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ABSTRACT

Cervical radiculopathy is a common condition affecting the cervical spine. Few trials with a small number of patients tried to establish
the most efficient treatment in the literature that varies between surgical and nonsurgical approaches. We conducted a systematic review
and meta-analysis to evaluate surgical versus nonsurgical treatment efficacy for cervical radiculopathy PubMed, Embase, and Cochrane
Central Register of Controlled Trials were searched from inception to July 2025 to identify randomized controlled trials (RCTs) studies
comparing surgical and nonsurgical treatment on adult patients with cervical radiculopathy. Outcomes of interest included Neck Disability
Index (NDI), Arm pain and Neck pain (pain grade measured by Visual Analogue Scale and Numeric Rating Scale). We calculated the
mean difference for each comparison and did a conventional random effects meta-analysis. We included 4 RCTs with 323 total patients
with 161 randomized to surgery group and 162 to nonsurgery group. Mean difference NDI score of surgical vs. nonsurgical group at
12 months follow-up has no statistically significant difference (MD: -2.54 95% Cl: -6.33 to 1.24; 2=52%; P=0.19). Short-term outcomes were
also analyzed, resulting in a rapid efficacy of surgical treatment and a progressive efficacy of nonsurgical therapy on 3 months follow-up
(MD: -7.61 95% Cl: -12.48 to -2.74; 12=0%; P=0.002) and 6 months follow-up (MD: -5.87 95% CI: -9.59 to -2.15; 12=0%; P=0.002). Surgical
group was associated with a considerable reduction of arm pain (MD: -1.17; 95% Cl: -1.66 to -0.68; 12=0%; P<0.00001) and neck pain
(MD: -0.84; 95% CI: -1.38 to -0.31; [2=23%; P=0.002) on the comparative analysis of both groups. These findings suggest a mid-term
association of quality of life and pain reduction in patients with cervical radiculopathy who underwent surgery compared to nonsurgical
treatments. The long-term comparison between surgical and nonsurgical therapy showed no statistically significant difference. Level of
Evidence: II; Systematic Review/Meta-analysis.
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RESUMO

A radiculopatia cervical é uma condigdo comum que afeta a coluna cervical. Poucos ensaios com um ndmero reduzido de pacien-
tes tentaram estabelecer o tratamento mais eficiente na literatura, que varia entre abordagens cirdrgicas e nao cirdrgicas. Realizamos
uma revisdo sistematica e metanalise para avaliar a eficacia do tratamento cirdrgico versus nao cirirgico para a radiculopatia cervical.
Realizou-se uma busca nas bases PubMed, Embase e Cochrane Central Register of Controlled Trials desde a sua criagéo até julho de
2025 para identificar ensaios clinicos randomizados (RCTs) comparando o tratamento cirdrgico e néo cirdrgico em pacientes adultos
com radiculopatia cervical. Os desfechos de interesse incluiram o Indice de Incapacidade Cervical (NDI), dor no brago e dor no
pescoco (grau de dor medido pela Escala Visual Analdgica e Escala de Classificagdo Numérica). Calculamos a diferenca média para
cada comparagao e realizamos uma metanalise convencional de efeitos aleatdrios. Incluimos 4 RCTs com um total de 323 pacientes,
sendo 161 aleatorizados para o grupo cirtrgico e 162 para 0 grupo néo cirdrgico. A pontuagdo da diferenca média (MD) do NDI entre
0 grupo cirdrgico vs. ndo cirdrgico no sequimento de 12 meses nao apresentou diferenga estatisticamente significativa (MD: -2,54 95%
Cl: -6,33 a 1,24, 2=52%; P=0,19). Os desfechos de curto prazo também foram analisados, resultando em uma eficacia rapida do
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tratamento cirdrgico e uma eficacia progressiva da terapia n&o cirdrgica no seguimento de 3 meses (MD: -7,61 95% Cl. -12,48 a -2,74;
12=0%; P=0,002) e no sequimento de 6 meses (MD: -5,87 95% CI: -9,59 a -2,15; 12=0%; P=0,002). O grupo cirurgico foi associado
a uma reducéo consideravel da dor no bragco (MD: -1,17; 95% CI: -1,66 a -0,68; 12=0%, P<0,00001) e da dor no pescogo (MD: -0,84;
95% ClI: -1,38 a -0,31; 12=23%, P=0,002) na analise comparativa de ambos 0s grupos. Estes achados sugerem uma associagdo de
médio prazo entre a qualidade de vida e a reducdo da dor em pacientes com radiculopatia cervical submetidos a cirurgia em compa-
ragédo com tratamentos ndo cirdrgicos. A comparagdo de longo prazo entre a terapia cirdrgica e nao cirdrgica ndo mostrou diferenga
estatisticamente significativa. Nivel de Evidéncia: Il; Revisao Sistematica/Metanalise.

