oswestry Disability 
Index (ODI) scores were obtained before diagnostic 
block. During the follow-up, NRS, ODI, and GIoC scores 
were obtained at the intervals of 6 and 12 months after 
the procedure. GIoC included 7 ranks ranging from 1 to 
7 (1 = very much improved; 2 = moderately improved; 
3 = slightly improved; 4 = no change; 5 = slightly wors-
ened; 6 = moderately worsened; 7 = very much wors-
ened). If a patient underwent reoperation because of 
recurrence of pain within the 6- or 12-month follow-
up, the surveys were obtained before the reoperation 
and were accounted for in 6- and 12-month follow-up, 
respectively. To evaluate long-term clinical outcomes 
and plot pain-free survival curves, every follow-up also 
recorded the pain-free duration, which was described 
as “very much improved” or “moderately improved” in 
the GIoC. The final follow-up was conducted in March 
2021 (Fig. 1). The annual medical expense was defined 
as medical expenses per procedure (in USD)/median 
pain-free duration (year).

Statistical Analysis
Demographic data were compared between 

groups using t-test, Pearson’s chi-squared test, Yates’ 
correction test, or Fisher’s exact test. Changes in NRS 
and ODI within and between groups were analyzed 
by independent t-tests. The GIoC between groups 
was analyzed by Mann-Whitney U test. Kaplan-Meier 
analysis was used for comparison of pain-free survival 
between groups, and the difference was analyzed by 
the Mantel-Cox test.

Results

Of the 60 patients enrolled in this study, 5 were 
lost to follow-up. The remaining 19 patients who un-
derwent ER and 36 patients who underwent RF were 
administered complete clinical evaluation.

The descriptive statistics of demographic data and 
procedure characteristics are summarized in Table 1. 
The ER group was significantly older, had a longer dura-
tion of pain, and a more frequent surgical history than 
the RF group (P < 0.05). With no significant difference 
in denervated joints, ER required less fluoroscopy time 
but more operative duration and medical expenses 
than RF (P < 0.05).

No serious adverse events (infection, hemorrhage, 
lower limb dysfunction) were reported in either group. 
Table 2 shows the changes in NRS, ODI, and GIoC scores 
in the 12-month follow-up. Both ER and RF groups 
showed significant decreases in NRS and ODI scores at 

6 months and 12 months compared with the baseline 
scores (P < 0.001). Based on the NRS and ODI scores, ER 
showed significantly better effectiveness than RF at 6 
months (P < 0.05); this difference was more dramatic 
at 12 months (P < 0.001). The GIoC scores also showed 
better benefits after ER than RF at 6 months and 12 
months (P < 0.05). 

Figure 3 shows the individual responses in NRS and 
ODI scores at 6 months and 12 months after interven-
tion, quantified by percent change from the baseline 
values. A ≥ 50% NRS reduction was observed in 89.5% 
and 30.6% of patients at 6 months (P < 0.001), and 
52.6% and 16.7% of patients at 12 months (P < 0.05) in 
the ER and RF groups, respectively. A ≥ 30% ODI reduc-
tion was observed in 89.5% and 55.6% of patients at 6 
months (P < 0.05), and 78.9% and 13.9% of patients at 
12 months (P < 0.001), in ER and RF, respectively.

Fig. 1. Study flowchart. 
NRS = numeric rating scales; ODI = Oswestry Disability Index; 
GIoC = Global Impression of Change.
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With a mean 25.8 (12-39) months of follow-up 
duration, the Kaplan-Meier plot shows the pain-free 
survival of ER and RF (Fig. 4). The initial success was 
absolute (100%) in both groups. However, the pain-

free rate declined as the follow-up time increased. The 
survival curves indicate a more sustained treatment 
effect in the ER group than the RF group, with a me-
dian pain-free duration of 20 months and 10 months, 

Fig. 2. Atlas and endoscopic picture of  left-sided MB. A) MB exiting from the intervertebral foramen. B) MB entering MAL. 
C) MAL. D) MB exiting from MAL. E) Dorsal ramus from L5, which is not further divided into MB, is generally thicker 
than MB from L1-L4. F) Anatomy variations: twin MB. 
MB: medial branch, IF: intervertebral foramen. SAP: superior articular process. TP: transverse process. MAL: mamillo-accessory ligament.
DR: dorsal ramus.
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Table 1. Demographic data and procedure characteristics.

