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Inter- and Intra-Rater-Reliability of a Clinical Framework for spine-

related neck-arm pain
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Abstract

Objective

A mechanism-based clinical framework for spine-related pain differentiates between (i)
somatic referred pain, ii) heightened nerve mechanosensitivity, iii) radicular pain, iv)
radiculopathy and mixed-pain. This study aimed to determine the reliability of the proposed
framework.

Method

Fifty-one people with unilateral spine-related neck-arm pain were assessed and categorized by
examiner 1. The classifications were compared to those made by two other examiners, based
on written documentation of examiner 1. Cohens kappa was calculated between examiner-
pairs; Fleiss Kappa among all examiners to assess both agreement in classifying subgroups
and entire framework.

Result

Inter-rater-reliability showed moderate to almost perfect reliability (somatic: no variation,
mechanosensitivity: 0.96 (95% CI 0.87-1.0) to 1.0 (95 % CI: 1.0-1.0), radicular pain: 0.46
(95% CI: 0.19 - 0.69) to 0.62 (95% CI: 0.42-0.81), radiculopathy: 0.65 (95% CI: 0.43-0.84) to
0.80 (95% CI: 0.63-0.96) mixed-pain: 0.54 (95% CI: 0.21-0.81) to 0.75 (95% CI: 0.48-0.94).
There was almost perfect to moderate reliability among all examiners (somatic: no variation,
mechanosensitivity: 0.97 (95% CI: 0.82-1.0), radicular pain: 0.56 (95 % CI: 0.40-0.71),
radiculopathy: 0.74 (95% CI: 0.58-0.90), mixed-pain: 0.63 (95% CI: 0.47-0.79), entire
framework: (0.64 (95 % CI: 0.57-0.71)).

Intra-rater-reliability showed substantial to almost perfect reliability (somatic: no variation,
mechanosensitivity: 0.96 (95 % CI: 0.87-1.0), radicular pain: 0.76 (95 % CI: 0.57-0.92),
radiculopathy: 0.84 (95% CI: 0.67-0.96), mixed-pain: 0.83 (95% CI: 0.60-1.0), entire
framework: (0.80 (95 % CI: 0.61-0.92).

Conclusion



Substantial reliability in classifying people with spine-related neck-arm pain supports the

reliability of the entire classification.

Keywords: Classification, spine-related neck-arm pain, reliability, pain type

Manuscript word count: 3483
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Introduction

Neck-arm pain is heterogeneous in its presentation of clinical signs and symptoms due to
various underlying pain types and mechanisms'>. Presentations of mixed pain are sometimes
difficult to disentangle based on localization and pain quality’. Classifying people into
relevant clinical groups can be helpful to guide tailored treatment™ °. Existing classifications

for neck and neck-arm pain differ in their subgrouping criteria’?*, and include stage of
p grouping g

13

)15, specific and nonspecific neck pain'> 3,

disorder (acute, sub-acute and chronic

t16

localization, episodes, pain severity and impairment™ as well as different treatment- or

17-21

mechanism-based models'“". Some of these classifications describe subgroups suggesting

9, 17, 18, 22 923

nerve involvement, such as “radiating pain , “radicular arm pain”*, “neurological

9924« 912, 13,19 «

symptoms”*, “specific neck pain ,“neuropathic”*

or different degrees of neuropathic

pain” %,

In recent years, mechanism-based subgrouping approaches have gained increasing interest in
a range of conditions> > . In the heterogeneous presentation of neck-arm pain, people may
show dominantly nociceptive pain caused by activation of nociceptors in target tissue (e.g.,
muscles, joints, ligaments, fascia and tendons) also referred to as somatic referred pain® *,
Activation of nociceptors in connective tissues surrounding nerves may cause clinical signs of
heightened nerve mechanosensitivity which is considered to reflect a specific type of somatic
referred pain®® **3!, Other people present with dominantly neuropathic pain, defined as pain as

a direct consequence of a lesion or disease affecting the somatosensory system* 3>

, as seen
in radiculopathy with radicular pain®** *. Radiculopathy is defined as a sensory and/or motor
deficit caused by a conduction block of a spinal nerve or its nerve root and presents with

clinical signs of loss of function®® *

. Radicular pain is evoked by ectopic discharges
emanating from a dorsal root or its ganglion® and can present with lancinating, shock-like or

electric pain®®*. Whereas these presentations can occur in isolation, mixed pain presentations,
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with nociceptive and/or neuropathic components are common. For instance, radicular pain can

occur with radiculopathy® and/or with heightened nerve mechanosensitivity* .