Descritores: Radiculopatia; Tratamento Conservador, Metanalise; Cirurgia; Revisao Sistematica.

RESUMEN

La radiculopatia cervical es una afeccion comun que afecta a la columna cervical. Pocos ensayos con un numero reducido de pacientes
han intentado establecer el tratamiento mas eficiente en la literatura, la cual varia entre enfoques quirdrgicos y no quirtrgicos. Realizamos
una revisién sistematica y un metaanalisis para evaluar la eficacia del tratamiento quirdrgico frente al no quirdrgico para la radiculopatia
cervical. Se realizaron busquedas en PubMed, Embase y el Cochrane Central Register of Controlled Trials desde su inicio hasta julio de
2025 para identificar ensayos controlados aleatorizados (RCTs) que compararan el tratamiento quirdrgico y no quirdrgico en pacientes
adultos con radiculopatia cervical. Los resultados de interés incluyeron el Indice de Discapacidad Cervical (NDI), dolor en el brazo y dolor
en el cuello (grado de dolor medido mediante la Escala Visual Analégica y la Escala de Calificacion Numérica). Calculamos la diferencia
de medias para cada comparacion y realizamos un metaanalisis convencional de efectos aleatorios. Se incluyeron 4 RCT con un total de
323 pacientes, de los cuales 161 fueron aleatorizados al grupo de cirugia y 162 al grupo de tratamiento no quirdrgico. La puntuacién de la
diferencia de medias (MD) del NDI del grupo quirdrgico frente al no quirdrgico a los 12 meses de seguimiento no presentd una diferencia
estadisticamente significativa (MD: -2,54 95% Cl. -6,33 a 1,24, [2=52%; P=0,19). También se analizaron los resultados a corto plazo, lo
que resultd en una eficacia rapida del tratamiento quirdrgico y una eficacia progresiva de la terapia no quirdrgica en el sequimiento a los
3 meses (MD: -7,61 95% ClI: -12,48 a -2,74; 2=0%, P=0,002) y a los 6 meses (MD: -5,87 95% CI: -9,59 a -2,15; 2=0%, P=0,002). El grupo
quirdrgico se asocid con una reduccion considerable del dolor en el brazo (MD: -1,17, 95% Cl: -1,66 a -0,68; [2=0%,; P<0,00001) y del dolor
en el cuello (MD: -0,84; 95% ClI: -1,38 a -0,31; 12=23%, P=0,002) en el analisis comparativo de ambos grupos. Estos hallazgos sugieren
una asociacion a medio plazo entre la calidad de vida y la reduccion del dolor en pacientes con radiculopatia cervical que se sometieron a
cirugia en comparacion con los tratamientos no quirdrgicos. La comparacion a largo plazo entre la terapia quirdrgica y la no quirdrgica no

mostrd diferencias estadisticamente significativas. Nivel de Evidencia: II; Revisidn Sistematica/Metaanalisis.

Descriptores: Radiculopatia; Tratamiento Conservador; Metaanalisis; Cirugia, Revisién Sistematica.

INTRODUCTION

Cervical radiculopathy is a common neurological condition
resulting from a nerve root compression or impairment, causing
pain and motor symptoms that radiate mainly to the neck, arms
and shoulders." In younger patients, traumatic etiology and disc
herniation are the most common causes of the disease with a rapid
manifestation of symptoms. Degenerative causes, such as spon-
dylosis, are more common in the fifth and seventh decades of life,
typically presenting with a progressive onset of symptoms.? The
annual incidence of cervical radiculopathy reaches 0.8 to 1.8 new
cases per 1,000 person-years, while its prevalence ranges from 1.2
to 5.8 per 1,000 persons.®

