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Low back pain is the leading contributor to disability worldwide and a major cause of primary care
visits. Alternative models of care delivery drawing on musculoskeletal experts’ skills and knowledge
have received increasing attention for their potential ability to improve timely access to appropriate
healthcare for patients with musculoskeletal disorders. The aim of this study was to evaluate
diagnostic and management concordance between chiropractors, known as musculoskeletal experts,
and neurosurgeons for patients with low back pain. Before being seen by a neurosurgeon, 101 eligible
participants (mean age: 60.32 years) were evaluated by a chiropractor. Overall diagnostic agreement
between chiropractors and neurosurgeons was 74.7%, with a moderate inter-rater diagnosis
agreement (k=0.51; 95%Cl [0.35-0.68]). Chiropractors were significantly less likely to attribute a
diagnosis of non-specific LBP to participants (31.6%) compared to neurosurgeons (43.2%) (p=0.02),
with an agreement proportion of 80.0%. Overall management agreement was 82.0%, indicating

that chiropractors possess good skills in triaging patients with low back pain, which can optimize
patient trajectories by accelerating management of non-surgical cases and reducing waiting lists for
spine surgery consultations. Prospective studies are needed to evaluate the impact of a chiropractor-
informed triage on clinical outcomes and healthcare utilization for patients with low back pain.
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Musculoskeletal disorders (MSDs) are the leading contributor to disability worldwide, with low back pain (LBP)
being the primary cause of disability in 160 countries!. The prevalence of MSDs has steadily increased, from
23.0% in 1990 to 27.8% in 2017 in Canada, which may be influenced by factors such as sedentary lifestyles and
population aging'. In its latest report addressing costs associated with major diseases and injuries, the Public
Health Agency of Canada reported that $6.7 billion, representing 6.0% of Canada’s annual health expenditures,
were attributed to direct costs related to MSDs (i.e., medications, hospital care and physicians care)®. An analysis
of Ontarios administrative databases for the 2013-2014 fiscal year revealed that 28.5% of adults made one or
more ambulatory visit to a physician for MSDs during the study year, representing 5.6 million primary care visits
annually*.

Although international practice guidelines for the management of LBP exist, significant gaps between evidence
and clinical practices persist, contributing to the inappropriate use of diagnostic and therapeutic approaches,
including the overuse of opioid prescriptions and imaging, as well as the over-reliance on medical specialists’
expertiseS’s. In 2016, in the province of Quebec, Canada, the Ministry of Health and Social Services introduced
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the Service Request Management Center (Centre de répartition des demandes de services-CRDS), a centralized
waiting list for all specialized services, where patients are placed in a queue based on medical priority (defined
by pre-established criteria presented in Supplementary File SI)”%. In 2018, a CRDS has been implemented to
enhance timely access to specialized care within the area served by the Centre intégré universitaire de soins de
santé et de services sociaux de la Mauricie-et-du-Centre-du Québec (CIUSSS-MCQ). In this administrative region,
neurosurgeons are the exclusive specialists responsible for patients with LBP requiring specialized care, except
for trauma cases. This limits accessibility further compared to other regions, where care is distributed among
multiple specialties. Accordingly, during the year 2024-2025, 2156 patients (covering all conditions managed
by neurosurgeons) were awaiting a neurosurgery consultation at CIUSSS-MCQ’. Of these consultations,
83.1% were deemed overdue according to patients’ medical priority®. Furthermore, a retrospective analysis of
medical health records revealed that 80.4% of LBP referrals to the neurosurgery department at CIUSSS-MCQ
were inappropriate either due to the patient’s clinical profile or non-compliance with CRDS criteria, with 88.4%
of these referrals originating from general practitioners'’. These findings highlight that, despite the CRDS’s
prioritization criteria, the current system remains insufficient to ensure optimal referral pathways for patients
with LBP.

In recent years, alternative models of care delivery drawing on musculoskeletal experts’ skills and knowledge
have received increasing attention for their potential ability to improve access to care and promote optimal use of
healthcare resources for patients with MSDs. A systematic review with meta-analyses including 19 concordance
studies and 6 randomized controlled trials revealed that advanced practice physiotherapists (APPTs) and
physicians displayed good to very good diagnostic (pooled x 0.76 [95% CI 0.68-0.85]) and management (pooled
Kk 0.71 [95% CI 0.63-0.78]) agreement for patients with MSDs'!. Additionally, patients with MSDs managed
by APPTs in these studies reported comparable or superior clinical outcomes (i.e., reductions in pain and
disability) when compared to the physician-led model of care. In the provinces of Ontario, Manitoba, and
Saskatchewan, Canada, the Inter-professional Spine Assessment and Education Clinics (ISAEC) were established
to improve access, referral appropriateness and delivery of care for both surgical and nonsurgical patients,
using nurse practitioners, chiropractors, and physical therapists (PTs) as adjunctive members of the medical
team!2. A retrospective review of prospective data from ISAEC clinics in Ontario showed that this shared-care
interprofessional model significantly improved referral appropriateness, efficiency of MRI utilization, and wait
times for surgical assessment for patients with LBP'?.

In the province of Quebec, Canada, similar initiatives have been evaluated, most of them focusing on
the ability of PTs to assess and manage patients suffering from peripheral MSDs!*"!°. One study specifically
investigated the impact of a model of care led by APPTs on health-related outcomes in surgical and non-surgical
patients with spinal disorders and reported high diagnostic and management concordance between APPTs and
spine surgeons'’. As a result, PTs are being increasingly integrated into a variety of clinical settings, such as
emergency departments and orthopedic clinics!®. Given their professional training and expertise*’chiropractors
also have the potential to play a key role in triaging patients with LBP and optimizing referral pathways, whether
by offering an alternative entry point into the healthcare system, or by triaging patients already crowded onto
waiting lists. However, the lack of integration of chiropractors into the public healthcare system prevents them
from directing patients to appropriate healthcare resources.

