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Background: Minimally invasive techniques, such as percutaneous low-power laser

discectomy (PLLD) and low-temperature plasma radiofrequency ablation (coblation)

can be applied to treat degenerative cervical radiculopathy. However, less evidence

supports the superiority of distinct minimally-invasive therapy. Our study aimed to

evaluate the clinical and radiological characteristics of the PLLD and coblation for

cervical radiculopathy.

Methods: This was a prospective, multicenter, cohort study (ChiCTR-ONC-17010356).

The modified Macnab criteria was performed to assess the clinical improvement pre- and

post-surgery. To evaluate the radiological effect, the Pfirrmann grading system and disk

herniation index were applied with MRI.

Results: In this study, 28 patients were enrolled in the coblation group and 30 patients

in the PLLD group. The mean good-excellent rate at 3-month follow-up was 82.1% for

PLLD group, and 66.7% for coblation group, respectively (p = 0.179). The PLLD group

achieved higher good-excellent rate 6 and 12 months after discharge (92.9 vs. 70.0%,

p = 0.026). Radiological data revealed that PLLD but not coblation treatment achieved

significant reduction of disk herniation index (p < 0.0001). Coblation treatment did not

change the Pfirrmann grades of cervical radiculopathy patients (n = 18), and 7 out of

17 (41.2%) patients achieved improvement after PLLD therapy. None obvious adverse

event was observed in this study.
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Conclusion: Both PLLD and coblation are effective and safe option for patients with

cervical radiculopathy. Better long-term clinical outcomes may be potentially associated

with the improvement of disk degeneration after PLLD treatment.

Keywords: cervical radiculopathy, percutaneous laser discectomy, coblation, minimally invasive, clinical outcome,

radiological

INTRODUCTION

Cervical radiculopathy is one common cause of chronic
pain, resulting from the compression of cervical nerve
root. It is estimated that the annual incidence of cervical
radiculopathy is 107.3 per 100,000 for male, and 63.5 per
100,000 for female, respectively (1, 2). The characteristic
syndrome of cervical radiculopathy typically includes upper
extremity pain and, occasionally, sensorimotor deficits in
the distribution of the affected nerves (3). In most cases,
non-operative intervention is effective to provide relief from
acute pain, such as immobilization, traction, medication
therapy, physical therapy, and cervical steroid injection
(4, 5). However, about one-third of patients with cervical
radiculopathy are unresponsive to the conservative treatment.
Surgical intervention may be considered after 6–8 weeks of
conservative care.

Conventional open procedures achieve good or excellent
clinical outcome in carefully selected population who are
insensitive to non-surgical management (6). In addition to the
conventional open surgery, minimally invasive procedures for
discectomy may reduce both pain and structural damage (7–9).
Various minimally invasive procedures, such as percutaneous
laser discectomy, low-temperature plasma radiofrequency
ablation (coblation), and endoscopic discectomy are alternative
options for patients who refuse to undergo open procedure
(10–12). Several systematic reviews have demonstrated the
effectiveness of these minimally invasive procedures. However,
no evidence supports the superiority of each approach in the
treatment of cervical radiculopathy.

Percutaneous laser discectomy can ablate and vaporize the
nucleus pulposus with laser power. Compared with conventional
microdiscectomy, similar clinical outcome was observed in the
laser therapy for sciatica (13). Low to moderate power (1–
5W) continuous wave (CW) laser radiation can be delivered
to herniated disk tissue at wavelength of 970 nm (14).
Compared with the conventional laser device (power over 10W),
percutaneous low-power laser discectomy (PLLD) may be a
safer option. To avoid potential damage of surrounding tissue,
coblation nucleoplasty may be a safe approach for the relatively
low central temperatures (40–70◦C) during procedure (15).
Additionally, heat radiation decreased from 40 to 20 to 0◦C
when the radius to the probe tip extended from 0 to 1 to
5mm (16). Thus, the therapeutic and radiological effect may
vary based on the strategy of minimally invasive procedure.
In this study, we aimed to assess the clinical and radiological
outcomes of patients with cervical radiculopathy, treated by
PLLD or coblation.