Treatment of cervical radiculopathy includes conservative me-
thods and surgical procedures. Nonsurgical therapy is often the
first-line option to manage symptoms for most patients. It typically
includes immobilization, anti-inflammatory drugs, physiotherapy and
cervical traction.”* Several studies have reported good outcomes in
radiculopathy patients treated with nonsurgical therapy.5~ Surgical
therapy encompasses diverse techniques, such as anterior cervical
discectomy and fusion (ACDF) and posterior cervical transfacet
fusion with facetal spacer (PCTF). Previous studies have reported
strong evidence supporting the benefits of surgical intervention for
managing cervical radiculopathy.®®

The indications for surgical versus nonsurgical treatment for cer-
vical radiculopathy patients remain inconclusive. Guidelines suggest
that surgical treatment may have greater efficacy in patients with
severe disease, but the level of evidence is still not robust.* Previous
Randomized Clinical Trials (RCT) comparing surgical and nonsur-
gical therapy for cervical radiculopathy have yielded inconsistent
results.'®'2 Considering the divergence of previous findings and the
limited high-quality evidence in the literature, our study aims to clarify
these conflicting findings. We conducted a systematic review and
meta-analysis to compare the efficacy of surgical and nonsurgical
treatments for cervical radiculopathy.

METHODS

This systematic review and meta-analysis were conducted in ac-
cordance with the guidelines set forth by the Cochrane Collaboration
and the Preferred Reporting Iltems for Systematic Reviews and Meta-
-Analysis (PRISMA) statement guidelines.' The study protocol was re-
gistered in the International Prospective Register of Systematic Reviews
database- PROSPERO (registration number: CRD420251090194).

Eligibility Criteria

The inclusion criteria for studies in this meta-analysis were as
follows: (1) randomized clinical trials; (2) patients with clinical and
radiological diagnosis of cervical radiculopathy (3) treated with any
surgical or conservative nonsurgical therapy; (4) reported the ou-
tcomes of interest; (5) follow-up time =12 months.

The exclusion criteria included any of the following characteris-
tics: (1) Studies including pediatric patients (age <18 years); (2)
Traumatic etiology; (3) Neoplastic etiology; (4) Overlapping patient
populations; (5) Review articles and meta-analyses.

Outcomes of interest

Outcomes of interest included Neck Disability Index (NDI), Arm
pain and Neck pain (Pain scale: Visual Analogue Scale (VAS), Nu-
meric Rating Scale (NRS) or other comparable scale). Follow-up
time of reported outcomes is unrestricted.

Search strategy and data extraction

A comprehensive search was conducted across multiple acade-
mic databases, including PubMed, Embase, and Cochrane Central
Register of Controlled Trials by two authors (TB.S and G.B.G) to
identify studies meeting our inclusion criteria. Results were uploaded
to Rayyan. Duplicates were identified through the function “Detect
Duplicates” in this Al tool, and, after appraising each one of the
possible duplicates and deleting the true ones, studies were then
screened. The search encompassed the available literature up to

Page 2 of 6



SURGICAL VERSUS NONSURGICAL TREATMENT FOR CERVICAL RADICULOPATHY: A SYSTEMATIC REVIEW AND META-ANALYSIS OF RANDOMIZED CONTROLLED TRIALS

July 2025 to identify randomized controlled trials. The following terms
were used in the search: Radiculopathy, Cervical Cord, Cervical
Vertebrae, Surgical procedures, Diskectomy, Spinal Fusion, Surgery,
Conservative treatment, Physical therapy, Exercise therapy, nonsur-
gical, medical management.

In addition, references from included studies and previous sys-
tematic reviews and/or meta-analyses were manually searched to
identify additional studies.

Two authors (T.B.S and G.B.G) independently extracted data
on study characteristics, interventions, and outcomes of interest.
Disagreements were resolved through a consensus after discussing
reasons of discrepancy.

WebPlotDigitizer software was used to extract numerical data
from plots that provides important outcome information.

Statistical analysis

For the efficacy outcomes of interest, a p-value less than 0.05
was considered statistically significant and Mean Difference (MD)
with 95% confidence intervals were used to compare continuous
treatment outcomes for categorical endpoints. Weighted mean diffe-
rences were used to pool continuous outcomes. The Cochran Q test
and 12 statistics were employed to assess heterogeneity; 12 greater
than 50% was considered indicative of significant heterogeneity. A
random-effects model was used for pooled outcomes. Funnel plot
analysis was used to evaluate publication bias. Review Manager
version 5.4 and R software version 4.3.1 was used for statistical
analysis. A random effects meta-analysis was performed.

