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0.23 and an AUC of 0.74 (95% ClI: 0.66, 0.81) after peripheral nerve injuries, rehabilitation

ompression or inflammation of a cervical nerve root may lead to various
symptoms, such as arm pain, sensory changes, and/or muscle
weakness.*® Several terms are used to reflect the symptomatology
that results from cervical nerve root involvement, including radicular
pain and/or radiculopathy.?332 While radicular pain refers to the pain that occurs
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as a result of nerve root involvement,
radiculopathy pertains to neurological
deficits, such as sensory changes, muscle
weakness, or altered reflexes, associated
with nerve root compression.?!17.28:32
When radicular pain and radiculopathy
coincide, this is referred to as painful
cervical radiculopathy.'”?® Incongruously,
the term cervical radiculopathy also has a
broader use, referring to radicular pain,
neurological deficits, or a combination
thereof.’121732 The inconsistent use of
terms complicates interpreting, applying
and comparing results.!:132528
Musculoskeletal health care providers
regularly encounter patients with symp-
toms that suggest cervical nerve root in-
volvement. Therefore, determining the
likelihood of cervical nerve root involve-
ment is important for diagnosis. This
can be challenging, however, because
symptom presentation varies. Com-
mon signs and symptoms, such as neck
and arm pain, scapular pain, or sensory
changes, are not unique to cervical nerve
root involvement, making differential di-
agnosis difficult.’*92? In clinical practice,
clinicians combine information from the
patient interview and clinical exami-
nation to determine the likelihood of
cervical nerve root involvement.!%12%!
Individual items from the patient in-
terview?® and clinical examination® have
too little diagnostic value, and it is recom-
mended that future research focuses on
determining the most useful combination
of items from either the patient interview,
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the clinical examination or a combina-
tion thereof. In addition, it would be
informative to know to what extent the
diagnosis can be based solely on infor-
mation from the patient interview, and
to get more insight into the added di-
agnostic benefit of the clinical tests for
making the diagnosis. Therefore, we
aimed to develop and internally validate
3 multivariable diagnostic models to di-
agnose cervical nerve root involvement,
based on items from (1) the patient in-
terview, (2) clinical examination, and (3)
both the patient interview and clinical
examination.

METHODS

he models were derived from

data of a prospective diagnostic

study.? The study was approved
by the Medical Ethics Committee of
the Elisabeth Hospital in Tilburg, The
Netherlands (METC-2013-02). All par-
ticipants signed an informed consent
form before participating. More details
on the procedures have been reported
previously.?? The methods and results
are reported according to recommenda-
tions made in the Transparent Report-
ing of a multivariable prediction model
for Individual Prognosis or Diagnosis
(TRIPOD) statement.52!

We included consecutive participants
with a suspicion of cervical nerve root
involvement who were referred to a
multidisciplinary clinic by their general
practitioner or medical specialist. To be
eligible to participate, patients had to
be at least 18 years of age, and have suf-
ficient knowledge of the Dutch language
to complete the questionnaires. Partici-
pants with self-reported serious cervical
pathology, multiple sclerosis, diabetes
mellitus, chronic regional pain syndrome,
polyneuropathy, or a history of spinal
surgery were excluded.?

Patient Interview Patients completed a
list of interview items, such as the location
and duration of symptoms, as well as
provocative and reductive movements
and postures. Out of 15 patient interview
items, we selected all items that showed
a sensitivity and/or specificity >0.80 as
reported previously.? The patient inter-
view items “Arm pain worse than neck
pain,” “Provocation of symptoms by iron-
ing,” “Reduction of symptoms by walking
with hand in pocket,” and patient-reported
“Presence of paraesthesia” and “Presence
of paraesthesia and/or numbness” were
included in the analyses.

Clinical Examination A musculoskel-
etal physical therapist with >10 years of
experience in diagnosing and treating pa-
tients with neck pain performed the clini-
cal examination. The clinical tests were
selected based on scientific literature.!*%!
Additionally, the tests had to be feasible
and reflect a solid theoretical rationale.
The Spurling test, Upper Limb Neuro-
dynamic Test 1 (ULNT?1) for the median
nerve, the Cervical distraction test, and
neurological tests (ie, sensation, reflexes
and muscle tests) were included in the
analyses.

Combined Model The patient interview
items and clinical tests that were retained
in their respective models, were included
in the analyses for the combined model.
Because of the sample size calculation, the
number of predictors was limited to 6.