METHODS

Study Design and Participants
This was a prospective, multicenter, cohort study. Centers of pain
medicine from four tertiary hospitals in Hunan Province, China,
were invited to participate. All patients who met the enrollment
criteria and were willing to take part in this study, were enrolled
consecutively (from August 2015 to December 2017) to reduce
the selection bias. All participates received routine care and
therapy upon admission according to each hospital protocol to
reflect the real practice environment. All patients were invited
for the clinical follow-up at 3-, 6-, and 12-month after operation.
The study was conducted in accordance with the Declaration of
Helsinki and approved by the Ethics Committee of The Third
Xiangya Hospital, Central South University (2016-S240).Written
consent was acquired from all participates in this study. The
study was registered at http://www.chictr.org.cn (ChiCTR-ONC-
17010356). The selection of participants is given in the (Figure 1).

Eligibility Criteria
Patients were enrolled if they fulfill the criteria as follow: (1)
aged between 20 and 80 years; (2) diagnosed with cervical
radiculopathy according to history, physical examination,
imaging, and additional tests (17); (3) presented withmoderate to
severe pain (Visual Analog Scale over 4 of 10) after conservative
therapy; and (4) unwilling to undergo the conventional
open surgery.

Patients were excluded from this study if imaging test
indicated cervical spinal instability, severe cases of spinal stenosis,
annulus fibrosus calcification, and ossification of the posterior
longitudinal ligament. Patients with severe co-morbidity who
may not undergo the surgery were excluded from this study.

Surgical Techniques
The technique of minimally invasive procedure was left to
the preference of the surgeon, either by PLLD or coblation.
The procedure was performed under fluoroscopy by using
a C-arm unit, with the patient placed in a supine position.
Procedures of PLLD and coblation were conducted similarly
in an anterior approach (11, 13). The shoulders of patient
were stabilized to achieve better visualization of the lower
cervical disk. To facilitate the access to the intervertebral disk
space, head and neck were slightly hyperextended during
surgery. Operation was performed under local anesthesia,
with a solution of 1% lidocaine infiltration into the skin
and subcutaneous tissue. Light sedation was administrated
if necessary. The vital structures (trachea and carotid artery)
were palpated away from the surgical access to avoid potential
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FIGURE 1 | The flow chart of patient selection.

damage. One 19-G cannula with an internal mandrel was
positioned against the anterior surface of the annulus
fibrosus. The cannula was inserted under the guidance of
lateral view of fluoroscopic imaging. The cannula tip was
positioned at the distal third segment of disk as shown in
(Figure 2). The parameter of surgical device is described
as below.

For coblation, the mandrel was then replaced by the
electrodes, connected to one bipolar radiofrequency-based
system (SM-D380C; Gaotong, Xian, China). An electrical
field was created to active the electrolytes and molecules
to generate a field of plasma. The resultant plasma field
dissolved a small amount of tissue within the targeted
tissues at relatively low temperature (40–70◦C). After 4–5 s
of ablation, the electrode was repositioned to another part of
nucleus according to the topography of the herniation. The

duration of coblation at single cervical disk ranged between
5 and 10 min.

To perform laser discectomy, one optic fiber (diameter of
200-µm) was inserted through the cannula. The distal ending of
fiber was plugged into one laser generator (Alaude-01; Keheng,
Heilongjiang, China). The amplitude of laser was set at 2W
with 1 s width of pulse. The output of laser ranged 150–200 J
for the first location. The cannula was pulled out slightly to the
middle line of disk to apply another laser ablation. The total out
of laser was no more than 350 J per disk. One key step of the
procedure was to inject a small amount of saline (1–2ml) into
the disk through the cannula between the interval of pulse. The
laser vaporized the nucleus pulposus with high temperature to
achieve decompression of nerve root, and small air bubble can be
observed when laser initially administrated. It took about 10min
to perform the laser discectomy for each cervical level.

Frontiers in Surgery | www.frontiersin.org 3 February 2022 | Volume 8 | Article 779480

https://www.frontiersin.org/journals/surgery
https://www.frontiersin.org
https://www.frontiersin.org/journals/surgery#articles


Lan et al. PLLD and Coblation

FIGURE 2 | Placement of cannula during minimally invasive procedures. (A) Introducing cannula inserted in a 30 degrees angle medially with radiological guidance.