Quality assessment

The Risk of Bias 2 (RoB 2)'* tool was used to evaluate randomized
interventional studies. This tool consists of five domains that cover all
types of bias that can affect the randomization. After the risk of bias
analysis, each study is classified by low risk, high risk or some concerns.

In cases where conflicts regarding the quality of a particular
study existed, the determination of its quality was made through
consensus between two authors (T.B.S and M.V.R).

RESULTS

Study selection and baseline characteristics

The initial search yielded 1680 results. After removing duplicate
records and ineligible studies, 36 remained and were assessed via
full-text review based on the inclusion criteria. Three studies'®"2 met the

Table 1. Baseline characteristics of included studies.

inclusion criteria, one of which reported two distinct RCTs™ (Figure 1)
In total, 323 patients were randomized with 161 assigned to surgical group
and 162 to nonsurgical group with a mean follow-up time of 1.6 years.

The mean age of surgical and nonsurgical population was similar
(48 vs. 46). Table 1 shows a moderate mean baseline NDI (42.5 vs.
40.9) in the surgical and nonsurgical group. For both groups, there
was a high proportion of smokers (24% vs. 29.5%). Baseline arm
and neck pain scale were also similar between groups. The mean
duration (weeks) of arm pain showed no considerable difference
between surgical and nonsurgical groups (42.7 vs. 41) but the mean
duration of neck pain was 18.4 weeks longer in the nonsurgical
group (52.3 vs. 70.7). The most commonly operated level was
C6/C7 (n = 48 patients).

| PubMed search: 823 results |

|

| Embase search: 758 results |

|

| Cochrane search: 99 results |

|

I Number screened: 1680 results I

—' Duplicate reports (n = 180) |

—| Excluded by title/abstract (n = 1464) |

Full-text reviewed: 36 studies |

—‘ Wrong publication type (n = 16)

—| Overlapping population (n = 6)
—| Others (n=7)

|
—{ Non-randomized trials (n = 4) |
|
I

Figure 1. PRISMA flow diagram illustrating the study identification,
screening, eligibility assessment, and inclusion process. We included 3
studies from 1680 in the initial search.

included studies (n = 3) |

Taso et al., 202512 Disc Taso et al., 202512 Engquist et al., 201310 Lenzi et al., 201611 Total
Herniation Trial (n = 89) |Spondylosis Trial (n = 91) (n = 63) (n_ = 80) (n_ = 323)
Surgery |[Nonsurgical| Surgery |Nonsurgical| Surgery |Nonsurgical| Surgery |Nonsurgical| Surgery |Nonsurgical
(n=45) | (h=44) | n=45) | n=46) | (n=31) | (n=32) | (n=40) | (n=40) | (n = 161) | (n = 162)
Age - mean (SD) | 46 (9) 43 (7) 51 (6) 52 (6) 49 44 46 (13) 45 (13) 48 46
Women — no (%) | 26 (57.8) | 25 (56.8) 18 (40) | 21 (45.7) 17 (54) 13 (40.6) | 19 (475) | 15 (37.56) | 80 (49.7) | 74 (45.7)
Smoker — no (%) | 8 (17.8) 11 (25) 13 (289) | 16 (34.8) 8 (32) 9 (25) NA 29 (24) | 36 (29.5)
NDI - mean (SD) | 44.1 (12.1) | 41.1 (13.5) | 42.4 (13.5) | 38.9 (13.1) | 38.6 (15.1) | 40.1 (13.3) | 44.7 (NA) | 43.6 (NA) 425 40.9
Nethga;'(‘) ?;g')e N 63022 | 6021 | 56022 | 58122 | 52027 | 48122 | 57(NA) | 55 (NA) 5.4 5.5
Armtza;nos((éf?)le); " 6200 | 65018 | 59(17) | 58019 | 4627 | 47@21) | 86NA) | 88 (NA) 5.6 5.7
Arm pain duration
(weeks) - median |27 (16 - 39)|20 (15 - 36)|49 (23 - 74)|35 (24 - 83) 52 68 NA 42,7 41
(IQR)
Neck pain duration
(weeks) - median [29 (16 - 53)[31 (19 - 29)|68 (30 - 30)|97 (31 - 06) 60 84 NA 52,3 70,7
(IQR)
C5/C6 C5/C6 C5/C6 C5/C6 C5/C6 C5/C6 C5/C6 C5/C6
(n=16) (h=0) (n=13) (n=4) (n=14) (h=0) (n=43) (n=4)
C6/C7 C6/C7 C6/C7 C6/C7 C6/C7 C6/C7 C6/C7 C6/C7
Level operated -no. | '_ 5 (n=1) (h=10) (h=2) NA (n=15) (n=0) (n = 48) (h=3)
Both (n = 3) | Both (n = 1) [Both (n = 19)| Both (n = 5) (noihfq) Other (n = 0)[Both (n = 33)| Both (n = 6)

