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A B S T R A C T

Background: A clinical prediction rule (CPR) for cervical radiculopathy (CR), published in 2003, is widely used in 
practice and recommended in clinical practice guidelines. To date, this CPR has not been independently 
validated.
Objective: To perform an independent broad validation of the 2003 CPR using magnetic resonance imaging (MRI) 
as reference standard, and to investigate whether an alternative test cluster has stronger diagnostic utility for 
identifying CR with radicular pain
Methods: This prospective diagnostic accuracy study was conducted following the updated STARD 2015 guide-
lines. Eighty-five individuals (27 with CR) were included from 109 consecutive patients. The diagnosis of CR was 
based on cervical spine MRI findings consistent with the patient’s clinical features, symptoms, and neurological 
examination, interpreted by a neurosurgeon. Twelve clinical tests were performed by the same examiner blinded 
to diagnosis.
Results: Validation of the 2003 CPR (cervical distraction, Spurling’s test, upper limb neurodynamic test (ULNT) 1, 
and cervical rotation <60◦) produced diagnostic values comparable to the original study. Our independent 
cluster based on backwards stepwise regression identified three variables: (1) modified (passive) shoulder 
abduction test, (2) Spurling’s arm pain test, and (3) ≥2 of 4 ULNTs positive. With this new cluster, having all 
three tests positive provided an infinite LR+ and a 100 % post-test probability, identifying 37.0 % of CR with 
radicular pain cases compared to 17.9 % in the original 2003 cluster (4/4 positive tests).
Conclusion: This study findings corroborate the original 2003 CPR and identified a new cluster that had stronger 
diagnostic utility for CR with radicular pain.

Introduction

Cervical radiculopathy (CR) comprises mechanical compression, 
neuropraxia, or chemical irritation of the nerve roots,1 resulting in 
characteristic signs and symptoms of arm pain, paresthesia, arm muscle 
weakness, reduced deep tendon reflexes, and exacerbation of symptoms 
with neck movements.2 Radicular patterns of symptoms vary depending 
on the involved nerve root, although some distributional overlap may 

exist.3 The condition is more common in individuals aged 20 to 50 years 
and is considered a ‘clinical diagnosis with imaging confirmation’, 
which is most frequently performed with magnetic resonance imaging 
(MRI).4,5

The North American Spine Society clinical practice guidelines,6
recommend a careful evaluation of patient history and clinical signs and 
symptoms, as well as the judicious use of clinical tests such as shoulder 
abduction sign (e.g., Bakody’s test) and Spurling’s test. Past reviews 
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have advocated similar tests.7,8 However, considering the sensitivity and 
specificity of individual tests, authors reported limitations in using sin-
gle test findings for diagnosis,9 a phenomenon known as “stand alone” 

weakness. Moreover, studies have reported that historical questions 
have poor diagnostic validity,10 justifying the use of validated combi-
nations of physical tests to confirm the CR diagnosis. A past study built a 
clinical prediction rule (CPR),10 which combined test findings into a 
“single diagnostic test item cluster” to provide a more robust assessment 
of CR. The CPR included four tests: 1) upper limb neurodynamic test, 2) 
Spurling’s test, 3) cervical distraction, and 4) cervical rotation range of 
motion deficit on the side of radicular symptoms less than 60 degrees. To 
date, the CPR, which Wainner and colleagues published in 2003, has yet 
to be replicated and externally validated.

There are three main stages in the development of CPRs: 1) deriva-
tion, 2) external validation, and

3) impact analysis to determine their influence on patient care.11

Within the external validation stage, both narrow and broad validations 
are advocated.11 Narrow validation involves replication in a similar 
clinical setting, using a similar population of patients. Broad validation 
comprises testing in widely variable clinical settings, in populations with 
varying degrees of disease severity and prevalence. A majority of 
derived CPRs never reach the validation phase,12 or fail validation when 
tested especially in unique patient populations.13 The objectives of our 
study were 1) to perform an independent broad validation of the 2003 
CPR,10 using clinical examination and MRI as the reference standard and 
2) to investigate whether a novel cluster of tests had a stronger diag-
nostic utility. We hypothesized that despite a difference in reference 
standards (the 2003 paper used electromyography as a reference stan-
dard), the CPR will still demonstrate strong diagnostic accuracy when 
discriminating CR and would represent the strongest cluster of tests 
evaluated.