There is a lack of classifications for spine-related neck-arm pain, which distinguish between
radicular pain and radiculopathy as different entities, taking into account the underlying pain
mechanisms and the clinical presentation. XXX and XXX proposed a mechanism-based
clinical framework for spine-related leg pain®*, which can be applied to spine-related neck-
arm pain®. The clinical framework distinguishes between subgroups with spine-related limb
pain  without neurological deficits (somatic referred pain, heightened neural
mechanosensitivity, radicular pain) and with neurological deficits (radiculopathy) and
includes the option of mixed pain presentations® *. The reliability of this classification has
not yet been investigated in people with neck-arm pain. The purpose of this study was to
determine the inter- and intra-rater reliability of the proposed clinical framework® in people

with neck-arm pain.
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Methods:

Study design

This reliability study was conducted from July 2020 until November 2021 and was part of an
ongoing cross-sectional study investigating somatosensory and psychosocial characteristics
based on the chosen clinical framework*. The study protocol was approved by the Ethics
Committee of the University of Applied Sciences XXX (HSOS/2019/2/2). The study protocol
adheres to the ethical guidelines of the Declaration of Helsinki* and was funded by the
University of Applied Sciences XXX and Physio Deutschland. The funders played no role in

the design, conduct, or reporting of this study.

Study sample

The sample size was calculated with R Software irr package® and based on an expected
significant and at least moderate agreement (Kappa > 0.4) between each pair of examiners and
for each clinical subgroup with a significance level of 0.05 and a power of 90%. A minimum
sample size of 49 people was determined. Fifty-one people were recruited from physiotherapy
and medical clinics in XXX (Germany) and the surrounding area. A screening interview via
telephone was conducted by examiner 1 (CK) with each potential person to verify the
inclusion and exclusion criteria, using a standardized questionnaire. The inclusion criteria
were unilateral spine-related neck-arm pain in people aged 18-75 years*. The neck-arm pain
should be > 2/10 on a numeric rating scale and be provoked by movements or static positions
of the cervical spine. This study was a part of a cross-sectional study investigating
somatosensory profiles of people with neck-arm pain. All conditions which may confound the
function of the somatosensory nervous system were excluded like: previous spinal surgery,
current or previous systemic medical conditions (e.g. rheumatoid arthritis, diabetes, thyroid

disease) central nervous system disorder, complex regional pain syndrome, peripheral
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vascular disease, blood clotting disorder, pregnancy, psychiatric disease. As well as the

presence of musculoskeletal shoulder, elbow or hand disorders in the last three months®*.

Clinical examination and classification

Procedure

The study was conducted with three physiotherapists. Two examiners (examiner 1 and 3) had
a Master’s degree in Orthopedic Manual Physiotherapy (OMPT) with 20 and 10 years work
experience in musculoskeletal therapy, respectively. One examiner (examiner 2) was in his
final year of the Master’s degree (OMPT) with seven years work experience in

musculoskeletal therapy.

Examiner 1 performed a comprehensive clinical examination and completed a written
standardized clinical examination form (Supplement S1) containing all information required
to classify people* (Figure 1, Table 1). This included a body chart, pain descriptors, pain
behavior and symptom history. In addition, comorbidities, medications, special questions (red
flags, including weight loss, spinal cord signs, vertebral artery), sleep behavior (numeric
rating scale, 0 = good sleep; 10 = poor sleep) and MRI, CT or X-ray results, if available, were
documented, the imaging tests were not included in the clinical decision procedure. Sex, age,
pain severity on the numerical rating scale (during the last 4 weeks on average), pain duration
and neck disability index were collected. All tests used in the physical examination to
subgroup people have shown at least moderate reliability**°. The physical examination