Operated patients on nonsurgical group represents crossovers. IQR: Interquartile Range; NA: Not Available; NDI: Neck Disorder Index; SD: Standard Deviation.
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Anterior cervical discectomy and fusion'®'? and posterior cervical
transfacet fusion with facetal spacer'" were the interventions used
in the surgical group. Nonsurgical therapies consisted of various
methods including physiotherapy, cervical traction, consultation with
rehabilitation physicians, steroids and non-steroidal anti-inflamma-
tory drugs (NSAID). Two trials 2 treated nonsurgical group patients
with three sessions with a physiotherapist and three sessions with
a physical medicine and rehabilitation specialist. One study'® pres-
cribed physiotherapy to be performed daily by the patients at home
and twice a week at the clinic, continued for a minimum of 3-months.
These physiotherapy sessions were divided into: (step 1) neck-
-specific exercises and procedures for pain relief, (step 2) general
exercises and (step 3) pain coping strategies. The only study' wi-
thout physiotherapy consisted of steroids and NSAIDs for the first 6
weeks followed by cervical traction therapy twice a week for 5 weeks.

Pooled analysis of all studies

All studies reported NDI as a primary outcome (Figure 2). Based
on the analysis performed using a random-effects model with the
inverse variance method, the mean difference (MD) in NDI sco-
re between the surgical and nonsurgical groups at 12-months of
follow-up showed no statistically significant difference (MD: -2.54
95% Cl. -6.33 to 1.24; 12=52%; P=0.19). Short-term outcomes were
also analyzed, showing a greater efficacy of surgical treatment at
the 3-months follow-up (MD: -7.61 95% Cl: -12.48 to -2.74; 12=0%;
P=0.002) and 6-months follow-up (MD: -5.87 95% CI: -9.59 to -2.15;
[2=0%; P=0.002). Sensitivity analysis was conducted by removing
studies one by one. For the 12-months follow-up, the sensitivity
analysis showed that after removing one study ', heterogeneity
was eliminated and a statistical difference emerged between groups
(MD: -4.86 95% CI: -9.08 to -0.63; 2=0%; P=0.02).

All studies reported pain using the VAS or NRS as a primary
outcome. A meta-analysis was performed using a random effects
model with the inverse variance method. The surgical group was
associated with a statistically significant reduction in arm pain
(MD: -1.17; 95% CI: -1.66 to -0.68; 12=0%; P<0.00001) (Figure 3)
and neck pain (MD: -0.84; 95% CI: -1.38 t0 -0.31; [2=23%; P=0.002)
(Figure 4) in the comparative analysis of both groups. Outcomes
related to the use of analgesics could not be analyzed due to
non-comparable data.

Quality assessment

The Risk of Bias 2 (RoB 2) tool was used for quality assessment.
Two studies were considered as some concern of bias risk'®'! and
one with low bias risk'?, as described in Figure 5. Both studies with
some concern of bias were judged bias at selection of the reported
results (D5). One study was judged with some concern of bias due
to missing outcome data (D3). Due to the low number of studies,
risk of bias using funnel plot was not possible to be performed.