To address gaps in the current referral process for LBP, we aimed, as a first step, to assess the level of agreement
between chiropractors and neurosurgeons in both diagnosis and management decisions. This assessment will
help determine whether chiropractors can serve as intermediaries in the care pathways of patients with LBP,
potentially reducing unnecessary waits times for medical specialist consultations. Accordingly, this study aimed
to evaluate diagnostic and management concordance between chiropractors and neurosurgeons for patients with
LBP referred for a neurosurgery consultation. Secondarily, we aimed to determine the patients’ characteristics
that influence the odds of diagnostic and management disagreements.

Methods

Design

To address these objectives, a secondary analysis of a randomized controlled trial (RCT) was conducted. The RCT
aimed to evaluate the effects of evidence-based triaging by a chiropractor on patients’ clinical outcomes and care
trajectories for LBP (www.clinicaltrials.gov, NCT04923308). In the RCT, the randomization did not determine
whether the participant received treatment but rather whether the chiropractor’s assessment conclusions were
communicated to the neurosurgeon. In other words, regardless of group allocation, all participants underwent
a chiropractor’s assessment and were subsequently evaluated by the neurosurgeon. For participants in the
intervention group, neurosurgeons were kept blinded to the chiropractors’ conclusions until they completed
their own patient evaluation. This study was reviewed and approved by the Centre intégré universitaire de santé
et de services sociaux de la Mauricie-et-du-Centre-du-Québec (CIUSSS-MCQ) (CER-2021-488-766) and the
Université du Québec a Trois-Riviéres (UQTR) (CER-20-269-07.13) independent research ethics boards. All
methods were performed in accordance with the relevant guidelines and regulations. All participants signed an
informed consent form prior to participation.

Setting

The study was conducted in collaboration with the neurosurgery outpatient clinic affiliated to the CIUSSS-
MCQ. The latter serves a population of more than 530,000 people, including 82.5% over the age of 18*!. During
the study period, the CIUSSS-MCQ’s neurosurgery department was staffed by 3 neurosurgeons. Chiropractors’
evaluations were conducted by 3 licensed chiropractors, employed as full-time professors or as lecturers at
the UQTR (Quebec, Canada), with experience in treating patients with MSDs ranging from 4 to 20 years. To
ensure standardized evaluation procedures, chiropractors received an in-person training. The training program

Scientific Reports |

(2025) 15:23248 | https://doi.org/10.1038/s41598-025-04529-9 nature portfolio


http://www.clinicaltrials.gov
http://www.nature.com/scientificreports

www.nature.com/scientificreports/

was specifically designed to leverage chiropractors’ existing knowledge and expertise. As chiropractors are not
formally integrated into the public health system in Canada, the training included a 3-hour theoretical session
that provided an overview of the public healthcare system’s structure, the procedures for referring patients to
specialized care, the CRDS’s role and pre-established criteria, as well as a revision of key LBP-related topics. These
concepts were integrated into a clinical decision-making algorithm (see Supplementary File S2), which served
as a decision-aid. To familiarize chiropractors with the application of the algorithm, a 3-hour practical session
was conducted, involving case-based scenarios that participants completed individually and then discussed in
groups led by the lead clinician of the research team. The training focused on providing chiropractors with the
tools to seamlessly integrate their existing expertise into the structured referral process, ensuring they could
confidently navigate the system. Neurosurgeons, on the other hand, carried out their evaluations according to
their usual clinical practice, to reflect typical real-world healthcare settings.

Participants

All patients referred for a neurosurgery consultation for LBP from July 2021 to November 2023 were identified by
the neurosurgery department’s administrative staff using primary complaint reported at the time of appointment
scheduling. Each patient who consulted in the neurosurgery department was assigned a priority code (A to E)
that corresponds to a specific timeframe within which the neurosurgery consultation should occur after the
referral is sent (Supplementary File SI). Patients for whom consent was obtained were subsequently contacted
by a research assistant to ascertain their eligibility. Inclusion criteria were: [1] being aged 18 years or older;
[2] referred for an initial neurosurgery consultation for a primary complaint of LBP (either acute, chronic, or
recurring episode); and [3] able to legally consent to participate. As this study was part of an RCT examining
the effect of a triage approach led by musculoskeletal experts on patients’ clinical outcomes and care trajectories,
patients were excluded if they were involved in litigation related to their LBP condition (worker’s compensation,
public automobile insurance plan or other litigations) as these situations were considered likely to impact
patients’ prognosis and healthcare utilization.

Procedures and data collection

Before being seen by the neurosurgeon, each eligible participant was invited to come to the facilities of UQTR’s
Chaire de recherche internationale en santé neuromusculosquelettique to be evaluated by the chiropractor.
Participants first completed a standardized questionnaire with the research assistant where they provided
sociodemographic data, followed by an 11-point numerical rating scale (NRS) to measure back and leg pain
intensity, the Oswestry Disability Index (ODI) for LBP-related disability, and the STart Back Screening Tool
(SBST) designed to screen patients with LBP for poor prognostic factors. The NRS, ODI and SBST are all valid,
reliable, and responsive assessment tools that are suitable for use in clinical practice?>~2%. The chiropractor then
conducted an evidence-based triage evaluation?which consisted of a standardized history taking and physical
examination. Table 1 presents all variables that were considered by the chiropractor in determining the primary
diagnosis (i.e., the most probable) and the most suitable management strategy for each patient.