Methods

Study design

The study was a prospective diagnostic accuracy study with a 
consecutive cohort of patients presenting with neck pain and/or radic-
ular symptoms (radicular pain, paresthesia, sensory or motor deficits). 
All diagnostic decisions were made under conditions of diagnostic un-
certainty. The non-CR group in our design represents individuals in 

which the clinician would differentially diagnose in a true given clinical 
setting. To improve the transparency of reporting, we followed the 
updated 2015 Standards for Reporting Diagnostic accuracy studies 
(STARD).14 The study was conducted in accordance with the ethical 
principles and the Helsinki Declaration on research involving human 
subjects and was approved (n◦2212189v0).

Participants

Participants included consecutive patients presenting with neck pain 
and/or radicular symptoms, referred by a general practitioner or 
specialist between September 2017 and September 2019 to a Neuro-
surgery Department. This unfiltered recruitment approach was intended 
to reflect the clinical heterogeneity typically encountered in routine 
practice. All participants received the same diagnostic work-up, 
including an MRI, and were included for analysis (Fig. 1). Inclusion 
required reporting neck pain and/or arm pain of at least 3-months in 
duration, age 18 to 65 years, self-report of pain of at least 30 and less 
than 80 on a 100 mm visual analogue scale (VAS)17,18 during the pre-
vious 24 hours, self-report of a score of ≥20 % on the Neck Disability 
Index questionnaire (NDI),17,19 and symptoms of at least 3-months in 
duration. Potential subjects were excluded if they had suffered signifi-
cant neck trauma at the time of the study, had a history of neck or arm 
surgery, inflammatory joint condition or arthritis, fibromyalgia, dia-
betes, psychiatric disorders, pregnancy, cardiovascular or neoplastic 
pathology, cervical myelopathy, pyramidal or extrapyramidal pathol-
ogy, or were unable to speak or write in French.

Test methods

Index tests

We analyzed 12 clinical tests or findings from the patient history in 
comparison to the diagnostic reference standard. No intervention 
occurred between the index test(s) and reference standard, which were 
performed on the same day. The clinical tests were the same as those 
previously studied by Wainner et al’s including all four upper limb 
neurodynamic tests (ULNT). The same physical therapist with 10 years 
of experience in neck pain management, and advanced certification for 
orthopedic assessment performed the clinical tests one hour after the 
clinical/MRI diagnosis. The physical therapist conducting the clinical 

Fig. 1. Consort flow of study patients.
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tests was blinded to the patient's medical history and final diagnostic 
conclusions. Clinical tests included a modified shoulder abduction relief 
test (Bakody’s sign), performed passively by maintaining the patient’s 
hand on the head for 5 seconds to avoid pain from active execution (e.g., 
shoulder pain, apprehension). Spurling’s test with reproduction of 
familiar neck symptoms, Spurling’s test with reproduction of familiar 
arm symptoms. The cervical distraction test (~14 kg for 10 s),10 and four 
upper limb neurodynamic tests (ULNT1, ULNT 2a, ULNT 2b, and 
ULNT3),15 with reproduction of familiar symptoms and structural dif-
ferentiation,20,21 cervical rotation <60◦, neck range of motion ipsila-
teral<contralateral, age >48 years, duration of symptoms<62 weeks, 
which are described in the online material.

The age and duration of symptoms cut offs were recommended after 
using area under the curve threshold assessments. Cut offs were deter-
mined with duration of symptoms <62 weeks, and age >48 years. Tests 
were considered positive or negative if they met the preset criteria 
(online material), and indeterminate if the patient was unable to tolerate 
the test position to allow test completion.