DISCUSSION

Even though cervical radiculopathy is a common condition affec-
ting the spine, sparse evidence exists about the efficacy of different
treatments, their indications and techniques. The present systematic
review and meta-analysis which included 4 clinical trials, encompas-
sing 323 randomized patients, provides important insights into thera-
peutic choice and efficacy metrics between surgical and nonsurgical
therapy in cervical radiculopathy. The main findings include: (1) a
greater NDI reduction in patients who underwent surgery compared
with nonsurgical therapy at short-term follow-up; (2) significant arm
and neck pain reduction in patients who underwent surgery; (3) no

Experimental

Study or Subgroup Mean [%] SD [%] Total Mean [%]

Control
SD [%]

Mean difference
IV, Random, 95% CI [%]

Mean difference
Total Weight IV, Random, 95% ClI [%]

3.1.1 3 months

Subtotal (Wald2) 129
Test for overall effect: Z = 3.06 (P = 0.002)
Heterogeneity: Tau? (REMLD) = 0.00; Chi = 5.09, df = 2 (P = 0.08); I*= 0%

Test for overall effect: Z = 1.32 (P =0.19)
Heterogeneity: Tau* (REMLD) = 7.52; Chi* = 6.32, df = 3 (P = 0.10); I* = 52%

Test for subgroup differences: Chi? =2.93, df =2 (P=0.23), P=31.7%
Footnotes

aCl calculated by Wald-type method
bTau? calculated by Restricted Maximum-Likelihood method

Lenzi 2016 5.7 80.9 40 53.5 80.9 40 1.9% -47.80[-83.26,-12.34] ———
Taso 2025 - Disc Herniation Trial' 20.1 17.474763 45 26.3 16.686887 42 461% -6.20[-13.38 , 0.98] -
Taso 2025 - Spondylosis Trial** 215 14.801279 44 28.9 17.432617 44 52.0% -7.40 [-14.16 , -0.64] -

3.1.2 6 months

Enquist 2013 216 38.3 30 30.77 38.41 30 3.7% -9.17 [-28.58 , 10.24] —
Lenzi 2016™ 35 554 40 36.2 554 40 2.3% -32.70 [-56.98 , -8.42]

Taso 2025 - Disc Herniation Trial'? 16.8 15.477647 45 232 2.727664 42 655% -6.40 [-11.00 , -1.80] B
Taso 2025 - Spondylosis Trial** 21.1 17.268158 44 23.1 16.116948 44 28.4% -2.00[-8.98 , 4.98] -
Subtotal (Wald?) 159 156 100.0% -5.87 [-9.59 , -2.15] 4
Test for overall effect: Z = 3.09 (P = 0.002)

Heterogeneity: Tau? (REMLD) = 0.00; Chi#=6.03, df = 3 (P = 0.11); I = 0%

3.1.3 12 months

Enquist 2013 247 20.219271 30 33.1 17.675125 30 11.8% -8.40[-18.01,1.21] —t
Lenzi 2016" 1.35 0.225 40 1.45 1.225 40 49.3% -0.10[-0.49,0.29) L
Taso 2025 - Disc Herniation Trial*? 13.8 13.137679 45 19.7 16.045083 42 213% -5.90[-12.09, 0.29] —
Taso 2025 - Spondylosis Trial*? 18.7 16.610324 44 20.1 18.090452 44 17.6% -1.40 [-8.66 , 5.86] ——
Subtotal (Wald2) 159 156 100.0% -2.54 [-6.33, 1.24) ¢

126 100.0% -7.61[-12.48, -2.74]

50 25 0 25 50
Surgery Nonsurgery

Figure 2. Forest plot of 3 months, 6 months and 12 months follow-up of Neck Disability Index. Results show a significant difference in favor to surgical
group with 3 months follow-up and reduction of difference with 6 months. The analysis of 12 months follow-up has no statistical difference. Mean difference
(MD) analysis performed using a random effects model with the inverse variance method. Squares represent the point estimate (MD) for each study, with
the size proportional to the study's weight in the meta-analysis. Horizontal lines indicate the 95% confidence interval (Cl). The diamond represents the
pooled data with a 95% Cl. a = Cl calculated by Wald-type method. b = Tau? calculated by Restricted Maximum-Likelihood method.
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Test for overall effect: Z = 4.67 (P < 0.00001)
Heterogeneity: Tau? (REMLD) = 0.00; Chiz = 1.81, df = 3 (P = 0.61); 1= 0%
Footnotes

aCl calculated by Wald-type method.
bTauz calculated by Restricted Maximum-Likelihood method