After the assessment, chiropractors completed a standardized clinical note (see Supplementary File S3) where
they recorded their final conclusions. Table 2 defines the possible consultation outcomes (i.e., the diagnostic and
management categories in which patients were stratified). The diagnosis was determined by considering patient
demographics, pain characteristics (i.e., primary site of pain, pain distribution, aggravating and relieving factors),
the presence of objective neurological deficits, and the presence of red flags (i.e., indicators of an underlying
pathology). The best management strategy was established based on the patients history of treatments and
diagnostic tests, progression of symptoms, level of disability (ODI questionnaire), risk of poor prognosis (as
determined by the SBST) and risk of aggravation of the condition. In cases where an underlying pathology was
suspected, the International Framework For Red Flags published by Finucane et al.?” was used to clinically assess
the relevance of the information gathered and to determine the most appropriate course of clinical action. To
facilitate comparability of decisions made by chiropractors and neurosurgeons, diagnostic and management
categories were determined considering best evidence synthesis?® and after consultation with the neurosurgeon
team member (C-E.C). Of note, chiropractors were not tasked to determine whether surgery was indicated or
not. Their role was limited to assessing whether the patient required the expertise of a neurosurgeon, either
surgical or non-surgical. Similarly, neurosurgeons were not required to specify which type of conservative care
was needed but rather to decide if a conservative approach was the most appropriate management strategy for the
patient. The use of general diagnostic and management categories in this study allowed both chiropractors and
neurosurgeons to evaluate cases based on their respective expertise and knowledge. Neurosurgery consultations’
outcomes were retrieved from patients’ medical files by a trained research assistant that was kept blinded to the
study objectives.

Statistical analysis

The Kolmogorov-Smirnov normality test was performed for all continuous variables to determine data
distribution. Patients™ clinical profiles, care trajectories and consultation outcomes were summarized using
frequency distributions for categorical variables, and means, medians and standard deviations for continuous
variables. Two independent evaluators (J.M., A-A.M.) reviewed diagnoses and management strategies to
establish if they were concordant. A third evaluator (M.D.) was involved when consensus was not reached. The
proportion of agreement was calculated for overall diagnostic and management agreement, and Cohen’s kappa
(k) with associated 95% confidence intervals (95% CI) were calculated for overall diagnostic and management
agreement, as well as for each diagnostic category. The strength of agreement for k was interpreted as described
in previous studies on diagnostic agreement: 0.00-0.20: weak; 0.21-0.40: slight; 0.41-0.60: moderate; 0.61-0.80:
good; 0.81-0.90: very good, and 0.91-1.00: excellent!’.
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Category

‘ Variable

‘ Outcome

Clinical data

Presence of red flags (i.e.,
indicators of an underlying
pathology)

Bladder and bowel dysfunction, saddle anesthesia, fever, chills, progressive neurological symptoms, history of trauma,
prolonged corticosteroid use, recent history of infection, previous history of cancer, unexplained weight loss, intravenous drug
use, being immunocompromised, morning stiffness, improvement in back pain with exercise but not with rest, awakening
because of pain in the second half on the night, alternating buttock pain, and failure to improve with conservative care

Pain dominance

Back, leg(s) or both

Pain status

History taking Intermittent, constant
Pain duration Acute (<4 wks), Subacute (4-12wks) or chronic (>12 wks)
Symptoms progression Stable, aggravating, improving
History of spinal surgery
Prognostic factors Smoking status
Type and number of comorbidities
Pain intensity NRS-11%: measure of pain intensity ranging from 0 (no pain) to 10 (pain as bad as it could be)
ODI*: regroups 10 questions related to different domains including pain intensity, personal care, lifting, walking, sitting,
Self-reported | Disability standing, sleeping, sexual life, social life, and traveling. Each question is rated on a scale of 0 to 5 points with a maximum
questionnaires score of 50. Higher scores indicate greater disability.
. . SBST?22%: brief validated tool (9-item version): designed to screen patients with LBP for prognostic factors and group patients
Risk of poor prognosis : . . . -
in 3 categories of risk of poor outcome — low, medium, and high risk
Physical gz%sceigce of neurological Sensory, motor, deep tendon reflex deficits
examination
CNS disorder Presence of pathological reflexes

Care trajectories data

History taking | consult

Use of advanced imaging and
diagnostic testing for LBP
prior to the neurosurgery

Number and type

Use of conservative care prior
to the neurosurgery consult

Number and type of treatments
Type of health professional seen

Table 1. Variables used to inform diagnostic and management strategies. CNS Central nervous system, NRS-
11 11-point Numerical Rating Scale, ODI Oswestry Disability Index, SBST STarT Back Screening Tool, wks
weeks.

Chi-square tests were used to compare the proportions of patients assigned to each diagnostic category and
management strategy. Binomial logistic regression analyses using the Wald backward selection method was
also conducted to determine if any clinical or care trajectories variables predicted diagnostic or management
disagreement. Odds ratios (OR) and 95% CI were calculated and reported for each included variable. All
statistical analyses were performed using IBM SPSS Statistics for Windows, Version 18.0.0 (Armonk, NY: IBM
Corp.). Statistical significance was defined as a two-tailed p value <0.05. A posteriori power analysis was used to
determine if an appropriate statistical power was reached. In our study, data from the RCT (www.clinicaltrials.
gov, NCT04923308) were used to perform a secondary analysis exploring the diagnostic concordance between
professionals and post hoc power analyses provide insight into whether the sample size was adequate for
detecting an effect. Considering the sample size, a significance level of 0.05 and a null hypothesis k; < 0.4, we
reached a statistical power of 0.8.