Endoscopic 
rhizotomy 
(n = 19)

Radiofrequency 
(n = 36)

P value

Demographic data

Age (years) 75.5 ± 8.3 68.9 ± 12.3 < 0.05

Men/Women 8/11 18/18 0.577†

Duration of pain (years) 8.4 ± 4.3 5.7 ± 3.1 < 0.05

Follow-up duration (months) 25.6 ± 10.0 25.9 ± 9.2 0.916

MB radiofrequency history (%) 8 (42.1) 5 (13.9) < 0.05‡

Pedicle screw fixation history (%) 5 (26.3) 1 (2.8) < 0.05‡

Procedure characteristics

Denervated joints (No.) 2.1 ± 0.5 2.3 ± 1.0 0.366

No. (%)

1 (unilateral) 1 (5.3) 6 (16.7) 0.435‡

1 (bilateral) 8 (42.1) 7 (19.4) 0.072†

2 (unilateral) 9 (47.4) 15 (41.7) 0.685†

2 (bilateral) 1 (5.3) 8 (22.2) 0.217‡

Fluoroscopy time (s) 19.2 ± 5.8 27.8 ± 10.6 < 0.05

Operative duration (min) 61.9 ± 12.9 35.4 ± 7.6 < 0.001

Medical expenses (USD) 3964.0 ± 
154.9 979.1 ± 99.0 < 0.001

Underwent reoperation within 
6-month follow-up (%) 0 (0) 2 (5.6) 0.539§

Underwent reoperation from 6- to 
12-month follow-up (%) 1 (5.3) 10 (27.8) 0.103§

Values represent mean ± SD or No. (%); Statistics were based on independent t-test un-
less†‡§; †From Pearson’s chi-squared test; ‡From Yates’ correction test; §From Fisher’s 
exact test; MB, medial branch.

Table 2. Baseline and postoperative NRS, ODI, and GIoC scores.

Endoscopic rhizotomy Radiofrequency P value

NRS

Baseline 7.6 ± 1.1 7.4 ± 1.0 0.461

6 months 2.9 ± 1.4* 4.6 ± 2.2* < 0.05

12 months 3.7 ± 1.3* 5.5 ± 1.7* < 0.001

ODI

Baseline 71.5 ± 7.7 67.9 ± 6.6 0.077

6 months 35.8 ± 9.8* 46.9 ± 13.0* < 0.05

12 months 40.5 ± 9.9* 58.1 ± 10.6* < 0.001

GIoC

6 months 1.6 ± 0.7 2.3 ± 0.8 < 0.05†

12 months 2.1 ± 0.9 2.9 ± 1.0 < 0.05† 

Values are mean ± SD; *Compared with baseline, the difference was significant (P < 
0.001); The statistics were based on an independent t-test unless†; †From Mann-Whit-
ney test; NRS, Numeric Rating Scales; ODI, Oswestry Disability Index; GIoC, Global 
Impression of Change.

respectively. The Cox-Mantel test revealed 
statistically significant differences between 
groups (P < 0.001). The annual medical 
expenses calculated by pain-free duration 
were USD 2,378.4 and USD 1,174.9 for ER 
and RF, respectively.

discussion

In this real-world study involving 55 
patients with LFJP, both ER and RF notably 
improved the pain and physical function. 
ER showed a more sustained treatment ef-
fect than RF, with a median pain-free dura-
tion of 20 months and 10 months.

RF is a thermal ablative technique that 
has been used for several decades to treat 
LFJP with good effect in carefully selected 
patients. The pain-relief duration is sig-
nificant related to the selection threshold 
of diagnostic block and the number of 
denervated facet joints: strictly threshold 
or multiple lesions may provide better ef-
ficacy (3). However, studies have reported 
high recurrence rates within the 1-year 
follow-up (2,6,7,9,17,18), which was con-
sistent with our results. Gofeld reported 
a 9-month median pain-relief duration 
among 174 patients treated with RF (18). 
A systematic review based on 16 articles 
found that the pain relief after initial RF 
generally ends after 7-9 months (19). The 
success of repeated RF suggests that the re-
generation of MB contributes to the recur-
rence of low back pain (8,20,21). In recent 
years, although more RF techniques have 
been developed to cope with insufficient 
coagulation of MB, they still cannot avoid 
regeneration of these nociceptive nerve 
fibers (10-12,22).