Cannula position was confirmed by the (B) anterior-posterior and (C) lateral view.
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Postoperative Care
One prophylactic treatment of Cefuroxime was applied
intravenously 30min prior to surgery. The analgesic
non-steroidal anti-inflammatory drug was administrated
routinely in next 2 days (intravenous Flurbiprofen 100mg per
day). The patients were told to stay in bed for at least 2 days. To
avoid the potential damage due to disability of cervical spine, a
rigid neck collar must be wearing in the following month after
discharge.

TABLE 1 | Clinical outcome assessed by the modified Macnab Criteria.

Classification Criteria

Excellent Free of pain; no restriction of mobility, normal work, and

activities.

Good Occasionally non-radicular pain. Relief of presenting symptoms.

Able to return to modified work.

Fair Partial improvement of functional capacity, still handicapped or

unemployed.

Poor None or insufficient improvement of objective symptoms with

root involvement, further operative invention needed.

Clinical Evaluation
The clinical outcome was defined as excellent, good,
fair, no improvement, or worse, based on the modified
Macnab criteria (Table 1) (18). The visual analog scale
(VAS) ranging from 0 (pain free) to 10 (worst pain
imaginable) was used to evaluate the overall severity of
pain when admission.

Radiological Measurement
The disk herniation index was determined by usingMRI (Ingenia
3.0T, Philips Healthcare, The Netherlands). Detail of disk
herniation index measurement has been described by Kang et al.
(19). Briefly, we measured the disk and intervertebral foramen
at intercept of the axial direction. The maximum anteroposterior
herniated disk length was recorded as (AB), and that of canal was
marked as vertebral foramen length (EF). The width of herniated
issue (CD) was recorded as the distance at level of middle line
of herniated disk length (AB). The width of the spinal canal
was calculated at the same level (GH). The calculation of disk
herniation index was ([AB ×CD]/ [EF ×GH]) ×1,000, as shown
in (Figure 3).

To evaluate the changes on disk degeneration, Pfirrmann
grading system was applied on routine T2-weighted MRI (20).

FIGURE 3 | Measurement of disk herniation index.
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TABLE 2 | Summary of the Pfirrmann grading system for evaluation of disk degeneration.

Grades Structure Distinction of nucleus

and annulus

Signal intensity Height of intervertebral disc

I Homogenous, bright white Clear Hyperintense, isointense to cerebrospinal fluid Normal

II Inhomogeneous with or without

horizontal bands

Clear Hyperintense, isointense to cerebrospinal fluid Normal

III Inhomogeneous, gray Unclear Intermediate Normal to slightly decreased

IV Inhomogeneous, gray to black Lost Intermediate to hypointense Normal to moderately decreased

V Inhomogeneous, black Lost Hypointense Collapsed disc space

TABLE 3 | Clinical and demographic data of patients with cervical radicular pain.

PLLD group Coblation group P-value

Number 28 30

Ages (years) 56.0 ± 8.6 56.5 ± 11.3 0.87

Female gender (n, %) 13 (46.4) 13 (43.3) >0.99

Duration (months) 5 (1–33) 2 (1–24) 0.32

VAS

Baseline 6.7 ± 1.2 6.9 ± 0.7 0.38

Last Follow-up 0.2 ± 0.6 1.9 ± 1.8 <0.01

Affected level (n, %)

C3/4 3 (10.0) 2 (5.7) 0.66

C4/5 3 (10.0) 5 (14.3) 0.72

C5/6 14 (46.7) 18 (51.4) 0.81

C6/7 10 (33.3) 10 (28.6) 0.79

Follow-up MRI 17 (60.7) 14 (46.7) 0.31

Lower grades were associated with improved disk degeneration
as shown in (Table 2).

Follow-Up
To assess the long-term therapeutic effect, patients were asked to
visit the pain clinic 3, 6, and 12 months after surgery. Follow-up
MRI imaging was performed at 6-month follow, and the imaging
data were not obtained for all patients. Consequently, MRI was
collected from 53% patients (31 out of 58).