Experimental Control Mean difference Mean difference
Study or Subgroup Mean sD Total Mean sD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Enquist 2013 15 2410244 30 26 2544147 30 154% -1.10[-2.35,0.15] —
Lenzi 2016" 0.25 2.57 40 1.8 26 40 188% -1.55[-2.68,-0.42] ——
Taso 2025 - Disc Herniation Trial'? 1 1.997116 45 24 192541 42 355% -1.40[-2.22,-0.58] —a—
Taso 2025 - Spondylosis Trial'? 2 2112073 43 2.7 2137962 44 303% -0.70[-1.59,0.19] —a—
Total (Walda) 158 156 100.0% -1.17 [-1.66 , -0.68] L 2

-4 -2 0 2 4
Surgery Nonsurgery

Figure 3. Forest plot of arm pain scale with 12 months follow-up. Results show a significant difference of 11.7% on arm pain in favor to surgical group.
Mean difference (MD) analysis performed using a random effects model with the inverse variance method. Squares represent the point estimate (MD) for
each study, with the size proportional to the study's weight in the meta-analysis. Horizontal lines indicate the 95% confidence interval (Cl). The diamond
represents the pooled data with a 95% Cl. a = Cl calculated by Wald-type method. b = Tau? calculated by Restricted Maximum-Likelihood method.

Experimental Control Mean difference Mean difference

Study or Subgroup Mean sD Total Mean sD Total Weight IV, Random, 95% CI IV, Random, 95% CI

Enquist 2013 1.4 2276342 30 3.2 2544147 30 16.4% -1.80[-3.02,-0.58]

Lenzi 2016" 03 1.61 40 1 262 40 245% -0.70[-1.65,0.25] S

Taso 2025 - Disc Herniation Trial'* 19 1.997116 45 2.9 2.085861 42 287% -1.00[-1.86,-0.14) —a—

Taso 2025 - Spondylosis Trial*? 2.4 1.949605 43 2.7 1.973504 44 305% -0.30[-1.12,0.52] —a—

Total (Walda) 158 156 100.0% -0.84 [-1.38, -0.31] 3

Test for overall effect: Z = 3.09 (P = 0.002) 4 2 0 2 4
Surgery Nonsurgery

Heterogeneity: Tau? (REMLP) = 0.07; Chi® = 4.23, df = 3 (P = 0.24); I* = 23%

Footnotes

aCl calculated by Wald-type method.

bTau? calculated by Restricted Maximum-Likelihood method.

Figure 4. Forest plot of neck pain scale with 12 months follow-up. Results show a difference of 8.4% on neck pain scale in favor to surgical group. Mean
difference (MD) analysis performed using a random effects model with the inverse variance method. Squares represent the point estimate (MD) for
each study, with the size proportional to the study's weight in the meta-analysis. Horizontal lines indicate the 95% confidence interval (Cl). The diamond
represents the pooled data with a 95% Cl. a = Cl calculated by Wald-type method. b = Tau? calculated by Restricted Maximum-Likelihood method.
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Domains: Judgement
D1: Bias arising from the randomization process.
D2: Bias due to deviations from intended intervention. = Some concerns
D3: Bias due to missing outcome data. . Low
D4: Bias in measurement of the outcome.
D5: Bias in selection of the reported result.

Figure 5. On risk of bias judgement, Engquist, et al.10 and Lenzi, et al.11
was judged with some concern of bias in selection of the reported result
(D5). Lenzi, et al.11 was judged with some concerns of bias due to missing
outcome data (D3). The judgement was made with Risk of Bias 2 (RoB 2)
tool to evaluate randomized interventional studies.

statistically significant difference on NDI after 12-months comparing
surgical and nonsurgical group.

Patients in both surgical and nonsurgical groups reported im-
provements in outcomes. The NDI score had a mean difference of
-7.61 in favor of the surgery group at the 3-months follow-up and
the difference decreased at mid-term follow-up. The 12-months NDI
outcome showed no statistically significant difference between both
groups. Arm and neck pain scales showed a significant reduction
of 1.17 and 0.84, respectively, in favor of surgery at the 12-months
follow-up. These pain scale results are consistent with previous stu-
dies, which conducted meta-analyses with smaller patient samples

and fewer studies on the same scope'®'8, but they still require
cautious interpretation, as small differences may not be clinically
significant. Our meta-analysis is the largest study to date comparing
surgical and nonsurgical therapy for cervical radiculopathy and to
report a robust finding of no statistically significant difference in the
12-months NDI between groups.