Results

Participants

One hundred and fifty potential participants were identified by the neurosurgery department staff at appointment
scheduling. Figure 1 presents a flowchart summarizing the recruitment of participants. A total of 101 eligible
patients agreed to participate and were included in the study. The mean age of the sample was 60.32 years
(SD=14.69) and 52.5% of included participants were male. The number of days between the chiropractor
evaluation and the neurosurgery consultation ranged from 0 to 27 days (median: 1.0; IQR: 1.0-3.0). All
participants included in this study were assigned to priority codes C (appointment needed within 28 days), D
(appointment needed within 3 months) and E (appointment needed within 12 months).

Clinical profiles

Patients clinical characteristics are detailed in Table 3. Of the 101 participants included in the analysis, 42.6%
presented with one or more red flags (range 1-6), the most frequent being unusual fatigue (29.7%), night
pain (28.8%), and progressive neurological deficit (23.8%). Sixty-one participants (60.4%) reported back pain
worse than leg pain, and 57.4% exhibited intermittent symptoms. Most participants (94.1%) were experiencing
chronic pain (>12 weeks), 45.5% had an impaired sensory function, 70.3% had objective motor deficits, and
27.7% showed asymmetrically diminished deep tendon reflexes. Thirty-one participants (30.7%) had stable
or improving symptoms at the time of the chiropractor’s assessment, and 55.4% exhibited a deterioration in
symptomatology. A review of participants’ medical history revealed that 10.9% had a previous history of lumbar
surgery, and that 15.8% were current smokers. In 67.3% of cases, participants were classified as multimorbid,
presenting two or more comorbidities*’the most frequent being cardiovascular diseases (60.4%), endocrine
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Diagnosis

Category

Main characteristics

Nomenclature

1. Non-specific LBP?

Exclusion of radicular syndrome and specific LBP
No known pathoanatomical cause

Mechanical LBP, chronic primary LBP, SIJ dysfunction

2. Radicular syndrome?-*°

Radicular pain

Leg pain typically worse than back pain
Dermatomal distribution
Unilateral (below the knee for L4, L5, S1)

Sciatica

Radiculopathy

Lumbar disc herniation

Presence of weakness, loss of sensations, or loss of deep tendon reflexes
Dermatomal distribution

Unilateral

Can coexist with radicular pain

Lumbar nerve root involvement/compression/impingement

LSS

Typically, bilateral leg pain with or without LBP
Pain relief upon sitting, or when bending forward
Pain exacerbation while standing up or walking

Neurogenic claudication

3. Specific LBP?-3!

Pain arises from an underlying pathoanatomical cause
Presence of red flags (i.e., indicators of an underlying pathology)

Spinal fracture

Cauda equina syndrome
Malignancy/spinal tumor
Spinal infection

Axial spondyloarthritis

4. Other Pain arises from problems beyond the lumbar spine e.g., Cervical myelopathy, vascular disorders, peripheral joints disorders
Management strategies
Category Chiropractors Neurosurgeons

1. Conservative care

Indication to pursue or to initiate conservative treatments
Surgical consultation not indicated

a) The patient is discharged from the neurosurgery service or
b) A FUP visit, or phone call is scheduled after the conservative care
trial

2. Further diagnostic tests
needed

Lack of appropriate diagnostic tests or tests not sufficiently up to date
to determine the primary diagnosis and the best management strategy

Neurosurgeons determined that there was a lack of appropriate
diagnostic tests to establish the diagnosis or identify the best
management strategy The patient is advised to undergo the appropriate
diagnostic tests (e.g., imaging, EMG) and a FUP visit is scheduled

3. Neurosurgery referral
indicated

The patient’s clinical profile warrants a neurosurgical consultation (e.g.,
progressive neurological signs and symptoms, high levels of disability
combined to failure of conservative treatments or with evidence of
structural abnormalities)

a) Clear surgical indication (i.e., preoperative examinations are
scheduled)

b) Relative surgical indication®, a FUP visit is scheduled to monitor the
progression of symptoms

c) The neurosurgeon determined the surgery was not indicated at this
stage but prescribed other tests or interventions, along with a follow-up
visit

4. Medical emergency

The patient presents a condition that poses an immediate risk to their
life or long-term health (e.g., suspicion of a leaking aortic aneurysm)

Immediate referral to the emergency department

5. Falls under another
specialty

Spinal surgery not indicated but the patient needs to be seen by
another specialist (e.g., vascular surgeon)

The patient is discharged from the neurosurgery service and is referred
to another specialist

Potential
participants

identified
(n=150)

Table 2. Consultation outcomes. FUP Follow-up, LBP Low back pain, LSS Lumbar spinal stenosis, SIJ Sacro-
iliac joint. ®Potential surgical indication if symptoms persist or worsen after conservative treatment or for

clinically stable patients with persistent disabilities.

Patients

Declined Did not meet
participation ass%se.d.for inclusion
(n=30) eligibility criteria (n=2)

(n=120)

Eligible Patients who Patients
patients who accepted but did included in
accepted to Hofattendithe the

participate
(n=118)

analysis
(n=101)

evaluation (n=17)

*  Lack of interest (n=6)

*  Transportation issues (n=6)
U Unable to contact (n=5)

*  Schedule conflict (n=13)

* Involved in litigation
related to their LBP
condition (n=2)

* Reasons unknown (n=7)

« Disability too severe for travelling (n=5)
* Schedule conflict (n=4)

* Personal issue (n=1)

Fig. 1. Flowchart of study participants.
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Characteristics (N=101) N (%) or Mean + SD | Missing value, n (%)
Presence of one or more red flags (yes) | 43 (42.6) -

Red flags (type)

Unusual fatigue 30(29.7)

Night pain 29 (28.7)

Progressive neurological deficit 24 (23.8)

Morning stiffness 19 (18.8)