Endoscopic technique provides a mag-
nified view of spine structures, such as in-
tervertebral foramen, TP, SAP, and mamillo-
accessory ligaments, which help locate the 
target (Fig. 2). The MB can be identified by 
combining the fluoroscopy image, nerve 
visualization, and bipolar radiofrequency 
stimuli response. Thus, ER can provide pre-
cise and complete rhizotomy of MB, which 
largely prevents insufficient coagulation or 
regeneration of the nerve. 
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Previous studies have demonstrated the feasibility 
and efficacy of ER for the treatment of LFJP (13-16,23,24). 
Our study showed that the median pain-free duration 

for ER was twice that for RF. The functional improve-
ment was also more sustained in ER than RF, with 78.9% 
of patients in ER experiencing a ≥ 30% reduction in ODI 
at 12 months (vs. 13.9% of patients in RF). Although MB 
is thoroughly dissected during ER, there were still sev-
eral patients who had pain recurrence in the long-term 
follow-up, wherein the pain must have likely originated 
from degenerated lumbar discs, muscles, ligaments, or 
other undenervated facet joints. 

In this real-world study, the surgical option was 
determined according to specific patient conditions. 
For patients with pedicle screw fixation history, ER was 
the preferred option for 2 main reasons. First, there are 
situations where the tip of the RF cannula is overlapped 
by metallic hardware in the fluoroscopic image, which 
may affect the accuracy of identifying the target. Sec-
ond, a cadaver study showed that if an RF cannula is ad-
jacent to or in direct contact with a pedicle screw, there 
is a risk of transmission of heat through the metallic 
hardware, causing thermal injury to the surrounding 
structures (25-27). Meanwhile, the heat dissipation may 

Fig. 4. Kaplan-Meier plot presents pain-free survival of  
endoscopic rhizotomy and radiofrequency. The median 
pain-free duration is 20 months and 10 months, respectively. 
The difference between the 2 survival curves is obvious (P < 
0.001). 

Fig. 3. The waterfall plot presents individual responses in the Numeric Rating Scale (NRS) and Oswestry Disability Index 
(ODI) scores at the 6-month and 12-month follow-up after intervention, quantified by percent change from the baseline 
values. The percentage of  patients who experienced ≥ 50% reduction in NRS or ≥ 30% reduction in ODI between groups were 
significantly different at both the 6- and 12-month follow-up (P < 0.05).
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lead to insufficient coagulation of the target nerve. By 
comparison, the endoscopic system not only relies on 
fluoroscopic images but also enables a user to see the 
surgical field in real-time and maintain distance from 
the metallic hardware. Besides, the temperature of bi-
polar radiofrequency is maintained under 42°C, which 
can avoid thermal injury transmitted by the metallic 
hardware. ER is also preferred in patients with early 
recurrence followed by RF owing to the guaranteed 
efficacy of the former.

There are some limitations of using ER to treat LFJP. 
It is well-known that MB not only conducts nociception 
of the facet joints but also innervates the motor func-
tion of multifidus muscles. Morphologic studies reveal 
that the multifidus muscle’s segmental architecture 
enables it to produce intersegmental stabilizing forces 
of the spine (28). Thus, thorough rhizotomy of MB may 
permanently reduce the stability of the vertebral col-
umn, which is not recommended in younger patients. 
Besides, there is still a significant learning curve with 
endoscopic spine surgery that requires more operative 
duration than RF, even with proficient skills.

Limitations
There were several limitations in this study. First, 

due to the nature of the real-world study, the patients 

were not randomized to different groups, which may 
have led to bias. However, even with older age and 
longer pain duration of patients who received ER, it 
still provides more sustained efficacy. Second, the pres-
ent study used a single set of positive MB diagnostic 
blocks (≥ 80% pain relief) instead of controlled dual MB 
blocks to enroll the patients. Although controlled dual 
blocks tend to decrease the false-positive rate, some 
data have suggested that increasing the threshold of a 
positive response to a single MB block not only results 
in a higher positive predictive value but also reduces 
the overall cost (29,30). However, this paradigm may 
prevent some of the patients from undergoing the pro-
cedure that could provide treatment benefit. Third, this 
study did not evaluate the potential effect of ER and RF 
on spine instability, which merits further investigation 
in future studies.

conclusion

Both ER and RF can improve the pain and physical 
function in patients with LFJP. Although ER is associated 
with more operative duration and medical expenses, it 
also provides more sustained efficacy than RF. The sur-
gical option should be determined according to specific 
patient conditions.
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