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Study Design: A retrospective comparative study.
Purpose: To evaluate the accuracy of examination findings and diagnoses established after initial spinal consultations for low back pain 
conducted virtually in comparison with face-to-face (F2F) consultations.
Overview of Literature: The COVID-19 pandemic required a shift from F2F to virtual consultations in healthcare, with documented ben-
efits such as reduced costs, CO2 emissions, and time. However, the diagnostic accuracy of telemedicine for conditions requiring physical 
examinations, such as low back pain, remains underexplored. Although studies have highlighted the feasibility and high satisfaction of 
virtual spinal assessments, they have not thoroughly investigated their diagnostic accuracy.
Methods: This study included 154 new patients with degenerative lumbar spine problems who were assessed via virtual consultations 
(VCs) (n=77) or F2F (n=77) by a single orthopedic spinal surgeon between May 2020 and January 2021. Patients were matched by age 
and sex, and examinations followed the “telemedicine musculoskeletal examination” protocol by the Mayo Clinic. Diagnostic changes 
from initial to definitive diagnoses were recorded and compared between the two groups.
Results: The diagnostic accuracy of VCs was comparable with that of F2F examinations, with no significant difference in the rate of 
diagnostic changes between the groups (p=0.814 for any change; p=0.405 for more significant changes). Motor deficits were the only 
examination component with significant false-positive rates in the VC group (p=0.023).
Conclusions: The study findings indicate that initial spinal VCs and examinations are effective, safe, and beneficial in the evaluation 
of low back pain, providing the same diagnostic accuracy as initial F2F consultations. All erroneous motor deficit findings were false-
positives, which means that no serious pathology was missed during the initial VC evaluation. Future research should focus on refining 
virtual examination techniques, particularly for assessing motor deficits.
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Introduction

The COVID-19 (coronavirus disease 2019) pandemic 
has precipitated a rapid change in the delivery of 
healthcare services: shifting away from face-to-face 
(F2F) consultations toward video consultations (VCs) 
[1-3]. Initially, this was done out of necessity to protect 
patients and clinicians and adhere to lockdown regula-
tions; however, VCs have presented numerous addi-
tional benefits, such as lowering patients’ costs, carbon 
footprint, and time [4,5]. Nevertheless, VCs have raised 
questions regarding safety and diagnostic accuracy 
[6,7], particularly the inability to perform hands-on ex-
aminations [8]. Over an online platform, the clinician 
cannot physically interact with the patient; therefore, 
the examination technique must be modified. In 2020, 
a systematic review assessed the validity of perform-
ing spinal assessments through telemedicine, yielding 
three studies predating the pandemic. At this time, no 
guidance has been established on performing a virtual 
examination, and they found a literature gap and rec-
ommended further research to validate virtual physical 
examinations for lower back pain (LBP) [9]. Based on 
experiences during the pandemic, various guidelines 
have now been published, recommending approaches 
for conducting virtual spinal examinations [10-15]. In 
addition, studies have used patient and clinician sur-
veys to demonstrate the feasibility and high satisfaction 
of these virtual spinal assessments [16-19]; however, 
few have considered the diagnostic accuracy of VCs.

This primary aim of this study was to evaluate wheth-
er the diagnostic accuracy of virtual spinal examina-
tions differed from those conducted during F2F clinics 
in patients presenting with LBP. The secondary aim 
was to quantify the benefit of reduced carbon footprint 
from traveling.

Materials and Methods

The study received ethical approval via Technology-
Enabled Care (TEC) Cymru for all service evaluations 
conducted in association with the use of the NHS Wales 
VC Service (reference no., SA/1114/20).