Urinary or fecal incontinence 18 (18.7) h
History of cancer 17 (16.8)

Urinary retention 16 (15.8)

Night sweats 14 (13.9)

Other 20 (19.8)

Pain dominance

Back dominant 61 (60.4) -

Leg dominant 40 (39.6)

Pain status

Constant pain - -
Intermittent pain -

Pain duration

Acute 2(2.0)

Subacute 4 (4.0) )
Chronic 95 (94.1)

Symptom progression

Stable 12 (11.9)

14 (13.9)

Aggravation 56 (55.4)

Improvement 19 (18.8)

History of spinal surgery (yes) 11 (10.9) -
Smoking status

Non-smoker 51 (50.5)

Current smoker 16 (15.8) 360
Former smoker 30 (29.7)

Comorbidities (number)

0-1 33 (32.7) -
Multimorbidity (> 2) 68 (67.3)

Comorbidities (type)

Cardiovascular 61 (60.4)

Endocrine 38 (37.6)

Gastrointestinal 19 (18.8) -
Psychological 18 (17.8)

Neurological 13 (12.9)

Other 50 (49.5)

Pain intensity (NRS-11)

Back pain 53+25 1(1.0)
Leg pain 42+28

Disability (ODI) 39.4+17.0 1(1.0)
Risk of poor prognosis (SBST)

Low risk 25(24.8)

Medium risk 42 (41.6) 1(10)
High risk 33 (32.7)
Sensory function

Hypoesthesia 44 (43.6)

Hyperesthesia 1(1.0) 4 (4.0)
Allodynia 1(1.0)

Normal 51 (50.5)
Motor function

Motor deficit 71 (70.3) 1(1.0)
Normal 28 (27.7)
Continued
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Characteristics (N=101) N (%) or Mean + SD | Missing value, n (%)
Reflexes
Hyporeflexia 28 (27.7)

P 2(2.0)
Hyperreflexia 0(0.0)
Normal 70 (69.3)
Presence of pathological reflexes
Clonus 5(5.0)

1(1.0)

Positive Babinski sign 1(1.0)
Positive Hoffman sign 1(1.0)

Table 3. Clinical profiles based on chiropractors’ assessments. NRS-11 11-point Numerical Rating Scale, ODI
Oswestry Disability Index, SBST STarT Back Screening Tool, SD Standard deviation.

Characteristics (N=101) N (%) Missing value, 1 (%)

Diagnostic tests prior to the neurosurgery consultation (yes) 93(92.1) | 2(2.0)

Diagnostic tests (type)

MRI 86 (85.1)
CT-scan 21(20.8) | 1(1.0)
X-rays 7 (6.9)

Other? 8(7.9)
Conservative treatments prior to the consultation (yes) 75(74.3) | -

Non-pharmacological conservative treatments prior to the consultation

Physiotherapy 52 (51.5)

Massage therapy 17 (16.8) | -
Chiropractic 35 (34.7)

Other® 16 (15.8)
Pharmacological conservative treatments prior to the consultation

Pain medication 91 (90.1) | 26 (25.7)
Anesthetic injections 47 (46.5)

Previous consultation with a neurosurgeon for the same LBP problem (yes) | 22 (21.8) | -

Table 4. Previous examinations and treatments. CT-scan Computed tomography, MRI Magnetic resonance
imaging, X-rays Radiographs. *Angiography scan, Electromyography, Scintigraphy. ®Kinesiology, Osteopathy,
Acupuncture, Occupational therapy.

diseases (37.6%) and gastrointestinal disorders (18.8%). Participants experienced moderate back (M =5.3 + 2.5)
and leg pain intensity (M =4.2 £ 2.8) and reported moderate LBP-related disability (M =39.4 + 17.0). As for risk
of poor prognosis determined by the SBST, 24.8% of patients were stratified as low risk, 41.6% as medium risk,
and 32.7% as high risk.

Care trajectories

Table 4 presents detailed information regarding participants’ care trajectories for their current LBP episode.
Nearly all (92.1%) participants were referred by their primary physician for further diagnostic testing prior
to their initial neurosurgery consultation, with MRI (85.1%) and CT-scan (20.8%) being the most frequently
prescribed imaging procedures. Seventy-five participants (74.3%) received conservative treatments prior to the
neurosurgery consultation, including 41.8% for whom pain medication was prescribed, 46.5% who received
anesthetic injections, 51.5% who underwent physiotherapy treatments, and 34.7% who had seen a chiropractor.

Consultation outcomes
The final conclusions of the chiropractors’ assessments are presented in Table 5. Sixty-five participants (64.4%)
were diagnosed with a radicular syndrome, with each participant having one of the following conditions:
radicular pain, lumbar radiculopathy or lumbar spinal stenosis. The diagnosis of non-specific LBP was attributed
to 29.7% of participants, with the remaining suffering from specific LBP (1.0%) or experiencing symptoms
unrelated to lumbar spine disorders (5.0%). Upon chiropractors’ assessment, conservative care was considered
the most appropriate management strategy for 50.5% of participants, while 43.6% were deemed to require a
neurosurgery consultation. For 3 participants, further diagnostic tests were considered necessary to determine
the best management strategy.

Of the 101 participants, 100 attended their consultation with the neurosurgeon. Neurosurgery consultation
outcomes are presented in Table 6. A clear spinal surgery indication was documented in 9.0% of participants.
35% of participants were discharged from the neurosurgery service and advised to pursue or initiate conservative
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Characteristics (N=101) N (%)
Diagnostic

1. Non-specific LBP 30 (29.7)
2. Radicular syndrome 65 (64.4)
3. Specific LBP 1(1.0)
4. Other 5(5.0)

Management strategies

1. Conservative care 50 (50.5

2. Further diagnostic tests needed 3(3.0

4. Medical emergency 0(0.0

)
)
3. Neurosurgery referral indicated | 44 (43.6)
)
)

5. Falls under another specialty 4 (4.0

Table 5. Outcomes of chiropractors’ evaluation. LBP Low back pain.