Reference standard

The diagnosis of CR or a competing diagnosis was made by a single 
neurosurgeon, who was masked to the results of the 12 clinical test 
findings (which occurred after the diagnosis and were not part of the 
neurosurgeon’s examination). The surgeon had 15 years of experience 
and based the diagnosis of CR on the following criteria: 1) history and 
presence of dermatomal radicular pain and/or symptoms (dysesthesia, 
sensory deficit, muscle weakness, or altered reflexes) attributable to a 
CR and 2) presence of MRI findings with nerve root compression or 
irritation due to disc herniation or foraminal stenosis at a relevant 
segmental level (i.e., the same or adjacent level) on the ipsilateral side 
consistent with the patient’s symptoms and neurological examination 
findings.4

Analysis

Statistical analyses were performed using IBM SPSS version 26.0 
Statistics for Windows, version 26 (IBM Corp., Armonk, N.Y., USA). 
Descriptive statistics were calculated as means and standard deviations 
(SD), frequencies, and percentages were tabulated to describe the 
included participants. Differences among those diagnosed with CR and 
those with competing conditions were evaluated with Wilcoxon rank- 
sum tests for continuous variables and chi-square or Fisher exact for 
categorical variables. All 12 clinical tests and the condition of 1 of 4, 2 of 
4, 3 of 4, and 4 of 4 positive ULNT were individually examined for 
diagnostic accuracy against the MRI reference standard. Contingency 
tables (2 × 2) were used to calculate sensitivity and specificity, likeli-
hood ratios (positive likelihood ratio [LR+]; negative likelihood ratio 
[LR−]), and posttest probabilities with a positive and negative finding 
for each single test. Receiver operating characteristic (ROC) curves were 
used to determine all previously mentioned possible cut-off values for 
age and symptoms duration. Sensitivity was defined as the proportion of 
individuals with cervical radiculopathy who had a positive test, while 
specificity was defined as the proportion of individuals without cervical 
radiculopathy who had a negative test. LR+ and LR− were calculated 
using the following formula:

LR+ = sensitivity / (1 − specificity); LR− = (1 − sensitivity) / 
specificity.

Post-test probability was calculated using Bayes’ theorem, based on 
the pre-test probability and LR:

– Post-test probability with a positive finding = (pre-test probability ×
LR+) / [(pre-test × LR+) + (1 - pre-test)]

– Post-test probability with a negative finding = (pre-test probability ×
LR-) / [(pre-test × LR-) + (1 - pre-test)]

We ran two independent cluster analyses to test our two objectives.
For our first objective (broad validation of the 2003 CPR), we 

included the same clinical tests (upper limb neurodynamic test, Spurl-
ing’s test, cervical distraction, and range of motion deficit to the side of 
symptoms less than 60 degrees) that were used by Wainner and col-
leagues.10 Using a similar strategy, we clustered the findings into con-
ditions of 1 of 4, 2 of 4, 3 of 4, and 4 of 4 positive findings. Independent 
diagnostic accuracy values were run for each condition (e.g., 1 of 4, 2 of 
4, etc.).

For our second objective (creation of a novel CPR), we identified the 
conditionally independent variables from the individual 2 × 2 analyses 
that yielded LR+ above 1.5 or LR− below 0.5 for a backward stepwise 
logistic regression analysis. This analysis was used to select variables, 
with p values of 0.15 to exit the model and 0.10 to enter it. This is a 
similar strategy to that used by Wainner and colleagues in 2003. Vari-
ables retained by the regression model were used to cluster findings and 
were then inputted into similar conditions (e.g., 1 of N, 2 of N, etc.). For 
each condition, sensitivity, specificity, positive and negative likelihood 
ratios, and post-test probabilities for both positive and negative findings 
were analyzed.