The reference standard consisted of 2
criteria: (1) a neurosurgeon had to reach
a clinical diagnosis of cervical nerve root
involvement (ie, presence of radicular
pain and/or numbness, muscle weakness
or altered reflexes) independently from
the patient interview and the clinical
examination performed by the physical
therapist and (2) the magnetic resonance
imaging (MRI) scan had to show nerve

root compression or irritation that con-
curred with the clinical diagnosis (ie, the
same or adjacent level).?

As the patient interview and clinical tests
were performed before the reference stan-
dard, these were blinded for the reference
test results. The MRI was conducted with-
in 2 hours of the patient interview and
clinical examination. The diagnosis by the
medical specialist was obtained within 1.5
weeks after the patient interview, clinical
examination, and MRI. The medical spe-
cialist and radiologist were blinded to the
patient interview checklist and results of
the clinical examination. The radiologist
knew that the patients were suspected of
having cervical nerve root involvement.?
Participants did not receive treatment be-
tween the patient interview, the clinical
examination, and the reference tests.?®

Missing Values Given that the amount
of missing data was below 5% for all pre-
dictors, multiple imputation techniques
were not required.®*”

Sample Size The required sample size
was calculated to include a maximum of 6
predictors in each multivariable model us-
ing the 4 steps described by Riley et al.?6 We
have determined what sample size would
produce a precise estimate of the overall
outcome risk (step 1), with a small mean
error in the estimated outcome probabili-
ties (step 2), a small amount of shrinkage
(step 3) and a small optimism in the model
fit (step 4). We assumed a prevalence of
30%, a shrinkage factor of 0.90, an esti-
mated Cox-Schnell R-squared of 0.35 and
an absolute margin of error of 0.1 around
the overall outcome risk. As recommended
for binary outcomes,?® we used the online
tool provided by van Smeden etal (https://
mvansmeden.shinyapps.io/Beyond EPV)
for step 2, with a root mean square per-
centage of 1.1. According to these criteria,

108 | APRIL 2025 | VOLUME 3 | NUMBER 2 | JOSPT OPEN


about:blank
about:blank

Journal of Orthopaedic & Sports Physical Therapy®
Downloaded from www.jospt.org at on September 9, 2025. For personal use only. No other uses without permission.

Copyright © 2025 Journal of Orthopaedic & Sports Physical Therapy®. All rights reserved.

Development and Validation of Diagnostic Models for Cervical Nerve Root Involvement Based on Items From the Patient Interview and Clinical Examination

the largest required sample size was N =
135.

Diagnostic Models For each model, we
performed a backward Wald selection pro-
cedure, in which the factor with the highest
significance level was removed until all vari-
ables in the model were significantly related
to the outcome (P<.05). The explained vari-
ance of the models was described in terms
of the Nagelkerke R2 The diagnostic ac-
curacy was determined by the area under
the curve (AUC). An AUC of 0.9 or higher
was considered outstanding, 0.8 to 0.9 was
excellent, 0.7 to 0.8 was acceptable, 0.5 to
0.7 was considered poor, and an AUC of 0.5
reflected no discriminatory value.'

The internal validity of the models
was assessed through bootstrapping tech-
niques with 250 repetitions. The regres-
sion coeflicients were adjusted according
to the shrinkage factor retrieved from the
bootstrapping procedures. The models
were internally validated in terms of the
explained variance and the accuracy. The
statistical analyses were performed in IBM
SPSS (Version 28; IBM Corp, Armonk,
NY, USA) and the bootstrap techniques
in RStudio (Version 1.2.5042).

TABLE 1
Baseline Characteristics of Participants

All Participants  Cervical Nerve Root Involvement

RESULTS

total of 134 patients participated

in the study, of whom 49% was

diagnosed with cervical nerve root
involvement (ie, radicular pain, radiculop-
athy, or both) according to the reference
standard. The median duration of symp-
toms was 26 weeks (IQR: 13-104), the
mean (standard deviation) age was 49.9
(10.7) years, and 51.5% was male.? TABLE 1
describes the patient characteristics.

There were missing data for symptom
duration in 1 participant (N = 1; 0.7%).
Two predictors had missing data: Spur-
ling test (N = 1; 0.7%) and ULNT1 (N =
4; 3.0%). Participants with missing data
on predictors were excluded from analy-
ses for the respective model(s).

A description of the patient interview
items and clinical tests that were retained
in the models is provided in TABLE2.