Characteristics (N=100) ‘ N (%) ‘ Missing value, n (%)
Diagnostic
1. Non-specific LBP 41 (41.0)
2. Radicular syndrome 52 (52.0)
5(5.0)
3. Specific LBP 0(0.0)
4. Other 2(2.0)

Management strategies

1. Conservative care

a) Discharge from the neurosurgery service and advise to pursue or initiate conservative treatments | 35 (35.0)

b) Conservative care and FUP 16 (16.0)

2. Further diagnostic tests needed® 3(3.0)

3. Neurosurgery referral indicated

a) Clear surgical indication (surgery performed) 9 (9.0)

b) Relative surgical indication 2(2.0) -
¢) Other tests and FUP
Anesthetic injections and FUP 20 (20.0)
Imaging and FUP 11 (11.0)

4. Falls under another specialty 4(4.0)

5. Medical emergency 0 (0.0)

Table 6. Neurosurgery consultations’ outcomes. FUP Follow-up, LBP Low back pain. *®Neurosurgeons
determined that there was a lack of appropriate diagnostic tests to establish the diagnosis or identify the best
management strategy.

treatments, and 16.0% were prescribed a follow-up visit after their conservative care trial. For participants non-
surgically managed by neurosurgeons (i.e., those for whom the neurosurgeon determined the surgery was
not indicated at this stage but prescribed other tests or interventions, along with a follow-up visit) (33.0%),
20.0% were referred for anesthetic injections, and 11.0% for advanced imaging or other tests (e.g., EMG).
Three participants (3.0%) attended the neurosurgery consultation without the required imaging. As a result,
neurosurgeons determined that there was a lack of appropriate diagnostic tests to establish the diagnosis or
identify the best management strategy.

Diagnostic agreement

Of the 101 participants, 6 were excluded from the diagnostic agreement analysis, including 5 for whom no formal
diagnosis was retrieved from the patient’s file by the research assistant and 1 who did not attend the neurosurgery
consultation (due to a personal issue). Overall diagnostic agreement between chiropractors and neurosurgeons
was 74.7% (71/95) and inter-rater diagnosis agreement was moderate (k=0.51; 95%CI [0.35-0.68]). Table 7
presents agreement proportions and inter-rater diagnosis agreement per diagnostic category. Chiropractors
were significantly less likely to attribute a diagnosis of non-specific LBP to participants (31.6%) compared to
neurosurgeons (43.2%) (p=0.02), with an agreement proportion of 80.0%. Sixty participants (63.2%) were
diagnosed with a radicular syndrome by the chiropractors, compared to 54.7% by the neurosurgeons (p=0.09),
with an agreement proportion of 75.0%. Chiropractors were more likely than neurosurgeons to consider a
problem beyond the lumbar spine as the cause of LBP (5.3% vs. 2.1%), but this difference was not statistically
significant (p=0.08).
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Primary diagnosis Chiropractors (%) | Neurosurgeons (%) | Chi-square test (p value) | Agreement proportion (%) | k (95% CI)

1. Non-specific LBP 30 (31.6) 41 (43.2) 5.26 (0.02)* 24/30 (80.0) 0.49 (0.32-0.66)
2. Radicular syndrome | 60 (63.2) 52 (54.7) 2.91 (0.09) 45/60 (75.0) 0.53 (0.35-0.70)
3. Specific LBP 0(0.0) 0(0.0) - - -

4. Other 5(5.3) 2(2.1) 3.00 (0.08) 2/5 (40.0) 0.56 (1.12-0.99)

Table 7. Diagnostic agreement. k: Cohen’s kappa; LBP: Low back pain; *p < 0.05.

Management strategy Chiropractors (%) | Neurosurgeons (%) | Chi-square test (p value) | Agreement proportion (%)
1. Conservative care 49 (49.0) 51 (51.0) 0.22 (0.815) 41/49 (83.7)

2. Further diagnostic tests needed 3(3.0) 3(3.0) - 3/3 (100.0)

3. Neurosurgery referral indicated® | 44 (44.0) 42 (42.0) 0.89 (0.481) 34/44 (77.3)

4. Medical emergency 0(0.0) 0(0.0) - -

5. Falls under another specialty 4(4.0) 4 (4.0) - 4/4 (100.0)

Table 8. Management agreement. *p <0.05. *Chiropractors determined that the participant’s condition
warranted the expertise of a neurosurgeon. Neurosurgeons managed the participant either surgically or non-
surgically.

Management agreement

Of the 101 participants, one was excluded from the management agreement analysis for not attending the
neurosurgery consultation (due to a personal issue). Overall management agreement between chiropractors and
neurosurgeons was 82.0% (82/100), with good inter-rater agreement (k 0.68; 95%CI [0.54-0.82]).

Table 8 presents agreement proportion per management category. Chiropractors determined that undergoing
conservative care treatments was the best management strategy for 49.0% of participants, compared to 51.0% for
neurosurgeons (p=0.815), with an agreement proportion of 83.7%. Both the chiropractors and neurosurgeons
identified 3 participants that needed to undergo further diagnostic tests and 4 participants that needed to be
seen by another specialist (i.e., vascular surgeon, ENT specialist), with an agreement proportion of 100.0%.
Chiropractors determined that 44.0% of participants presented with a condition warranting the expertise of a
neurosurgeon, while 42.0% of the participants were managed by neurosurgeons (p=0.481), either surgically or
non-surgically, with an agreement proportion of 77.3%.