Statistical Analyses
Continuous variables are presented as the mean± SD or median
with 25–75th quartile range, and proportions for categorical
variables. Independent samples t-test, Mann–Whitney U-test,
Wilcoxon’s test, or chi-square test of Fisher’s was applied when
appropriate. The value of p < 0.05 was considered significant.
Data were analyzed with Prism version 8.0 (GraphPad, San
Diego, CA, United States).

RESULTS

General Demographics
Fifty-eight patients diagnosed with cervical radiculopathy were
enrolled from four tertiary hospitals. About 52% (n = 30/58)
patients undertook the coblation therapy, and 28 subjects for

PLLD treatment, respectively. The average age was 56 years and
the most common affected levels were C5/6 and C6/7 (52 out of
65 disks). All patients presented with moderated to severe pain,
with mean VAS scores of 6.8 ± 1.0 before surgery. The pain
severity decreased to 0.2 ± 0.5 after PLLD subgroup and 1.9 ±

1.8 in the coblation cohort, respectively. The demographic data
of enrolled patients are given in the Table 3.

Clinical Outcomes
All 58 patients accomplished the 3-, 6-, and 12-month follow-
up. According to the modified Macnab Criteria, clinical outcome
could be judged as excellent or good in 82.1% patients (n= 23/28)
with PLLD treatment, and 20 out of 30 (66.7%) with coblation at
3-month follow-up, respectively. The ratio of excellent or good
outcome became significant between groups at 6- and 12-month
visit (p= 0.026), as shown in (Figure 4). Only one patient (1.7%)
who underwent coblation felt poor outcome of surgery after
6 months.

Radiological Effects
A total of 31 patients took MRI follow-up at 6-month post
procedure, with seventeen in the PLLD group. The disk
herniation index in the PLLD group decreased significantly after
surgery (p < 0.0001). However, we did not observe significant
reduction of disk herniation within coblation cohort (Figure 5).
Seven of 17 (41.2%) patients who underwent PLLD surgery
presented improvement of disk degeneration according to the
Pfirrmann grades tool as shown in (Table 4). The was no
improvement in the Pfirrmann scores with coblation therapy.

Complications
No serious adverse events (e.g., headache, dysphagia,
hemorrhage, infection, or cerebrospinal fluid leak) were
observed in this study. Only one patient who took PLLD therapy
presented with temporary trachyphonia after surgery. The
symptom was relieved without any special intervention 2 days
after surgery.

DISCUSSION

This prospective, multicenter, cohort study compared two
minimally invasive procedures for the treatment of cervical
radiculopathy. Previous publication reported that about 80–
90% relief can be achieved via anterior cervical disk operations,
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FIGURE 4 | Clinical outcome after minimally invasive surgery assessed by the modified Macnab Criteria.

FIGURE 5 | Radiological changes of disc herniation 6 months after therapy. n.s = the exact value is 0.1510.
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such as percutaneous laser discectomy and low-temperature
plasma radiofrequency ablation (21, 22). However, no evidence

TABLE 4 | Comparison between pre- and postoperative disc degeneration.

Treatment (n, %) P-value

Improvement of Pfirrmann grades PLLD Coblation

V → IV 2 (11.8) 0

IV → III 4 (23.5) 0

III → II 1 (5.9) 0

Total number 7 (41.2) 0 <0.01

has supported the superiority for either approach. The clinical
outcome is closely associated with the cervical disk degeneration,
which is routinely assessed by the MRI (23, 24). In this study, we
examined the relationship of clinical outcome with radiological
changes by different minimally invasive procedures.

Despite the non-randomized design, our data demonstrated
similar success rate with previous studies (25, 26). The overall
good to excellent rate was 92.9% in PLLD group at 12-month
follow, and 70% for coblation, respectively. Although it remains
controversial whether minimally invasive procedure is superior
to non-surgical treatment (27). In some cases, sufficient relief

FIGURE 6 | Comparison of MRI between pre- (A,B) and post-treatment (C,D) in a male patient who underwent coblation surgery. The red arrow indicates the cervical

disc herniation in sagittal plane.
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may not be achieved with conservative therapy (28). Similarly,
the candidates of this study still presented with moderate to
severe pain after at least 4-week conservative treatment.