Results

Our study included 85 patients, including 31.7 % (n = 27) diagnosed 
with CR, whereas the non-CR group included 58 people, 42 of whom 
presented with neck without CR, 12 with peripheral nerve entrapment, 
and 4 with diffuse shoulder pain. The CR group presented with a 
significantly higher proportion of females and a longer duration of 
symptoms versus the non-CR group (Table 1). No adverse events from 
performing the index test or the reference standard were reported. The 
individual diagnostic accuracy values of our 12 pre-selected clinical tests 
are summarized in Table 2. The highest sensitivity was observed with 
one of the four ULNT tests, which had a sensitivity of 96.3 % and reached 
a post-test probability with a positive finding of 45.1 %. In contrast, the 
Spurling test demonstrated the highest specificity, with a positive like-
lihood ratio (LR+) of 34.37 (95 %CI = 4.80, 245.98) and a post-test 
probability with a positive finding of approximately 94.10 %. The 
strongest individual test for ruling out was cervical distraction, in which 
a negative test resulted in a post-test probability of 11.86 %. Table 3
explores the broad validation of Wainner’s 2003 cluster,10 with the four 
following tests: 1) cervical distraction, 2) Spurling’s, 3) ULNT 1, and 4) 
cervical range of motion less than 60◦ to the ipsilateral side. Our findings 
show that the condition of 1 out of 4 positive tests was the most sensitive 
combination whereas the condition of 4 out of 4 four tests was the most 
specific. When none of the tests were positive, it ruled out all cases of CR 
(LR-=0.00; post-test probability = 0 %). The condition of having four 
out of four positive test results yielded an infinite LR+ and a post-test 
probability of 100% for confirming the diagnosis of cervical radiculop-
athy, however, having all four positive tests identified 17.9 % of patients 
with CR (Table 3).

For our second objective, we evaluated an independent cluster using 
the test findings. Eight of the tests (shoulder abduction, cervical 

Table 1 
Sampling statistics.

Cervical radiculopathies 
(CR) (n=27)

Non CR-group 
(n=58)

Age 43.96 (8.94) 45.27 (9.74)
Sex 12 males/15 females 13 males/45 

females
Side (right) 12 right ; 15 left 33 right ; 25 left
Body Mass Index (kg/m²) 24.73 (3.91) 24.88 (4.97)
Duration of symptoms (self- 

report) in months
93.25 (98.41) 70.51 (62.31)

Neck Disability Index (%) 38.16 (14.14) 43.07 (13.90)
Visual Analog Scale for Pain 

(0–100 mm)
51.4 (15.8) 50.3 (15.3)

* Statistically significant difference between CR and non-CR groups (p < 0.05)
CR: Cervical radiculopathy
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distraction, Spurling’s neck pain, Spurling’s arm pain, and the four 
ULNT) met our a priori criteria for inclusion in the backward stepwise 
regression.

This analysis identified three variables that were included in the final 
model: 1) Modified shoulder abduction test, 2) Spurling’s arm pain test, 

and 3) 2 of 4 positive ULNT. The condition '2 out of 4 ULNTs’ was 
considered as a single composite variable, meaning any two positive 
results among the four described ULNTs. When none of the tests were 
positive, it ruled out all cases of CR (posttest probability=0 %). Having 
three out of three tests positive led to an infinite LR+ and a post-test 

Table 2 
Sensitivity, specificity, likelihood ratios, and post-test probabilities of single test findings (Pre-test prevalence = 31.7 %).

Test Sensitivity 
(95% CI)

Specificity 
(95% CI)

LRþ (95% CI) LR- (95% 
CI)

Posttest probability with a 
positive finding

Posttest probability with a 
negative finding

Shlouder Abduction test 77.78 (57.74, 
91.38)

62.07 (48.37, 
74.49)

2.05 (1.39, 
3.02)

0.36 (0.17, 
0.75)

48.85 (39.21, 58.36) 14.31 (7.31, 25.82)

Cervical distraction 88.89 (70.84, 
97.65)

37.93 (25.51, 
51.63)

1.43 (1.12,1.82) 0.29 (0.10, 
0.89)

39.89 (34.20 45.79) 11.86 (4.43, 29.23)

Spurling’s (Neck) 70.37 (49.82, 
86.25)

58.62 (44.93, 
71.40)

1.70 (1.15, 
2.52)

0.51 (0.27, 
0.94)

44.10 (34.80, 53.90) 19.14 (11.13, 30.37)

Spurling’s (Arm) 59.26 (38.80, 
77.61)