Patient Interview The final patient in-
terview model contained the predictors

No Cervical Nerve Root

(N=134) (N=166) Involvement (N = 68)

Number of males (%) 69 (51.5) 30 (45.5) 39 (574)
Age in years? 499 (107) 492 (89) 505 (12.2)
Duration of symptoms in weeks 26 (13-104)° 22(9-92) 44 (13-106)°
Patient-reported symptoms

(N (%))
Paraesthesia 95 (709) 55(83.3) 40 (58.8)
Numbness 73 (54.5) 42 (63.6) 31(456)
Muscle weakness 78 (58.2) 41(62.1) 37 (54.4)
Arm pain intensity (NPRS: 0-10) 6(37) 7 (5-7.25) 6(0.257)
Neck pain intensity (NPRS: 0-10) 6 (4-7) 5(17) 7(5-8)
Disability (NRS: 0-10) 5.5(37) 5(37) 6(47)

Values are presented as median and interquartile range (IQR) for continuous data and as percentages for

categorical data unless stated otherwise.

Abbreviations: NPRS, numeric pain-rating scale; NRS, numeric rating scale.

“Data presented as mean (standard deviation).
"Value missing for N = 1.

“Arm pain worse than neck pain” (odds
ratio [OR], 4.9; 95% CI: 2.2, 10.9) and
patient-reported ‘Presence of paraesthe-
sia and/or numbness’ (OR, 3.2; 95% CI:
1.2, 8.2), indicating that the presence of
these 2 signs increased the likelihood
of cervical nerve root involvement. The
initial explained variance of this model
was 0.25 and the AUC 0.74 (95% CI:
0.65, 0.82). After internal validation, the
explained variance decreased slightly to
0.23, and the AUC remained 0.74 (95%
CI: 0.66, 0.81) (see TABLE3).

Clinical Tests The final clinical test model
contained 2 tests: Spurling test (OR, 6.8;
95% CI: 2.8, 16.8) and the ULNT1 (OR,
2.3; 95% CI: 1.0, 5.3) indicating that a
positive Spurling test and ULNT1 substan-
tially increased the likelihood of cervical
nerve root involvement. The initial ex-
plained variance of the clinical test model
was 0.31 and the AUC 0.77 (95% CI: 0.69,
0.85). After bootstrapping procedures, the
explained variance decreased slightly to
0.29, and the AUC remained 0.77 (95%
CI: 0.69, 0.85) (see TABLE 4).

Combined Model The combined model
contained 3 predictors: the Spurling test
(OR, 8.0; 95% CI: 3.1, 20.4), “Arm pain
worse than neck pain” (OR, 4.8; 95% CI:
1.9, 11.8), and patient-reported “Presence
of paraesthesia and/or numbness” (OR,
2.8; 95% CI: 1.0, 7.8). The model initially
showed an explained variance of 0.43,
and an AUC of 0.82 (95% CI: 0.75, 0.90).
After bootstrapping procedures, the ex-
plained variance decreased to 0.38 and
the AUC remained 0.82 (95% CI: 0.75,
0.89) (see TABLE 5).

DISCUSSION

e aimed to determine the diagnos-
tic value of 3 diagnostic models to
diagnose nerve root involvement.
The patient interview model and the clini-
cal test model both showed adequate ex-
plained variance and diagnostic accuracy
after internal validation. The diagnostic
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TABLE 2

Description of Patient Interview Items and Clinical Tests That Were Retained in the Models

Patient Interview Item

Description

Arm pain worse than neck pain

Patient-reported “Paraesthesia and/or numbness”

Upper Limb Neurodynamic Test 1

Participants rated the intensity of their neck pain and arm pain
over the last 24 hours on 2 separate Numeric Pain Rating Scales
(0-10). If the arm pain intensity was higher than the neck pain
intensity, this patient interview item was rated as positive.?