Retrospective data were collected from consecutive 
new patients presenting with lumbar spine problems 
were seen through VCs with a single orthopedic spinal 
surgeon practicing in Wales between May 2020 and 
January 2021. The data included demographic details, 
examination findings, clinical diagnosis based on the 
initial VC, imaging results, and subsequent F2F exami-
nation findings. Patients who had an initial VC without 

F2F follow-up or subsequent imaging were excluded. 
The patient group was then matched by age and sex 
to patients within the same database (i.e., assessed by 
the same surgeon in the same outpatient clinic) seen 
either before or after the pandemic for an initial F2F 
appointment (2006–2023). This resulted in a total of 
154 patients, with 77 in each group. The examinations 
took place on Zoom (Zoom Video Communications 
Inc., San Jose, CA, USA), following the structure of the 
“telemedicine musculoskeletal examination” (TME) 
protocol by the Mayo Clinic as a template [11], ensur-
ing consistency. Although the protocol covers various 
spinal tests, only the components that we deemed the 
most user-friendly were replicated, namely, the range of 
motion (ROM), muscle strength, and straight-leg raise 
(SLR). The TME protocol does not include the femoral 
nerve stretch test (FNST); the method we used for this 
required patients to stand with a balance aid, bend their 
knee to 90°, and then extend their hip. Anterior thigh 
pain was considered a positive finding.

In both groups, the initial clinical diagnosis after the 
initial appointment by VC or F2F was compared, and 
a definitive diagnosis was made after subsequent imag-
ing and further examinations. The individual compo-
nents of the spinal examination were also considered, 
and any differences between the virtual examination 
and subsequent F2F examination findings were noted. 
The components compared were ROM, motor deficit, 
SLR, and FNST. The results of the SLR and FNST test 
were categorized as a binary outcome of “positive” or 
“negative” rather than recording the exact angles, and 
a sensory examination was not included because it was 
considered too subjective. The initial and subsequent 
examination findings were also compared in the F2F 
group. Pearson chi-square tests were used to compare 
the number of changes in each group for both diagno-
ses and examination findings.

To achieve the secondary outcome, using the short-
est mileage route of Google Maps, the home postcodes 
of the VC group were used to calculate the distance 
they would have had to travel to the hospital if they had 
commuted.

Results

Of the 154 patients included, 51.3% were female and 
48.7% were male, with an equal distribution in both 
groups because of sex matching. In each group, the ages 
of patients were matched within 6 months, resulting in 
an average age of 49 and 50 in the F2F and VC groups, 
respectively, at the date of their first appointment. The 
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most common definitive diagnoses in both groups were 
radiculopathies and nonspecific LBP, and the respective 
numbers of patients are shown in Table 1.

Diagnostic accuracy

In the VC group, the initial clinical diagnoses of 10 
patients changed after having an F2F examination and, 
in some cases, imaging. These included a change in 
the diagnosis of radiculopathy from a spinal level to 
its adjacent spinal level, which was considered a minor 
change, for example, a provisional diagnosis of L5 ra-
diculopathy became S1 radiculopathy. These changes 
are common and generally acceptable in clinical exami-
nation and imaging because of differences in human 
anatomy, overlap in nerve distributions, and subjectiv-
ity in the descriptions of symptoms. Of the 10 patients, 
two had a more significant change: initially, they were 
diagnosed with nonspecific LBP (i.e., with no neural 
issues); however, subsequent magnetic resonance imag-
ing showed nerve compression. In the F2F group, 11 
diagnoses changed after imaging was performed, with 
seven of these being a minor change (between adjacent 
spinal levels) and four being more significant, i.e., from 
pain with a neuropathic origin to pain with vascular or 
mechanical origin. Table 2 shows the number of diag-
nostic changes in each group. When considering those 
with any change between clinical and definitive diag-
nosis, the difference between the two groups was not 
significant (p=0.814); similarly, no difference was noted 
when analyzing only those with more clinically signifi-
cant changes (p=0.405).

Examination accuracy

With regard to physical examination findings, all 77 
patients in the F2F group had completed all examina-
tion components, and no changes in the findings were 
noted between the initial and subsequent examinations. 
Among the 77 patients in the VC group, some aspects 
of the examination either had not been completed or 
data were missing; accordingly, they were excluded 
from comparisons for that particular component. 
Table 3 shows the number of patients in the VC group 
with changes in each examination component when 
subsequently examined in person. No variations were 
observed in the ROM assessments. Of the 68 patients 
who underwent the FNST online, 1 (1.5%) tested posi-
tive in the VC but tested negative in the F2F examina-
tion. When compared with the 100% accuracy in the 
F2F group, the difference was not significant (p=0.286). 
Of the 74 patients who performed the SLR virtually, 2 
(2.7%) exhibited different findings in the subsequent 
F2F examinations. However, when compared with 
the F2F group, the difference was also not significant 
(p=0.146).