98.28 (90.76, 
9.96)

34.37 (4.80, 
245.98)

0.41 (0.26, 
0.65)

94.10 (69.01, 99.13) 15.98 (10.76, 23.17)

ULNT 1 59.26 (38.80, 
77.61)

75.86 (62.83, 
86.13)

2.46 (1.41, 
4.27)

0.54 (0.33, 
0.87)

53.30 (39.55, 66.46) 20.04 (13.28, 28.76)

ULNT 2a 70.37 (49.82, 
86.25)

72.41 (59.10, 
83.34)

2.55 (1.5, 4.14) 0.41 (0.22, 
0.75)

54.20 (42.15, 65.77) 15.98 (9.26, 25.82)

ULNT 2b 55.56 (35.33, 
74.52)

75.86 (62.83, 
86.13)

2.30 (1.30, 
4.06)

0.59 (0.38, 
0.92)

51.63 (37.63, 65.33) 21.49 (14.99, 29.92)

ULNT 3 40.74 (22.39, 
61.20)

93.10 (83.27, 
98.09)

5.91 (2.07, 
16.87)

0.64 (0.46, 
0.88)

73.28 (48.99, 88.65) 22.95 (17.59, 28.99)

Cervical rotation <60◦ 62.96 (42.37, 
80.60)

50.00 (36.58, 
63.42)

1.26 (0.85, 
1.85)

0.74 (0.43, 
1.29)

36.90 (28.29, 46.19) 25.56 (16.63, 37.45)

Cervical rotation ROM 
Ipsilateral < Contralateral

33.33 (16.52, 
53.96)

74.14 (60.96, 
84.74)

1.29 (0.65, 
2.57)

0.90 (0.66, 
1.22)

37.45 (23.17, 54.39 29.46 (23.44, 36.15)

Age >48 years 29.63 (13.75, 
50.18)

60.34 (46.64, 
72.95)

0.75 (0.39, 
1.45)

1.17 (0.85, 
1.61)

25.82 (15.32, 50.22) 35.19 (28.29, 42.76)

Duration of symptoms <62 
weeks

55.56 (35.33, 
74.52)

46.55 (33.34, 
60.13)

1.04 (0.69, 
1.57)

0.95 (0.58, 
1.58)

32.55 (24.25, 42.15 30.60 (21.20, 42.30)

1 of 4 ULNT positive 96.30 (81.03, 
99.91)

46.55 (33.34, 
60.13)

1.80 (1.40, 
2.32)

0.08 (0.01, 
0.56)

45.51 (39.38, 51.84) 3.58 (0.46, 20.62)

2 of 4 ULNT positive 85.19 (66.27, 
95.81)

74.14 (60.96, 
84.74)

3.29 (2.07, 
5.23)

0.20 (0.08, 
0.50)

60.42 (48.99, 70.82) 8.49 (3.59, 18.83)

3 of 4 ULNT positive 44.44 (25.48, 
64.67)

96.55 (88.09, 
99.58)

12.89 (3.10, 
53.62)

0.58 (0.41, 
0.81)

85.71 (59.06, 96.14) 23.24 (18.57, 28.82)

SPECIFICITY (95 % CI)
LR+
(95 % CI)
LR-
(95 % CI)
Posttest probability with a positive finding
Posttest probability with a negative finding
Pre-test prevalence = 31.7 %
95 % CI: 95 % confidence interval
Inf: Infinite
ULNT: Upper Limb Neurodynamic test
ROM: Range of motion

Table 3 
Diagnostic accuracy of Wainner et al.’s CPR – performance of the original test cluster.