To date, few studies compared the effectiveness of different
minimally invasive procedures in the management of cervical
radiculopathy. In this study, we found that the long-term
therapeutic effect was inconsistent between different approaches.
The short-term clinical outcome was not significant, and higher
good to excellent rate was reported in the PLLD group 6
months after surgery. However, previous data demonstrated that
better clinical outcome was achieved by coblation compared
with radiofrequency thermocoagulation, possibly due to
different population affected by lumbar degenerative pain
(15). Symptomatic cervical disk herniation is associated with
degenerative changes at adjacent and non-adjacent levels (29).
Comparisons of disk degenerative status after laser or coblation
intervention, however, must be taken into consideration for
long-term clinical outcome.

MRI has been most widely used to assess the spine
degeneration for its high sensitivity to detect the water content
of disk. Decompression of nerve root is the key for minimally
invasive procedure, which can be measured as disk herniation
index (19). The long-term relief from pain was associated with
significant reduction of herniated tissues in PLLD group. The
total laser energy was no more than 350 J/disk, much lower than
the conventional laser output whichmay cause potential injury to
the surrounding tissues (30, 31). Consequently, only one patient
(3.6%) in PLDD cohort presented with temporary trachyphonia
after surgery and recovered without any special intervention.
The disk herniation index was not decreased significantly
after plasma coblation therapy. The relatively low temperature
during surgery may reduce the disk pressure without obvious
change of herniation size. Based on T2-weighted imaging, a
Pfirrmann grading tool was a reliable indicator of cervical disk
degeneration (32, 33). In this study, we found that the PLLD
treatment achieved significantly morphological improvement at
6-month follow-up. However, no improvement was observed
after plasma radiofrequency therapy (Figure 6). This finding
was consistent with previous quantitative research, about 17.6%
of cases demonstrated progressive degeneration with coblation
treatment (34).

Themain limitation of this study is the nature of observational
non-randomized design. Thus, we may not avoid the selection
bias due to the distinct procedure approach, indication,
co-morbidity, and general demographics of participants.
Consequently, we may not exclude their impact on the clinical
or radiological outcome. We think it is necessary to perform
randomized, controlled clinical trials with larger sample size to
further confirm the superiority of each method, and its effect
on the degenerative development of cervical spine. Besides, a
quantitative imaging study may be needed to further examine the
degenerative changes after the minimally invasive procedures.

CONCLUSION

Taken together, the present study demonstrated that both the
PLLD and coblation are effective and safe minimally approaches
for patients with cervical radiculopathy. Superior long-term
clinical outcome of PLLD therapy may be potentially associated
with the improvement of cervical degeneration.

DATA AVAILABILITY STATEMENT

The original contributions presented in the study are included
in the article/supplementary material, further inquiries can be
directed to the corresponding authors.

ETHICS STATEMENT

The study was conducted in accordance with the Declaration of
Helsinki and approved by the Ethics Committee of The Third
Xiangya Hospital, Central South University (2016-S240).Written
consent was acquired from all participates in this study. The study
was registered at chictr.org.cn (ChiCTR-ONC-17010356).

AUTHOR CONTRIBUTIONS

DH, QL, and HZ designed this study. YHe, XW, CW, RHa, GG,
RHu, XZ, JZ, and DH performed the surgeries. XL, ZW, and YN
conducted the follow-ups. XL, ZW, YHu, ZL, and HZ analyzed
the data. HZ wrote the manuscript. All authors contributed to
the article and approved the submitted version.