44-46, 51

included active movements using a Cervical Range-of-Motion device . Passive

movements of the cervical spine (passive physiological and accessory intervertebral
movements*®) and the Spurling test* *“. The bedside neurological examination included

47, 52

myotomal strength testing®” >, reflex testing (absent/ reduced/ normal/ increased) and sensory

testing of light touch (cotton wool)*” and pin prick sensation (neurotip) in dermatomes®,



1 Neural mechanosensitivity was assessed using upper limb neurodynamic tests. ULNT 1 was
2 performed first, followed by ULNT 2a, 2b and 3. If one test was confirmed as positive, no
3 further ULNT tests were undertaken. Tests were considered positive when they at least
4 partially reproduced the person’s pain and the pain was altered with structural
5 differentiation®. After the clinical examination, examiner 1 categorized people into the

6 subgroups (Fig 1, Table 1).

7
Screening on telephone | — I Don’t fulfill inclusion criteria |—> | Exclusion
Fulfill inclusion criteria
and informed consent
Examiner 1: Clinical examination + first classification (T1) as well as 2nd classification (T2) based on documented examination forms after 4-6 months ‘
I Examiners 2 and 3: classification according to the clinical framework based on d ted it forms from examiner 1 I
+ No neurological deficit + No neurological deficit + No neurological deficit . + Mixed
. * Neurological :
+ No neural * Heightened neural + No neural mechanosensitivity e presentation
ericr
mechanosensitivity mechanosensitivity « Symptom descriptors suggest nerve
root involvement
| Somatic pain | [ Neural mechanosensitivity Radicular pain | | Radiculopathy | | Mixed |
— I T
v
Statistical analysis Inter-rater:
- Cohens Kappa agreement
- E1+2
- E2+3
- E143
- Fleiss Kappa
- E1+2+43
- Mixed pain presentations
istical analysis Intra-rater:
- Cohens Kappa agreement
- T14T2
- Fleiss Kappa agreement
8 - Mixed pain presentations
9 Figure 1. Flowchart study procedure. E1: examiner 1; E2: examiner 2; E3: examiner 3; T1:

10 examiner 1, first classification; T2: examiner 1, second classification.
11

12 Table 1. Description of classification subgroups and their clinical test criteria

Subgroup and Description Tests Test Outcome

Somatic referred pain: Active cervical movement | Reproduce at least




Neurological integrity and tests for

neural mechanosensitivity are normal.

partially person’s pain

Bedside neurological Negative
examination (Soft touch,

Pinprick, Myotomal

strength, Reflex testing)

ULNT 1, 2a, 2b, 3 Negative

Passive cervical movement

(PPIVMs and PAIVMs)

May reproduce at
least partially person’s

pain

Neural mechanosensitivity:

Neurological integrity tests are normal.

Neurodynamic tests show heightened

neural mechanosensitivity

Active cervical movement

Reproduce at least

partially person’s pain

Bedside neurological
examination (Soft touch,
Pinprick, Myotomal

strength, Reflex testing)

Negative

ULNT 1, 2a, 2b, 3

Have to at least
partially reproduce
person’s symptoms
and symptoms have to
alter with structural
differentiation

maneuvers

Passive cervical movement

(PPIVMs and PAIVMs)

May reproduce at
least partially person’s

pain

Radicular pain:

Active cervical movement

Reproduce at least

partially person’s pain




10

The description of pain strongly
suggests the involvement of a nerve root
(e.g., burning, pins and needles,
shooting pain, electric shock, cold pain
etc.). Pain may be reported in areas
reminiscent of but not necessarily
identical to dermatomes. The
neurological integrity tests show no loss

of function and neurodynamic tests are

Bedside neurological
examination (Soft touch,
Pinprick, Myotomal

strength, Reflex testing)

Negative concerning
loss of function.
Sensory tests may
demonstrate
hyperalgesia/allodynia

(gain of function).

ULNT 1, 2a, 2b, 3

Negative

Passive cervical movement

May reproduce at

normal. Sensory tests may demonstrate | (PPIVMs and PAIVMs) least partially person’s
hyperalgesia/allodynia. This subgroup is pain

based on integration of information

rather than a single test or assessment

cut-off.