Conditions Sensitivity (95 % 
CI)

Specificity (95 % 
CI)

LR+ (95 % CI) LR- (95 % 
CI)

Post-test probability with a positive 
finding (95% CI)

Post-test probability with a negative 
finding (95% CI)

One of four tests 
positive

100 (88.8, 100) 15.8 (10.3, 15.8) 1.18 (0.98, 
1.19)

0.00 (0.00, 
1.09)

35.39% (31.26, 35.58) 0.00% (0.00, 33,59)

Two of four tests 
positive

82.1 (65.7, 92.9) 59.6 (57.6, 64.9) 2.04 (1.36, 
2.64)

0.29 (0.11, 
0.66)

48.63% (38.7, 55,06) 11.86% (4.86, 23.45)

Three of four tests 
positive

67.9 (52.7, 78.1) 91.2 (83.8, 96.2) 7.73 
(3.24,20.74)

0.35 (0.23, 
0.56)

78.20% (60.06, 90.59) 13.97% (9.65, 20.63)

Four of four tests 
positive

17.9 (8.5, 17.9) 100(95.4, 100) Inf (1.85, Inf) 0.82 (0.82, 
0.96)

100.00% (46.20 , 100.0) 27.57% (27.57, 30.82)

Four tests include (1) cervical distraction, (2) Spurling’s, (3) Upper Limb Neurodynamic test 1, (4) Cervical rotation range of motion less than 60◦ to ipsilateral side.
Pre-test prevalence = 31.7 %
95 % CI: 95 % confidence interval
Inf: Infinite
LR+: Positive likelihood ratio
LR-: Negative likelihood ratio
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probability of 100 % for confirming the diagnosis of cervical radicul-
opathy. When all three of the conditions were positive, no individuals 
without radiculopathy were identified as positive (post-test proba-
bility=100 %). Two of three positive tests yielded a LR+ of 7.06 (95 % 
CI=3.63, 12.20) and a LR- of 0.17 (95 %CI=0.06, 0.37) (Table 4).

Discussion

Since the 2003 publication,10 Wainner et al.’s clinical prediction rule 
for CR has been included in clinical practice guidelines,16 and is used 
frequently in clinical practice settings. The study has been cited over 500 
times but, to date, has not been independently (externally) validated in a 
separate study by a different authorship group. Our study objectives 
were to 1) broadly validate the CR clinical prediction rule and 2) eval-
uate whether another rule was as effective or more effective than the 
2003 rule created by Wainner and colleagues.10 We were able to 
accomplish both tasks.

The broad validation of the 2003 CPR (Distraction, Spurling’s test, 
Ipsilateral cervical rotation <60◦, and ULNT1),10 resulted in very similar 
diagnostic metrics for all categories. In fact, our results yielded a slightly 
better posttest probability with 2, 3, or 4 positive conditions (48.6 %, 
78.2 %, and 100 %, respectively) compared to those reported by 
Wainner et al.10 (21 %, 65 %, and 90 %, respectively) (Table 4).

Based on Wainner's test cluster, the probability increases to 
approximately 49 %, which is insufficient to establish a diagnosis. 
However, a diagnosis of cervical radiculopathy can be considered when 
at least three out of four tests are positive (78.2 %). Furthermore, when 
none of the four test findings were positive in our study, it completely 
ruled out the presence of CR (post-test probability=0 %). Wainner and 
colleagues did not report the LR- of their cluster nor did they calculate a 
post-test probability when none of the findings were present.10 Our re-
sults suggest that the CPR demonstrated both rule-in and rule-out utility 
when dedicated conditions (i.e., 1 of 4 versus 4 or 4) are evaluated. 
Whereas minor variations in diagnostic metrics are expected when 
examining a completely different study sample, we feel that other fac-
tors that are unique to our methodology are also worth reporting. For 
example, a positive test finding in our study for Spurling’s arm pain/s-
ymptoms test included reproduction of familiar arm signs or symptoms. 
Our results with a LR+ of 34.37 are consistent with previous studies 
reporting values between 6.75,22 8.93,23 to infinity,24 particularly when 
peripheral radicular pain or symptoms were provoked. While Wainner 
and colleagues defined Spurling’s A as positive when symptoms were 
reproduced (either in the arm or the neck),10 we analyzed these two 
symptoms reproduction separately. Our results suggest that arm symp-
tom reproduction has greater diagnostic value for cervical radiculopathy 
with radicular pain. Reproduction of familiar neck pain alone resulted in 
a poor LR+ (1.70) and posttest probability with a positive finding (44.1 