Participants reported the presence of tingling in their arm or hand
(yes/ho) and numbness in their arm or hand (yes/o) via 2
separate questions. If the participant indicated the presence of
paraesthesia, numbness or both, this patient interview item was
rated as positive.”®

Description

The participant was in a seated position. The examiner performed
a passive, combined movement of the neck, consisting of exten-
sion, ipsilateral lateral flexion, and ipsilateral rotation toward the
painful side. Overpressure was applied if no symptom provoca-
tion occurred with this movement. The test was rated as positive
in case of symptom reproduction.>*

The participant was in a supine lying position. The examiner
consecutively (1) fixated the shoulder girdle in a neutral position
to prevent shoulder girdle elevation, (2) placed the shoulder
in 90-degree abduction, (3) placed the forearm in a supinated
position, (4) extended the wrist and fingers, (5) externally rotated
the shoulder, (6) extended the elbow, and (7) instructed the par-
ticipant to perform contralateral and ipsilateral lateral flexion of
the neck. The test was rated as positive if 2 conditions were met:
(1) at least partial reproduction of symptoms and (2) changes
in symptoms with structural differentiation (ie, increase of
symptoms with cervical contralateral lateral flexion or decrease
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with ipsilateral lateral flexion).%#

TABLE 3

Patient Interview Model (N = 134)

Predictor OR (95% Cl) Sig Beta Initial® Beta Bootstrap®c

Arm pain worse than neck pain 49(22-109) <0001 1.590 1542

Patient-reported “Paraesthesia 32(12:82) 0.016 1159 1124
and/or numbness”

Constant 022 0.001 —1511

Performance Measures Nagelkerke R? Area Under the Curve (95% ClI)

Initial® 0.25 0.74 (0.65-0.82)

Bootstrap® 023 0.74 (0.66-0.81)

Abbreviations: CI, confidence interval; OR, odds ratio.

“Acquired from the initial analyses.
YAcquired from the bootstrapping procedure.

“Regression coefficients multiplied by the shrinkage factor of 0.97 (retrieved from the bootstrapping procedure).

accuracy of the clinical test model was
slightly higher than that of the patient
interview model. The combined model
showed that a combination of the Spur-
ling test and 2 patient interview items is
the most useful to identify cervical nerve

root involvement in participants suspected
of having cervical radicular pain and/or
radiculopathy. When including patient in-
terview items and clinical tests in a com-
bined model, the explained variance and
diagnostic accuracy increased substan-

tially, indicating the additional benefit of
clinical tests to patient interview infor-
mation in patients suspected of having
cervical nerve root involvement. The diag-
nostic models reported in our study have
been validated internally using bootstrap-
ping procedures, to adjust for optimism in
the models. The internal validation of the
models showed a small shrinkage, indicat-
ing that the performance of the derived
models adequately reflects the models’
diagnostic value.

It is noteworthy that the performance
and interpretation of the Spurling test and
the ULNT1 vary considerably in the sci-
entific literature and clinical practice.>*
Multiple versions of the Spurling test ex-
ist, in which varying combinations of neck
movements are combined with compres-
sion.! In our study, the version that com-
bines neck extension, ipsilateral lateral
flexion, and ipsilateral rotation was used.**
The ULNT]1 also differs in literature, both
in movement sequence and in positive test
criteria.®? A standardized test execution
and interpretation of neurodynamic tests
has long been advocated* and was recently
reiterated following a systematic review.>
In our study, reproduction of symptoms
that can be altered with structural differ-
entiation (ie, increase of symptoms with
cervical contralateral lateral flexion or de-
crease with ipsilateral lateral flexion) was
required for a positive test result.?

When developing a model, it is im-
portant to consider the intended use
of the model.”* For a diagnostic model,
this means that the diagnostic accuracy
should be determined in the individuals
for whom the tests are intended, and par-
ticipants in the study should therefore suf-
ficiently resemble the patients these tests
are used for in everyday clinical practice.”
Participants in our study were recruited
from a single multidisciplinary clinic that
provides both specialist medical care and
physical therapy treatment. This setting
may have resulted in a somewhat higher
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TABLE 4

Clinical Test Model (N = 129)

Predictor OR (95% Cl) Sig Beta Initial* Beta Bootstrap®®
Spurling test 6.8 (2.8-16.8) <0.001 1918 1.899
Upper Limb Neurodynamic Test 1 2.3(10-5.3) 0.042 0.847 0.839
Constant 0.33 <0.001 -1110

Performance Measures Nagelkerke R? Area Under the Curve (95% CI)

Initial® 031 0.77 (0.69-0.85)

Bootstrap® 029 0.77 (0.69-0.85)

Participants with missing data on final predictors in model (N = 5) were excluded from the analyses.
Abbreviations: CI, confidence interval; OR, odds ratio.

“Acquired from the initial analyses.

YAcquired from the bootstrapping procedure.

Regression coefficients multiplied by the shrinkage factor of 0.99 (retrieved from the bootstrapping procedure).

Downloaded from www.jospt.org at on September 9, 2025. For personal use only. No other uses without permission.