Radiculopathy: Active cervical movement | Not applicable

Myotomal or dermatomal
neuroanatomical plausible neurological
deficit. Since radiculopathy is not
defined by pain, it has to be grouped
with one of the other clinical subgroups
¥ This subgroup is based on integration
of information rather than the mere
presence of loss of function. For
instance, a sensory loss over the cervical
spine without any other neurological
signs indicative of nerve root

involvement is unlikely to represent a

Bedside neurological
examination (Soft touch,
Pinprick, Myotomal

strength, Reflex testing)

Myotomal or
dermatomal
neuroanatomical
plausible neurological

deficit (loss of

function)
ULNT 1, 2a, 2b, 3 Not applicable
Passive cervical movement | Not applicable

(PPIVMs and PAIVMs)
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true radiculopathy.

Mixed pain:

There is a mixed pain presentation of
the different pain types with or without
neurological deficits and with or
without heightened neural
mechanosensitivity. In this subgroup,
we also recorded the specific mix of the
pain presentation (e.g., radicular pain
with radiculopathy) and the dominant

subgroup

Active cervical movement

Reproduce at least

partially person’s pain

Bedside neurological
examination (Soft touch,
Pinprick, Myotomal

strength, Reflex testing)

Myotomal or
dermatomal
neuroanatomical
plausible neurological
deficit may occur
(loss of function)
Sensory tests may
demonstrate
hyperalgesia/allodynia

(gain of function).

ULNT 1, 2a, 2b, 3

May reproduce
person’s pain and pain
have to alter with
structural
differentiation

maneuvers.

Passive cervical movement

(PPIVMs and PAIVMs)

May reproduce at
least partially person’s

pain

ULNT: Upper limb Neurodynamic Test, PPIVMs: Passive Physiological Intervertebral

Movements, PAIVMSs: Passive Accessory intervertebral Movements

The allocation to the groups was dichotomous (present/not present). The mixed pain

presentation was assigned if people were allocated to at least two and maximum of all four
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subgroups. Neck pain and limb pain were both rated separately but combined in analyses as
the overall neck-arm pain presentation. For example, a person may present with somatic neck

pain and with radicular arm pain.

Examiners 2 and 3 were trained by examiner 1 in three online sessions. The first online
session was used to familiarize examiners with the clinical framework. In the remaining
sessions, ten clinical examination forms, which were not included in the final analysis were
independently rated by all examiners and then discussed.

Examiners 2 and 3 received a copy of all clinical examination notes. They were blinded
towards the classifications by examiner 1 and classified people independently according to the
clinical framework, based on the written clinical examination forms and their own clinical
reasoning skills. We deliberately chose this approach to assess reliability of the clinical
reasoning process rather than reliability associated with specific assessments, which has been

reported to be moderate to substantial elsewhere**.

For intra-rater-reliability, examiner 1 subgrouped all people immediately after the clinical
examination (timepoint 1 = T1). To minimize a potential memory effect*™, examiner 1 re-
classified all people again after 4 - 6 months (timepoint 2 = T2) based on the clinical
examination notes. For the re-classification, examiner 1 was blinded to all information which

may have led to the recognition of the individual person and their classification.

Analysis:
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The statistical analysis was performed by examiner 1. All data were pseudonymized.
Statistical analyses were carried out with SPSS Version 27. Mean and standard deviations of

people’s demographic and clinical data were calculated.

Cohen’s kappa and absolute agreement (percentage agreement without chance adjustment)
were calculated to assess the reliability between two examiners (examiner 1 and 2, examiner 1
and 3, examiner 2 and 3) and Fleiss kappa to assess the reliability between all examiners in

classifying people into subgroups (table 2).

As a mixed neck-arm pain presentation can include two or up to four groups per person, it
was important to determine if the examiners agreed in the specific presentations within the
mixed pain subgroup, which is referred to as the reliability of the clinical framework. To
determine the reliability for the clinical framework among examiners, Fleiss kappa was used
(table 3).