REFERENCES

1. Kelsey JL, Githens PB, Walter SD, Southwick WO, Weil U, Holford

TR, et al. An epidemiological study of acute prolapsed cervical

intervertebral disc. J Bone Joint Surg Am. (1984) 66:907–14.

doi: 10.2106/00004623-198466060-00011

2. Schoenfeld AJ, George AA, Bader JO, Caram PM Jr. Incidence

and epidemiology of cervical radiculopathy in the United States

military: 2000 to 2009. J Spinal Disord Tech. (2012) 25:17–22.

doi: 10.1097/BSD.0b013e31820d77ea

3. Caridi JM, Pumberger M, Hughes AP. Cervical radiculopathy: a review. HSS

J. (2011) 7:265–72. doi: 10.1007/s11420-011-9218-z

4. Eubanks JD. Cervical radiculopathy: nonoperative management of neck pain

and radicular symptoms. Am Fam Physician. (2010) 81:33–40.

5. Levine MJ, Albert TJ, Smith MD. Cervical radiculopathy: diagnosis and

nonoperative management. J Am Acad Orthop Surg. (1996) 4:305–16.

doi: 10.5435/00124635-199611000-00003

6. Weinstein JN, Tosteson TD, Lurie JD, Tosteson AN, Hanscom B,

Skinner JS, et al. Surgical vs nonoperative treatment for lumbar disk

herniation: the spine patient outcomes research trial (SPORT): a

randomized trial. JAMA. (2006) 296:2441–50. doi: 10.1001/jama.296.

20.2441

7. Evaniew N, Khan M, Drew B, Kwok D, Bhandari M, Ghert M. Minimally

invasive versus open surgery for cervical and lumbar discectomy: a

systematic review and meta-analysis. CMAJ Open. (2014) 2:E295–305.

doi: 10.9778/cmajo.20140048

8. Payer M. “Minimally invasive” lumbar spine surgery: a critical review. Acta

Neurochir. (2011) 153:1455–9. doi: 10.1007/s00701-011-1023-4

Frontiers in Surgery | www.frontiersin.org 9 February 2022 | Volume 8 | Article 779480

https://chictr.org.cn
https://doi.org/10.2106/00004623-198466060-00011
https://doi.org/10.1097/BSD.0b013e31820d77ea
https://doi.org/10.1007/s11420-011-9218-z
https://doi.org/10.5435/00124635-199611000-00003
https://doi.org/10.1001/jama.296.20.2441
https://doi.org/10.9778/cmajo.20140048
https://doi.org/10.1007/s00701-011-1023-4
https://www.frontiersin.org/journals/surgery
https://www.frontiersin.org
https://www.frontiersin.org/journals/surgery#articles


Lan et al. PLLD and Coblation

9. Kamper SJ, Ostelo RW, Rubinstein SM, Nellensteijn JM, Peul WC, Arts

MP, et al. Minimally invasive surgery for lumbar disc herniation: a

systematic review and meta-analysis. Eur Spine J. (2014) 23:1021–43.

doi: 10.1007/s00586-013-3161-2

10. Choy DS. Percutaneous laser disc decompression (PLDD): twelve years’

experience with 752 procedures in 518 patients. J Clin Laser Med Surg. (1998)

16:325–31. doi: 10.1089/clm.1998.16.325

11. Bonaldi G, Baruzzi F, Facchinetti A, Fachinetti P, Lunghi S. Plasma radio-

frequency-based diskectomy for treatment of cervical herniated nucleus

pulposus: feasibility, safety, and preliminary clinical results. AJNR Am J

Neuroradiol. (2006) 27:2104–11.

12. Sasani M, Ozer AF, Oktenoglu T, Canbulat N, Sarioglu AC. Percutaneous

endoscopic discectomy for far lateral lumbar disc herniations: prospective

study and outcome of 66 patients.Minim Invasive Neurosurg. (2007) 50:91–7.

doi: 10.1055/s-2007-984383

13. Brouwer PA, Brand R, van den Akker-van Marle ME, Jacobs WC, Schenk B,

van den Berg-Huijsmans AA, et al. Percutaneous laser disc decompression

versus conventional microdiscectomy in sciatica: a randomized controlled

trial. Spine J. (2015) 5:857–65. doi: 10.1016/j.spinee.2015.01.020

14. Yusupov VI, Chudnovskii VM, Bagratashvili VN. Laser-induced

hydrodynamics in water-saturated biotissues. 1 Generation of bubbles

in liquid. Laser Phys. (2010) 20:1641–6. doi: 10.1134/S1054660X1014001X

15. Sun D, Li Q, Tang Y, Gong W, He L, Dou Z, et al. Comparison

of coblation annuloplasty and radiofrequency thermocoagulation

for treatment of lumbar discogenic pain. Medicine. (2017) 96:e8538.

doi: 10.1097/MD.0000000000008538

16. Eggers PE, Thapliyal HV, Matthews LS. Coblation: a newly described method

for soft tissue surgery. Res Out Arth Surg. (1997) 2:1–4.