Copyright © 2025 Journal of Orthopaedic & Sports Physical Therapy®. All rights reserved.

Journal of Orthopaedic & Sports Physical Therapy®

TABLE 5

Combined Model (N = 129)

Predictor OR (95% Cl) Sig Beta Initial® Beta Bootstrap®

Spurling test 80(31204)  <0.001 2073 1.886

Arm pain worse than neck pain 48(19-11.8) 0.001 1563 1422

Patient-reported “Paraesthesia 2.8 (1.0-78) 0.045 1.040 0946
and/or numbness”

Constant 013 <0.001 —2.083

Performance Measures Nagelkerke R? Area Under the Curve (95% Cl)

Initial® 043 0.82 (0.75-0.90)

Bootstrap® 0.38 0.82 (0.75-0.89)

Participants with missing data on final predictors in model (N = 5) were excluded from the analyses.

Abbreviations: CI, confidence interval; OR, odds ratio.

“Acquired from the initial analyses.
YAcquired from the bootstrapping procedure.

Regression coefficients multiplied by the shrinkage factor of 0.91 (retrieved from the bootstrapping procedure).

prevalence of cervical nerve root involve-
ment compared to other primary care
settings. However, we believe that the in-
cluded patients are comparable to patients
in other primary care settings, because of
the selection criteria in our study. Regard-
less, external validation is needed to verify
the results and support the clinical use of
the models.

What reference standard to use is an
important consideration in studies that
aim to determine the diagnostic accu-
racy of patient interview items and/or
clinical tests. Various reference standards
and diagnostic criteria are used for the
diagnosis of cervical nerve root involve-
ment.’*'®2* Common reference standards

include (a combination of)) medical imag-
ing, needle electromyography, or clinical
signs and symptoms.®*® Qur reference
standard was based on the presence of
radicular pain, radiculopathy (ie, neuro-
logical deficits) or a combination thereof,
if consistent with nerve root compres-
sion or irritation on MRI. As a result,
cervical nerve root involvement was also
considered to be present if a participant
experienced radicular pain only, without
neurological deficits, as long as the
radicular pain concurred with MRI find-
ings. As neurological deficits were not a
requirement for a positive reference stan-
dard, these models were not specifically
developed to diagnose radiculopathy in

the sense of neurological deficits. This can
explain why the neurological tests were
not retained in the diagnostic models, as
aneurological examination is aimed at as-
sessing radiculopathy and not all partici-
pants experienced neurological deficits.
Our results do not reflect the diagnostic
abilities of neurological tests to assess
cervical nerve root-related neurological
deficits. These models are best suited to
improve decision making on whether or
not symptoms, be it radicular pain, radicu-
lopathy or a combination, are likely due to
cervical nerve root involvement. Further
testing may then be required to differenti-
ate radiculopathy from radicular pain.

While conservative management is
initially indicated for most people with
cervical nerve root involvement, reasons
for early surgical treatment include severe
pain, worsening neurological deficits, or
signs of myelopathy, whereas delayed
surgery is mainly considered in the case of
continued pain or neurological deficits or
when initial nonsurgical management is
not successful. 2279152435 Clinicians should
therefore assess initial pain intensity levels
and identify neurological deficits in people
with cervical nerve root involvement, and
monitor these symptoms in the course of
musculoskeletal care.

CONCLUSION

e present 3 models to determine

the likelihood of cervical nerve

root involvement in clinical
practice based on the patient interview
and clinical examination. The diagnostic
models all showed adequate diagnostic
accuracy and explained variance to be
useful to identify cervical nerve root in-
volvement. A combination of 2 interview
items and 1 clinical test showed a diag-
nostic value above 80% to determine the
likelihood of cervical nerve root involve-
ment. External validation of the models is
indicated to verify the clinical usefulness
before implementation. m
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KEY POINTS

FINDINGS: We developed and internally
validated 3 diagnostic models for cer-
vical nerve root involvement. The
combined model contains the Spurling
test and the interview items “Arm pain
worse than neck pain” and patient-
reported “Presence of paraesthesia and/
or numbness,” and has a diagnostic
accuracy of 82% and an explained vari-
ance of 38%.

IMPLICATIONS: The diagnostic models can
support physical therapists, general
practitioners, and medical specialists in
determining the likelihood of cervical
nerve root involvement based on infor-
mation from the patient interview and
clinical examination.

CAUTION: External validation is needed
to verify the clinical usefulness of the
models.
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