The results favoring the surgical group can be attributed to the
intervention itself, the natural course of the disease or a placebo
effect. In general, patients with cervical radiculopathy have high
expectations for surgical treatment.'” Considering that having one’s
expectations fulfilled was the most important predictor of good ou-
tcomes in lumbar decompression surgery,'® the same effect may
influence the perceived efficacy among cervical surgical patients.
An intervention vs. placebo analysis should be performed on the
next studies to compare the influence of the natural course of
the disease and surgical therapy.

Furthermore, only one study reported outcomes with a follow-up
greater than 12 months.'®'® The results reported for NDI after 2 years
showed that, in the surgical group, patients who underwent surgery
continued to improve between 2 to 8 years follow-up. The nonsurgi-
cal therapy group did not show similar improvement. However, this
result could be attributed to the natural course of the disease and
also there was no statistically significant comparison analysis be-
tween groups, making this data needed to be carefully interpreted.

Included studies treated patients with two different surgical in-
terventions. Reported for the first time in 1958,%° ACDF was used
in two studies'®'? and is a usual surgical option to treat cervi-
cal radiculopathy with efficacy well-established in the literature.®
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One study used PCTF as surgical treatment." PCTF is a more recent
surgical option for single and multiple cervical stenosis with com-
parable and consistent results relative to other established surgical
techniques.?'?? Even though a considerable portion of the patients
in our meta-analysis were treated with ACDF, the inclusion of diffe-
rent techniques is a source of heterogeneity. Treatment with PCTF
may have a different efficacy profile compared to ACDF, possibly
explaining why the high heterogeneity (12 = 52%) was reduced when
PCTF trial" was removed during the sensitivity analysis.

Nonsurgical treatment consisted of different therapeutic proto-
cols, including physiotherapy, rehabilitation medicine, cervical trac-
tion, NSAIDs and steroids. This lack of standardization in treatment
methods likely impacted the nonsurgical group’s outcomes. All stu-
dies specified a minimum number of sessions of each nonsurgical
therapy and minimum time of treatment, but did not necessarily
continue for the entire follow-up period. Consequently, the long-term
efficacy of nonsurgical therapy may be underestimated.

Cervical radiculopathy has different causes. Spondylosis is a
degenerative change that generates a slowly progressive onset of
symptoms, whereas disc herniation causes a faster acute or suba-
cute start of symptoms." Spondylosis represents more than 60%
of cervical radiculopathy cases, while disc herniation accounts for
21.9%.2 A different prognosis may be associated with each etiology
considering different pathophysiological mechanisms and typical
affected age range. Comparing our overall results with Spondylosis
Trial'?, our findings show a predictable similarity, which is expected
given that spondylosis is the most common etiology of the disease.
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Limitations

There are several limitations to our study. Firstly, the design of
the included studies limits our ability to analyze the natural course
of the disease relative to surgical and nonsurgical efficacy. The lack
of standardized treatment in nonsurgical group and the inclusion
of patients with different etiologies may have interfered with the
results, potentially reducing the measured efficacy. Also, significant
heterogeneity was detected (12 = 52%) in the 12-month NDI analysis.
This variability can be attributed to differences in the interventions
used in both groups. The risk of bias assessment raised “some con-
cerns”, specifically regarding the selection of reported results in two
studies.'®'" Therefore, all results must be interpreted with caution.

CONCLUSION

In conclusion, this systematic review and meta-analysis com-
pared surgical and nonsurgical treatment of cervical radiculopathy.
The results of this study have significant implications for clinical
practice regarding this controversial topic. We found no statistically
significant difference in NDI scores between the surgical and non-
surgical groups after 12 months of follow-up. However, pain scale
outcomes showed a difference in favor of the surgical group. Surgi-
cal therapy resulted in a faster improvement of symptoms, but this
large advantage diminishes in the mid and long-term. Considering
these results, the treatment choice must be individualized to each
patient’s characteristics and preferences, balanced against the cost
and risks of surgery.
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