To evaluate the reliability of the dominant subgroup of each person Cohens kappa (between
examiner), absolute agreement and Fleiss kappa (between all examiners) were calculated

(Supplement S2).

For intra-rater-reliability Cohen’s kappa and absolute agreement were calculated for the
agreement classifying into each subgroup. Cohens kappa was determined for the mixed pain
presentations. A kappa value of > 0.00 shows poor reliability. Kappa values between 0 to 0.20
indicate slight reliability, values from 0.21 to 0.40 are considered fair, kappa between 0.41 to
0.60 indicate moderate reliability, values from 0.61 to 0.80 indicate substantial, and values
from 0.81 to 1 indicate almost perfect reliability®. Kappa values which are at least moderate

were considered acceptable in this study>.
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Results:

Fifty-one people with neck-arm pain participated in this study (15 males; 36 females). The
mean age was 42,9 years (SD: 11,6). The mean pain intensity on the numerical rating scale
(during the last 4 weeks on average) was 4,8 (SD: 1,9) and the mean pain duration 196 weeks
(SD: 266,8). The neck disability index showed a mean of 13,5 (SD: 6,5) out of 50 possible
points, indicating mild disability®®. MRIs were available for 27 people. In eight participants,
the MRI showed no abnormalities; 19 had signs of nerve root compression at C5-7, caused by
a disc protrusion, herniated disc or foraminal stenosis.

Figure 2 shows the frequencies of each clinical group classified by every examiner. All three
examiners determined that all participants had somatic pain (exclusively or as part of mixed
pain) in their neck-arm pain presentation. Because of the mixed pain presentation, multiple

counts of subgroups were possible.

41
39
12
10
I |

43 43

41
39 |

29 29

30
29
— — 28
27
23 23
21

FREQUENCY

Somatic/not mixed Mixed pain Somatic in mixed Mechanosensitivity Radicular in mixed Radiculopathy in
pain in mixed pain pain mixed pain
W Examiner 1 m Examiner 2 @ Examiner 3
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Figure 2. Frequencies (amount) of the classified clinical subgroups by examiner. The mixed

pain presentation allowed multiple mentions.

Inter-rater-reliability

Agreement between two examiners

The Cohens kappa and absolute agreement for each subgroup are shown in Table 2
(Supplement S3: cross tables). Kappa calculation for the group somatic pain was not possible
due to a lack of variance in response options®. All examiners answered exclusively that
somatic pain was present. The reliability between examiner pairs for all subgroups reached
acceptable kappa values (at least moderate to almost perfect). The Cohens kappa for the
clinical framework showed a substantial reliability between examiners 1 and 2 (K: 0.69; 95 %
CI: 0.54-0.83) as well as 2 and 3 (K: 0.65; 95 % CI: 0.50-0.78). A moderate reliability for the

clinical framework was detected between examiners 1 and 3 (K: 0.58; 95 % CI: 0.44-0.73).

Agreement across all examiners

The Fleiss kappa for each subgroup is demonstrated in Table 2. Kappa values indicated
moderate to almost perfect reliability; the lowest reliability (moderate) was documented for
the radicular pain classification. Fleiss Kappa for the clinical framework across all examiners
showed a substantial reliability (K: 0.64; 95 % CI: 0.57-0.71, Table 2). Table 3 presents the
seven specific presentations within the mixed pain subgroup and the Fleiss Kappa values. The
reliability for the dominant subgroup showed moderate reliability between all examiners and

examiner pairs (Supplement S2).

Table 2. Pairwise Cohens Kappa and 95 % confidence intervals (CI) and percentage
agreement for each clinical subgroup are documented for each examiner pair. Fleiss Kappa

and 95 % CI are reported for every clinical subgroup across all three examiners.
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Examiner Cohens 95 % CI % Fleiss 95% CI
Kappa Agreement Kappa