%), which is also similar to past findings based on non-specific “symp-
toms reproduction” of the Spurling test, with LR+ ranging from 0.93,25

2.1,10 to 6.75.22 Our definition of a positive ULNT test and the combined 
ULNT tests are also unique to our study. For those diagnosed with CR, we 
found that 85 % had 2 of 4 ULNT positive findings whereas 37 % of 
patients with CR had 3 of 4 ULNT positive findings. Previous evidence 
suggested that a fully negative ULNT profile is rare in patients with 
cervical radiculopathy and radicular symptoms, and no individual ULNT 
has demonstrated clear diagnostic superiority for CR diagnosis.21 In our 
study, the variable “≥2 ULNTs positive” — retained in the regression 
model — exhibited greater diagnostic utility than single ULNTs, 
particularly when interpreted alongside other clinical tests. Based on 
this finding, we would recommend the use of a ULNT cluster when 
assessing the potential for CR. To the best of our knowledge no previous 
published study assessed this condition of 2 of 4 ULNT positive findings 
in a cluster of tests for CR diagnosis.

Our second objective was to explore whether a separate combination 
of findings led to a better diagnostic cluster than Wainner’s original 
tool.10 While our findings corroborate the original 2003 CPR, we also 
identified a new cluster that yielded slightly better post-test probability 
results than the replication of Wainner et al.'s CPR. Our best combina-
tion of tests incorporated: 1) the Modified shoulder abduction test, 2) 
Spurling’s arm pain test, and 3) at least two of four ULNT positive. As 
with the Wainner CPR, having all four tests negative rules out a CR 
diagnosis (post-test probability of 0 %). When all the tests were positive 
one is also able to rule in CR, with a post-test probability of 100 %.

One potential benefit of our cluster, despite having to perform up to 
six tests (shoulder abduction, Spurlings’s, ULNT1, ULNT2a, ULNT2b, 
and ULNT3) versus four tests in Wainner’s cluster (range of motion, 
Spurlings’s, Distraction and ULNT1) is the number of individuals with 
CR that are correctly identified with our combination. Over 37 % of 
individuals with CR were captured when 3 of 3 conditions were positive 
in our study (100 % post-test probability), whereas only 17.9 % of with 
Wainner’s 4 of 4 cluster (100 % post-test probability). This suggests that 
many subjects are missed in Wainner’s rule that are less likely mis-
diagnosed in our cluster.

Although the Shoulder Abduction relief test (Bakody’s sign) has been 
commonly described in the past in CR diagnosis,26–28 few studies have 
assessed its diagnostic validity. Previous studies reported similar LR+
(Wainner 2.1; Sleijser-Koehorst 1.88; Viikari-Juntura 3.03; Gashemi 
1.33). Previous studies reported sensitivities that have ranged from 17 % 
(Wainner) to 50 % (Sleijser-Koehorst) in comparison with 77.78 % in 
our study. The shoulder abduction test was performed differently in our 
study versus previous studies by Gashemi et al,25 Viikari-Juntura et al,22

Sleijser-Koehorst et al,28 and Wainner et al,10 as we had the examiner 
passively maintain the hand on the patient’s head for 5 seconds. This 
may be the reason for the increased sensitivity findings in our study, 

Table 4 
Diagnostic accuracy of the novel clinical test cluster.

Conditions Sensitivity(95 % 
CI)

Specificity (95 % 
CI)

LR+(95 % CI) LR-(95 % CI) Posttest probability with a 
positive finding

Posttest probability with a 
negative finding

One of three tests 
positive

100 (86.6, 100) 43.10 (36.8, 43.1) 1.75 (1.37, 
1.75)

0.00 (0.00, 
0.35)

44.82 % (38.87, 44.82) 0.00 % (0.00, 13.97)

Two of three tests 
positive

85.2 (69.8, 94.5) 87.9 (80.8, 92.3) 7.06 (3.63, 
12.20)

0.17 (0.06, 
0.37)

76.62 % (62.75, 84.99) 7.31 % (2.71, 14.66)