Figure 2 details neurosurgeons’ decisions for the participants for whom chiropractors recommended
conservative care or a neurosurgery consultation. We defined agreement between providers for conservative
care as occurring when neurosurgeons also recommended conservative care, with or without a follow-up visit.
We defined an agreement between providers for a neurosurgery referral as occurring when neurosurgeons
managed the patient either surgically or non-surgically (i.e., by prescribing additional tests or interventions
along with a follow-up visit). Of the 49 participants who were advised to initiate or pursue conservative care
by chiropractors, 28 (57.1%) were discharged from the neurosurgery service upon initial consultation (i.e.,
the neurosurgeon determined that their expertise was not required, and that the patient should initiate or
pursue conservative treatment), and 13 (26.5%) were recommended conservative care combined with a follow-
up visit. Eight participants (16.3%) for which conservative care was determined to be the best management
strategy by the chiropractors were managed by neurosurgeons, of whom 7 (14.3%) were prescribed other tests
with a follow-up visit, and one (2.0%) who underwent spinal surgery. Ten participants (22.7%) for whom the
neurosurgery consultation was deemed necessary by the chiropractors were advised by neurosurgeons to pursue
conservative treatments, including 7 (15.9%) who were discharged from the neurosurgery service, and 3 (6.8%)
for which a follow-up visit was scheduled. Thirty-four participants (77.3%) were managed by neurosurgeons as
recommended by the chiropractors including 26 (59.1%) who were prescribed other tests with a follow-up visit,
and 8 (18.2%) who underwent spinal surgery.

Predictors of diagnostic and management disagreement

Regression analyses revealed two predictors of diagnostic disagreement. The presence of urinary retention
was associated with a six-fold increase in the odds of diagnostic disagreement (p=0.007; OR 6.397; 95% CI
[1.648-24.831]). Additionally, the presence of asymmetrically diminished tendon reflexes was associated with
a 77.9% decrease in the odds of diagnostic disagreement (p=0.040; OR 0.221; 95% CI [0.052-0.937]. None of
the variables included in the binomial regression analysis emerged as predictors of management disagreement.
Results of regression analyses are detailed in Supplementary File S4.

Discussion

The increasing prevalence of MSDs, especially LBP, has strained healthcare systems’ capacity to manage limited
resources. Overreliance on the expertise of medical specialists has contributed to long waiting lists, delaying
access to appropriate care for patients with LBP. Given their expertise, chiropractors can play a crucial role
in triaging patients with LBP and optimizing referral pathways, enabling a more efficient use of healthcare
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Chiropractors’
decisions

1. Conservative

28 13 7 1
(57.1%) (26.5%) (14.3%) (2.0%)

care
(N =49)
7 3 24 2 8
(15..9%) (6.%%) (54?%) (4.52%) (18.,2%) Disagreements
2. Neurosurgery
referral
indicated
(N =44)
20 30 40 50
Number of participants
Neurosurgeons’ decisions
1. Conservative care 2. Neurosurgery referral indicated
. a) Discharge from the ‘ b) Conservative . a) Clear surgical . b) Relative c) Other tests
neurosurgery service care and FUP indication surgical and FUP

indication

Fig. 2. Comparison of recommended management strategies between chiropractors and neurosurgeons.
This figure details the neurosurgeons’ decisions for participants for whom chiropractors recommended either
conservative care (indicated by the upper bar) or a neurosurgery consultation (indicated by the bottom bar).
Cases where there was disagreement between providers are highlighted by a red rectangle.

resources while minimizing unnecessary wait times for specialist consultations. As a first step, this study aimed
to evaluate the diagnostic and management concordance between chiropractors and neurosurgeons for patients
with LBP referred for a neurosurgery consultation, and to identify the patients’ characteristics that influence the
odds of diagnostic and management disagreements between providers.

One hundred and fifty eligible patients were identified by the neurosurgery department, including 30 (20.0%)
who declined to participate. Compared to previous diagnostic concordance studies where non-participation
rates ranged from 0.0%-to 11.4%4-19, this study observed higher rates of non-participation. The primary reasons
cited to decline participation were schedule conflicts and transportation issues. In this study, chiropractors and
neurosurgeons were not working in the same facilities, requiring patients to travel to both sites and allocate extra
time in their schedules to participate, which may explain these differences.

Ultimately, the study sample included 101 participants, with a mean age of 60 years. Chiropractors’ and
neurosurgeons’ diagnostic agreement was moderate. Diagnostic agreement was slightly lower compared to
previous diagnostic concordance studies focusing on various MSK disorders and peripheral joints disorders
(i.e., hip, knee, and shoulder), reporting overall agreement ranging from 86.0 to 92.2% and good to very good
inter-rater agreement (k 0.63; 95%CI [0.13-1.00] - 0.89; 95%CI [0.83-0.94])'4-1°. However, several contextual
factors, had they been different, may have contributed to a higher level of agreement between providers. For
instance, some assessments were not performed on the same day as the neurosurgery consultation, as the timing
of the neurosurgery appointment did not leave sufficient time for chiropractors to perform their assessments
beforehand. For 5 out of the 8 participants for whom the delay between appointments exceeded one week,
disagreements between the two providers regarding diagnosis and/or management strategy were observed. As
chronic LBP is fluctuating in nature®***a shorter delay between assessments would likely minimize changes in the
clinical profile, thereby limiting the potential for conflicting clinical decisions. Higher diagnostic concordance
might also have been achieved if chiropractors had access to the same diagnostic tests as neurosurgeons (e.g.
bladder scan, MRI). This is particularly relevant in cases involving bladder dysfunction, which can result from
a wide range of conditions. In such situations, a subjective assessment of symptoms may not be sufficient for
definitive diagnosis, which could partly explain the differences observed in diagnostic conclusions. Furthermore,
considering the variability in performance of evaluation components for the diagnostic triage of patients with
LBP and the potential for subjectivity in interpreting results?*the lack of standardization in assessment protocols
between chiropractors and neurosurgeons could also be a factor contributing to diagnostic discordance.