Somatic pain

E1-E2 * * 100

E1-E3 * * 100 * *

E2-E3 * * 100

Heightened neural mechanosensitivity

E1-E2 0.96 0.87 - 1.00 98

E1-E3 1.00 1.00 - 1.00 100 0.97 0.82-1.00

E2-E3 0.96 0.86 - 1.00 98

Radicular pain

E1-E2 0.60 0.37-0.80 80

E1-E3 0.46 0.19 - 0.69 73 0.56 0.40-0.71

E2-E3 0.62 0.42-0.81 80

Radiculopathy

E1-E2 0.77 0.59 - 0.92 88

E1-E3 0.65 0.43-0.84 82 0.74 0.58 - 0.90

E2-E3 0.80 0.63 - 0.96 90

Mixed pain

E1-E2 0.54 0.21-0.81 84

E1-E3 0.75 0.48 - 0.94 92 0.63 0.47-0.79

E2-E3 0.60 0.25-0.85 88

Clinical Framework

E1-E2 0.69 0.54-0.83 73

E1-E3 0.58 0.44-0.73 65 0.64 0.57-0.71
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E2-E3 0.65 0.50-0.78 71

* Cohens Kappa was not calculable due to lack of variance in responses between examiners.

Table 3. Number of people classified by each examiner (E1-3) into the respective subgroups

and the associated Fleiss Kappa with confidence intervals (95% CI).

Somatic Mechano- Radicular Radiculo- E1 E2 E3 Fleiss Kappa

sensitivity pain pathy (CI)
X 13 10 8  0.80(0.64 —0.96)
X X 12 11 7 0.71(0.55-0.87)
X X X 1 1 6 0.21 (0.05-0.37)
X X X X 13 12 10 0.70 (0.55 - 0.86)
X X 2 2 2 0.48(0.32-0.64)
X X 0 3 1 0.23(0.07-0.39)
X X X 7 6 11 0.61(0.45-0.76)
X X X 3 6 6  0.56(0.40-0.72)
Total 51 51 51 0.64(0.57-0.71)

E1l: Examiner 1; E2: Examiner 2; E3: Examiner 3.

Intra-rater-agreement:

The Cohens Kappa for each single clinical subgroup is demonstrated in Table 4 (Supplement
S3: cross tables). Cohens Kappa showed almost perfect reliability for all subgroups between
the timepoints T1 und T2. Cohens Kappa for the clinical framework showed a substantial
reliability between timepoints (K: 0.80; 95% CI: 0.61-0.92). Table 5 presents the specific

presentations within the mixed pain subgroup and the Cohens Kappa values.
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Table 4. Cohens Kappa with confidence interval (95% CI) and percentage agreement between

the classification at timepoint T1 and at T2.

Timepoint Cohens Kappa 95% CI % Agreement

Somatic pain

T1 -T2 * * 100

Heightened neural mechanosensitivity

T1 -T2 0.96 0.87 -1.00 98

Radicular pain

T1-T2 0.84 0.65 - 0.96 92
Radiculopathy

T1-T2 0.84 0.67 - 0.96 92
Mixed pain

T1-T2 0.83 0.60 - 1.00 94

Clinical Framework

T1 -T2 0.80 0.61-0.92 84

* Cohens Kappa was not calculable due to lack of variance in responses between T1 and T2.
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1 Table 5. Number of people classified by examiner 1 into the respective subgroups and the

2 associated Cohens Kappa with confidence intervals (95% CI) at timepoints T1 and T2.

Somati Mechano- Radicular Radiculo T0 T1 Cohens Kappa

C sensitivity pain - (95% CI)
pathy

X 13 11 0.89 (0.62 - 1.00)
X X 12 12 0.78 (0.51 - 1.00)
X X X 1 3 0,48 (0.21 - 0.75)
X X X X 13 13 0.90 (0.62 - 1.00)
X X 2 2 0.48 (0.21 - 0.75)
X X 0 1 -0.10 (-0.28 - 0.27)
X X X 7 7 0.83 (0.56 - 1.00)
X X X 3 2 0.79 (0.52 - 1.00)

Total 51 51 0.80 (0.61 - 0.92)
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Discussion

This is the first study investigating the reliability of the clinical framework from XXX and
XXX* in people with spine-related neck-arm pain. There was a substantial reliability for the
entire clinical framework and a high absolute agreement with moderate to almost perfect
kappa values between examiners in classifying people into single subgroups. These results

support the reliability of this classification system.