Three of three tests 
positive

37.0 (25.2, 37.0) 100 (94.5, 100.0) Inf (4.57, Inf) 0.63 (0.63, 
0.79)

100.00 % (67.96, 100) 22.62 % (22.62, 26.83)

Pre-test prevalence = 31.7 %
Three tests include (1) shoulder abduction, (2) Spurling’s arm, and (3) at least 2 ULNT positive.
The condition 'at least 2 Upper Limb neurodynamic tests positive' was considered as a single composite variable, meaning any two positive results among the four 
described ULNTs
95 % CI: 95 % confidence interval
Inf: Infinite
LR+: Positive likelihood ratio
LR−: Negative likelihood ratio
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which influenced the combined modeling of multiple tests.
Consideration needs to be given to the relative merit of clinical tests 

for relief and provocation of neck and arm symptoms. Some patients 
with CR may not have arm pain or symptoms at rest, hence achieving a 
reduction in symptoms is not possible during selected relief tests such as 
the neck distraction and shoulder abduction test. This might explain 
why relief of neck or arm symptoms are included as indicative of a 
positive test for both the Shoulder abduction test and Spurling’s test.10

This may also explain why tests evaluating symptom relief are more 
sensitive and provocation tests (Spurling‘s test and ULNT) were more 
specific. Further studies are necessary to investigate the accuracy of 
different criteria for positive tests in patients with CR with varying 
severity of neck and/or arm symptoms.

The disparity in pre-test probability between our study (32 %) and 
Wainner's study (23 %) may be explained by differences in inclusion 
criteria (not detailed) and the use of EMG as the gold standard (versus 
clinical examination and MRI), which can yield negative results if per-
formed before denervation or after complete reinnervation.29 We aimed 
to minimize pre-selection bias and reported a pre-test prevalence of CR 
(31.7 %) similar to that observed by Wainner et al. (23 %) in primary 
care settings.10 Although our novel cluster demonstrated clinically 
meaningful diagnostic performance — with a LR− < 0.1 (strong 
rule-out) when all tests were negative and an infinite LR+ (definitive 
rule-in) when all were Positive —30 post-test probabilities should always 
be interpreted within the clinical context. These values may differ in 
settings with higher pre-test prevalence, such as multidisciplinary re-
ferrals (49 %),28 or electrodiagnostic testing (79 %).25

A potential limitation of our study is the small sample size of 85 
(including 27 people with CR), which may lead to less precision (e.g., 
wide confidence intervals). More impaired cases on the spectrum of CR 
might be represented in our sample.31,32 The reference standard was 
determined by only one clinician while another evaluated all clinical 
tests. Although the clinical tester was blinded to the diagnosis of the 
patient, the transferability of their findings is unknown, since we did not 
test interrater agreement related to the index tests studied. This new 
cluster should also be interpreted with caution due to the regression 
model employed. Backwards stepwise regression method has the po-
tential for unstable selection and overfitting.33 Further validation of this 
new cluster is required with a larger sample of patients with CR in 
diverse clinical settings (with no radicular pain, with posterolateral or 
foraminal or lateral recess radiculopathy), and larger non-CR group 
populations (cervicobrachial pain, thoracic outlet syndrome, etc.), and 
with more examiner and reference standards including those evaluating 
nerve small fiber function and other forms of imaging such as magnetic 
resonance neurography.

Conclusion

Our findings broadly and independently validate the 2003 CPR for 
CR by Wainner and colleagues,10 and support its continued use in clin-
ical practice. We were also able to identify a unique diagnostic cluster 
for CR with radicular pain that involved 1) a modified shoulder 
abduction test for arm pain relief, 2) Spurling’s test for arm symptoms 
provocation, and 3) at least 2 positive ULNTs. This new cluster ruled out 
all cases of CR when none of the tests were positive (post-test probability 
= 0 %) and it ruled in the CR diagnosis when two of three tests were 
positive (LR+ of 7.13 and post-test probability with a positive finding of 
76.79 %). When all three criteria are positive the LR+ is infinite and 
post-test probability with a positive finding 100 %.
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