Overall management agreement between chiropractors and neurosurgeons was good. This result is
comparable to previous studies investigating management agreement for diverse MSK conditions, reporting
overall management agreement ranging from 64.0 to 91.6% and slight to good inter-rater agreement (x 0.27 95%CI
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[0.07-0.45] —0.77 95%CI [0.65-0.88]) between providers!*!>17-1% Overall agreement for conservative care was
high, with only 8 disagreements, including 7 patients for whom other tests were prescribed with neurosurgery
follow-up. Neurosurgeons mentioned informally that they might be more likely to provide immediate care (i.e.,
either surgical or non-surgical) to patients with complex clinical profiles, even when conservative care could
have been beneficial, acknowledging that these patients often face long waiting lists to see a medical specialist,
which might partly explain these discrepancies. Higher management concordance might also have been
achieved if chiropractors had access to imaging results. These were not available to chiropractors as they did
not share the neurosurgery clinic’s facilities and therefore had no access to centralized patient medical records.
Out of 10 cases where neurosurgeons recommended conservative care despite chiropractors determining
that a neurosurgery consultation was necessary, imaging findings supported neurosurgeons’ decisions in 3
of these cases, showing a discordance between MRI results and the patient’s clinical profile or a reduction in
disc herniation compared to previous imaging. One patient also informed the chiropractor of a sacral tumor,
which was later rule out with imaging. Considering that chiropractors have since gained access to the Dossier
Santé Québec, a secure platform that facilitates real-time sharing of health information between authorized
organizations and healthcare providers, diagnostic concordance between chiropractors and neurosurgeons is
likely to improve further. Additionally, a better access to health information should help to minimize situations
of uncertainty, where chiropractors refer patients to neurosurgeons as a precaution. A patient with dominant
leg pain, without objective neurological signs, yet with severe disability, may be an example where primary care
clinicians might be concerned about the progression or severity of the condition and judge that a referral to the
medical specialist is appropriate despite the absence of objective neurological signs. Another difference lies in
the use of the SBST and ODI questionnaires?*?*which informed chiropractors on the patient’s level of disability
and risk of poor prognosis. In addition to providing information on the risk of persistent pain and disability,
the SBST questionnaire was designed to directly guide treatment or referral decisions by using risk-prediction
thresholds®. Stratified care approaches using the SBST questionnaire have been shown to lead to better health
outcomes compared to usual care for patients with LBP**’. Incorporating the results of the SBST and ODI
questionnaires into the neurosurgeons’ assessments could have increased the level of agreement in management
decisions.

Nevertheless, chiropractors and neurosurgeons agreed that a significant proportion of patients with LBP
could have benefited from conservative management. These study findings suggest that a chiropractor-led model
of care could help reduce unnecessary wait times for medical specialist consultations and improve timely access
to appropriate care for patients with LBP.

Strengths and limitations

To our knowledge, this is the first study to evaluate diagnostic and management agreement between chiropractors
and neurosurgeons, specifically for patients suffering from LBP and referred for neurosurgery consultation.
The sample encompasses patients with diverse clinical profiles representative of the study population, which
enhances the generalizability of the results. However, our study has some limitations. Although the sample is
representative, it primarily includes patients with more complex clinical profiles than those typically seen by
chiropractors. Additionally, for patients where two types of pain coexist (e.g., non-specific and radicular pain),
the delay between consultations may have led to a shift in the dominant pain type. Categorizing these patients
into a single diagnostic category could have potentially created an impression of disagreement between providers
where none existed. Furthermore, this study did not account for the nociplastic dimension of pain. While this
represents a critical aspect of pain assessment, current LBP clinical practice guidelines do not yet provide
clear recommendations for evaluating this type of pain. Another limitation is that chiropractors were aware
that the patient had already been referred to neurosurgery, and given the high proportion of referrals deemed
inappropriate!°this may have introduced a perception bias. It remains unclear whether this bias overestimated or
underestimated the level of agreement between the professionals. However, it is possible that these results may
not be generalizable to primary care settings where chiropractors assess patients before any referral decision
has been made. Additionally, this study focuses solely on evaluating the concordance between the two types
of providers. Although both neurosurgeons and chiropractors are highly trained and are expected to inform
their decisions based on clinical practice guidelines, the study does not allow us to draw conclusions about the
validity of their diagnoses or management strategies. This study also involved clinical assessments whose results
may vary based on personal judgment and clinical experience. The inter-rater reliability was not measured in
this study, which could have help quantify the impact of these variations on study’s validity. However, to mitigate
variability, only skilled and experienced clinicians conducted the assessments. Consequently, results might differ
if chiropractors with less training and experience were involved.

Conclusion

Despite clinical evaluations by chiropractors and neurosurgeons occurring at different time points and
chiropractors having limited access to medical records, moderate diagnostic agreement and good management
agreement were observed between the two groups of providers. This underscores the potential for chiropractors
to play a key role as intermediaries in the care pathway of patients with LBP, potentially leading to a more efficient
use of health resources. Future research is needed to evaluate the impact of a chiropractor-integrated model of
care, including triaging, on clinical outcomes, care pathways and healthcare utilization for patients with LBP.

Data availability
The datasets supporting the conclusions of the current study will be made available by the corresponding author
upon a reasonable request.
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