17. Iyer S, Kim HJ. Cervical radiculopathy. Curr Rev Musculoskelet Med. (2016)

9:272–80. doi: 10.1007/s12178-016-9349-4

18. Macnab I. Negative disc exploration. An analysis of the causes of nerve-root

involvement in sixty-eight patients. J Bone Joint Surg Am. (1971) 53:891–903.

doi: 10.2106/00004623-197153050-00004

19. Kang JI, Jeong DK, Choi H. Effect of spinal decompression on the lumbar

muscle activity and disk height in patients with herniated intervertebral disk.

J Phys Ther Sci. (2016) 28:3125–30. doi: 10.1589/jpts.28.3125

20. Pfirrmann CW, Metzdorf A, Zanetti M, Hodler J, Boos N. Magnetic

resonance classification of lumbar intervertebral disc degeneration. Spine.

(2001) 26:1873–8. doi: 10.1097/00007632-200109010-00011

21. Oppenheimer JH, DeCastro I, McDonnell DE. Minimally invasive spine

technology and minimally invasive spine surgery: a historical review.

Neurosurg Focus. (2009) 27:E9. doi: 10.3171/2009.7.FOCUS09121

22. Birnbaum K. Percutaneous cervical disc decompression. Surg Radiol Anat.

(2009) 31:379–87. doi: 10.1007/s00276-009-0462-6

23. Peng B, DePalma MJ. Cervical disc degeneration and neck pain. J Pain Res.

(2018) 11:2853–7. doi: 10.2147/JPR.S180018

24. Yang L, Chen J, Yang C, Pang X, Li Dm,WuB, et al. Cervical intervertebral disc

degeneration contributes to dizziness: a clinical and immunohistochemical

study.World Neurosurg. (2018) 119:e686–93. doi: 10.1016/j.wneu.2018.07.243

25. Nardi PV, Cabezas D, Cesaroni A. Percutaneous cervical nucleoplasty using

coblation technology. Clinical results in fifty consecutive cases.Acta Neurochir

Suppl. (2005) 92:73–8. doi: 10.1007/3-211-27458-8_16

26. Lee SH, Ahn Y, Choi WC, Bhanot A, Shin SW. Immediate pain

improvement is a useful predictor of long-term favorable outcome after

percutaneous laser disc decompression for cervical disc herniation.

Photomed Laser Surg. (2006) 24:508–13. doi: 10.1089/pho.2006.

24.508

27. Epstein NE. Percutaneous cervical laser diskectomy, thermoannuloplasty, and

thermonucleoplasty; comparable results without surgery. Surg Neurol Int.

(2017) 8:128. doi: 10.4103/sni.sni_164_17

28. Arnasson O, Carlsson CA, Pellettieri L. Surgical and conservative treatment

of cervical spondylotic radiculopathy and myelopathy. Acta neurochir. (1987)

84:48–53. doi: 10.1007/BF01456351

29. Choi YS. Pathophysiology of degenerative disc disease. Asian Spine J. (2009)

3:39–44. doi: 10.4184/asj.2009.3.1.39

30. Kim SH, Kim SC, Cho KH. Clinical outcomes of percutaneous plasma disc

coagulation therapy for lumbar herniated disc diseases. J Korean Neurosurg

Soc. (2012) 51:8–13. doi: 10.3340/jkns.2012.51.1.8

31. Schenk B, Brouwer PA, Peul WC, van Buchem MA. Percutaneous laser

disk decompression: a review of the literature. AJNR Am J Neuroradiol.

(2006) 27:232–5.