The high intra-rater (84-100%) as well as inter-rater (65-100%) absolute agreement in
subgrouping attest to the reliability of this classification system. In particular, the subgrouping
of somatic pain showed 100% absolute agreement and heightened neural mechanosensitivity
showed almost perfect reliability among examiners. In comparison, Tampin et al reported
moderate reliability between two examiners in classifying people with non-specific neck-arm
pain associated with heightened nerve mechanosensitivity®®. This difference may be explained
by methodological differences. In the study by Tampin et al*®, both examiners performed a
clinical assessment, whereas here the second ratings were based on written documentation.
The comparison of inter-rater-reliability based on written documentation used here, reflects
agreement in clinical reasoning and cognitive ability in subgrouping individuals based on
prespecified criteria, while removing the potential bias associated with a physical examination

test. Reliability thus refers to the classification process and not to the entire test procedure.

The inter-rater-reliability among all examiners for the classification of radicular pain was
moderate, and for radiculopathy substantial, with more obvious discrepancies between
examiner 1 and examiner 3. Some differences were seen in the interpretation of positive signs,

when symptoms like paresthesia (tingling), a common descriptor of radicular pain®® *°

, were
only reproduced with palpation of a muscle® and not with any other physical assessment

suggestive of a nerve root or spinal nerve involvement®. In these cases, examiner 1 did not
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interpret the reproduced paresthesia as a sign of radicular pain, but examiner 3 did. In some
instances, the interpretation of a coherent pattern of loss of function as a sign of radiculopathy
was challenging. For example, some people had only subtle neurological deficits compared to
the asymptomatic arm, or sensory deficits were detected in a proximal extradermatomal area
(e.g., paravertebral Th 3-6), but no distal dermatomal deficits indicative of a radiculopathy
were present”. In the latter case, examiner 1 did not interpret the loss of function as a sign of
radiculopathy, because loss of sensory function in extradermatomal areas has been reported in
people with nociceptive non-specific neck—arm pain without radiculopathy® ®* %, However,

examiner 3 interpreted this as a sign of radiculopathy.

This current study clearly reveals the mix of pain presentations (75-84%) in people with
spine-related neck-arm pain. This heterogeneity in people with neck-arm pain has also been
shown by others®® % %, However, because the radiculopathy group is defined by neurologic
deficits rather than pain, it can only occur in combination with another subgroup; this
represents an increased likelihood of a mixed presentation in this study.

The identification of the exact mixed pain presentation is of high clinical relevance as
management may vary between presentations®. For example, Schaefer et al showed that the
proportion of people with low-back related leg pain responding favorably to neural
mobilization techniques was higher in people with heightened nerve mechanosensitivity

compared to people with somatic pain or lumbar radiculopathy?®.

The advantage of our classification system is that it allows to capture mixed pain
presentations compared to other classification systems that use hierarchical decision-making”
*%.65 The latter approach treats pain presentations as being mutually exclusive, which does not
1,4, 62.

reflect the real world of clinical presentations of people with spine-related neck-arm pain

The strength of our study is that our examiners were able to identify individual specific
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presentations within the mixed pain subgroup as well as showing substantial reliability in
establishing the exact mix of pain presentations. The reliability of the specific presentations
within the mixed pain subgroup varied from poor to substantial. (Table 3 and 5). Of note,
when pain presentations were combined with radiculopathy or radicular pain, they showed
only fair to moderate reliability. It seems that particularly the classification of radicular pain
was more challenging than others, as also seen earlier in the inter-examiner comparison
(Table 2). This may be explained by the absence of agreed diagnostic criteria and resulting
vaguer criteria for radicular pain which largely rely on the integration of patterns of subjective
symptoms rather than objective signs as seen in radiculopathy (loss of function) or heightened
neural mechanosensitivity (positive neurodynamic tests). As a matter of fact, it was left to the
clinicians’ clinical reasoning skills how to interpret these symptom patterns. These
observations suggest that there is a need for further specification of clinical criteria and

assessment findings indicative of the presence of radicular pain and radiculopathy.