32. Chen P, Wu C, Huang M, Jin G, Shi Q, Han Z, et al. Apparent diffusion

coefficient of diffusion-weighted imaging in evaluation of cervical

intervertebral disc degeneration: an observational study with 3.0 T

magnetic resonance imaging. Biomed Res Int. (2018) 2018:6843053.

doi: 10.1155/2018/6843053

33. Chen C, HuangM, Han Z, Shao L, Xie Y,Wu J, et al. Quantitative T2 magnetic

resonance imaging compared to morphological grading of the early cervical

intervertebral disc degeneration: an evaluation approach in asymptomatic

young adults. PLoS ONE. (2014) 9:e87856. doi: 10.1371/journal.pone.00

87856

34. Cuellar VG, Cuellar JM, Vaccaro AR, Carragee EJ, Scuderi GJ.

Accelerated degeneration after failed cervical and lumbar nucleoplasty.

J Spinal Disord Tech. (2010) 23:521–4. doi: 10.1097/BSD.0b013e318

1cc90dd

Conflict of Interest: The authors declare that the research was conducted in the

absence of any commercial or financial relationships that could be construed as a

potential conflict of interest.

Publisher’s Note: All claims expressed in this article are solely those of the authors

and do not necessarily represent those of their affiliated organizations, or those of

the publisher, the editors and the reviewers. Any product that may be evaluated in

this article, or claim that may be made by its manufacturer, is not guaranteed or

endorsed by the publisher.

Copyright © 2022 Lan, Wang, Huang, Ni, He, Wang, Wu, Hu, Han, Guo, Li, Zhang,

Zhang, Liao, Huang and Zhou. This is an open-access article distributed under the

terms of the Creative Commons Attribution License (CC BY). The use, distribution

or reproduction in other forums is permitted, provided the original author(s) and

the copyright owner(s) are credited and that the original publication in this journal

is cited, in accordance with accepted academic practice. No use, distribution or

reproduction is permitted which does not comply with these terms.

Frontiers in Surgery | www.frontiersin.org 10 February 2022 | Volume 8 | Article 779480

https://doi.org/10.1007/s00586-013-3161-2
https://doi.org/10.1089/clm.1998.16.325
https://doi.org/10.1055/s-2007-984383
https://doi.org/10.1016/j.spinee.2015.01.020
https://doi.org/10.1134/S1054660X1014001X
https://doi.org/10.1097/MD.0000000000008538
https://doi.org/10.1007/s12178-016-9349-4
https://doi.org/10.2106/00004623-197153050-00004
https://doi.org/10.1589/jpts.28.3125
https://doi.org/10.1097/00007632-200109010-00011
https://doi.org/10.3171/2009.7.FOCUS09121
https://doi.org/10.1007/s00276-009-0462-6
https://doi.org/10.2147/JPR.S180018
https://doi.org/10.1016/j.wneu.2018.07.243
https://doi.org/10.1007/3-211-27458-8_16
https://doi.org/10.1089/pho.2006.24.508
https://doi.org/10.4103/sni.sni_164_17
https://doi.org/10.1007/BF01456351
https://doi.org/10.4184/asj.2009.3.1.39
https://doi.org/10.3340/jkns.2012.51.1.8
https://doi.org/10.1155/2018/6843053
https://doi.org/10.1371/journal.pone.0087856
https://doi.org/10.1097/BSD.0b013e3181cc90dd
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/surgery
https://www.frontiersin.org
https://www.frontiersin.org/journals/surgery#articles

	Clinical and Radiological Comparisons of Percutaneous Low-Power Laser Discectomy and Low-Temperature Plasma Radiofrequency Ablation for Cervical Radiculopathy: A Prospective, Multicenter, Cohort Study
	Introduction
	Methods
	Study Design and Participants
	Eligibility Criteria
	Surgical Techniques
	Postoperative Care
	Clinical Evaluation
	Radiological Measurement
	Follow-Up
	Statistical Analyses

	Results
	General Demographics
	Clinical Outcomes
	Radiological Effects
	Complications

	Discussion
	Conclusion
	Data Availability Statement
	Ethics Statement
	Author Contributions
	References