One mixed pain presentation in the intra-rater-agreement showed a negative kappa value
(somatic pain with radiculopathy). This is due to the fact that this pain presentation was not
classified at the first measurement and only one time at the second measurement. Since this is

only one pain presentation out of 51, statistical evaluation and interpretation is limited.

Schaefer et al® * developed a classification system for low back related leg pain, which has
also been applied in people with non-specific arm pain’. The system defines four subgroups
(central sensitization, denervation, peripheral nerve sensitization, musculoskeletal) which, to
some extent, are comparable to our subgroups. Their denervation group reflects
radiculopathy, peripheral nerve sensitization is equivalent to heightened nerve
mechanosensitivity and the musculoskeletal group to somatic pain. Reliability studies on the

Schaefer classification revealed a substantial inter-rater-reliability between two examiners” ®.
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One study compared the agreement based on clinical examination (Kappa 0.72; CI: 0.57-
0.86)®, the other study based on written documentation (kappa: 0.78; no CI calculated)’. The
results similarly showed substantial reliability with only slightly higher kappa values
compared to ours. This may be explained by methodological differences. A hierarchical
classification is likely easier to apply than identifying mixed pain presentations. Moloney et al
classified 40 people with non-specific neck-arm pain with the Schaefer classification and the
Smart classification’, which allows classifying into a mixed pain group, (composed of the
following subgroups: nociceptive pain, neuropathic pain and central sensitization). The
reliability was moderate. They concluded that the mixed pain presentation makes the clinical

decision making more difficult but reflects the real-life clinical situation’.

This study investigated both intra-and inter-rater-reliability in our study as both aspects are
important. While sufficient inter-rater-reliability is important to guarantee that different
clinicians agree in clinical decision making, sufficient intra-rater-reliability is a basis and
crucial to correctly monitor a person’s clinical course over time. A clinician must be confident
that a clinical presentation which changes over the course of treatment is an actual change and

not the result of misclassification due to low intra-rater-reliability.

Study limitations

The main limitation of the study pertains to the fact that examiner 2 and 3 did not clinically
assess the people. This was a pragmatic and conscious decision, as this study was mainly
interested in the reliability of clinical reasoning and the process of classification rather than
clinical tests. Indeed, reliability of tests used to subgroup patients such as upper limb
neurodynamic tests, bedside neurological examination or assessing active and passive
movements has already been reported to be moderate to substantial*** *°. This suggests that

the performance of assessments is unlikely a major confounder of reliability of these
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classification” ®. The method of using written documentation to establish inter-rater-reliability
has been well documented”** %, One advantage of this methodical approach is that examiners
are given the same information for their clinical judgement whereby clinical examination may
pose the risk to obtain variable test results due to repeated measurements or a change in the
health condition®. Also, repeated assessment would have added a considerable burden to
people and might have exacerbated the people’s condition thus challenging interpretation.
Further, it should be noted that the data collection fell entirely within the Covid-19 pandemic,
during which it was essential to avoid unnecessary human contact. It remains to be shown
whether agreement remains at high levels if different therapists perform separate
examinations.

The examiners in this study had undergone postgraduate training and 7-20 years working
experience. It is unclear if less experienced therapists would achieve similar outcomes. In
addition, the documentation of the imaging tests may have interfered the examiner’s decision,
although it is not a part of the clinical tests necessary for the clinical framework.

The sample size was calculated for the agreement between two examiners in classifying
people into the five different subgroups, but not for the classification of specific pain
presentations within the mixed pain subgroup. The analyses for the latter were underpowered,

hence results have to be interpreted with caution.

Conclusion

There was a substantial inter-rater and intra-rater-reliability for the entire clinical framework
and a high absolute agreement between examiners in classifying people into the single
subgroups. Clearer definitions for the clinical presentation of radicular pain would be helpful
to improve classification of this group. The clinical framework is favored over other
classifications as it allows to capture mixed pain presentations, reflecting the real world of

clinical presentation of people with spine-related neck-arm pain. This work together with
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future studies will provide important information on the clinical usefulness of mechanism-
based subgrouping to improve management outcome. Further investigation of the validity of

this classification system is necessary.
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