There was, however, a clinically significant false-pos-
itive rate of motor deficits noted during VCs. That is, 
five of the 77 patients demonstrated motor deficits dur-
ing the VC; however, such findings were not observed 
in subsequent F2F examinations, equating to a 6.5% 
change when compared with 0% for the F2F group, 
which indicated a significant difference (p=0.023).

Discussion

To our knowledge, this is the first study that evaluates 
the accuracy of the examination techniques described 
in the TME of the Mayo Clinic (with the addition of 
our FNST technique) when applied to the initial LBP 
assessment by VCs in comparison with a control group 
who underwent initial F2F consultations. Our results 
shed light on the feasibility of virtual spinal consulta-
tions, which yielded an initial diagnostic accuracy equal 

Table 3. Number of patients who had different findings on initial video con-
sultations compared to subsequent face-to-face examination

No change Change Total

Range of motion 77 (100.0) 0 77 (100.0)

Motor deficits 72 (93.5) 5 (6.5) 77 (100.0)

Femoral nerve stretch test 67 (98.5) 1 (1.5) 68 (100.0)

Straight-leg raise 72 (97.3) 2 (2.7) 74 (100.0)

Values are presented as number (%). Statistically significant results are 
marked in bold. 

Table 1. Number of patients with each definitive diagnosis

Definitive diagnosis Face-to-face 
(n=77)

Online 
(n=77)

Total 
(n=144)

Radiculopathy 39 41   80 (55.6)

Non-specific lower back pain 37 32  69 (47.9)

Scoliosis 0 2 2 (1.4)

Pectus 0 1 1 (0.7)

Lipoma 0 1 1 (0.7)

Vascular claudication 1 0 1 (0.7)

Values are presented as number or number (%).

Table 2. Number of patients with a change in initial to definitive diagnosis in 
each group

No 
change

Minor 
change

Significant 
change Total

Video consultations 67 (87)   8 (10) 2 (3) 77 (100)

Face-to-face 66 (86) 7 (9) 4 (5) 77 (100)

Values are presented as number (%).
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to that of the initial F2F evaluation.
The findings of this study align with the recent re-

search. For example, in 2021, Crawford et al. [20] 
reported that procedural plans remained unchanged 
after F2F evaluation in 87% of 87 patients seen by in-
terventional spine specialists through VCs, consistent 
with our 87% unchanged diagnosis rate. A similar 
study published in 2022 unveiled that the diagnosis was 
unchanged in 91% of 65 patients with spinal problems 
who had a VC appointment and a subsequent F2F 
visit, and the surgical plan was unchanged in 80% of 
the patients [21]. Notably, these studies did not include 
a comparison with a F2F group, preventing the as-
sessment of the significance of this accuracy. Another 
recent study, which compared the initial surgical plans 
made by spinal surgeons in F2F clinics and virtually, 
did not find a significant difference in the accuracy of 
surgical plans [22]. Although the present study did not 
specifically focus on surgical plans, diagnostic accuracy 
is closely related to it, and the existing focus on surgi-
cal plans demonstrates the relevance of our distinct 
research focus.

With regard to the reliability of physical examination 
findings determined at VCs, in 2021, Jansen et al. [23] 
reported on virtual spinal examinations performed on 
43 patients who subsequently underwent F2F exami-
nations for comparison of findings. They found that 
virtual ROM assessments had “good” agreement with 
F2F examinations, which corresponds to our findings 
that 100% of the findings in virtual ROM assessments 
were unchanged when examined in person. In contrast 
to our findings, they found only “moderate” agreement 
in the SLR test results but “good” to “very good” agree-
ment in the neurophysiological component, which in-
cluded power. They did not perform the FNST. The lack 
of established guidelines for virtual spinal examinations 
when this study was conducted may account for the 
discrepancies in our results.

In this study, only the motor deficit assessment dem-
onstrated a significant difference between the VC and 
F2F groups. Motor deficits were examined by a double 
leg squat, which may be a more difficult exercise than 
performing isolated movements against the exam-
iner’s resistance in a standard neurological examina-
tion, potentially leading to false-positive findings. This 
was not the case for methods by Jansen et al. [23] of 
assessing power. Although motor deficits were overi-
dentified in our initial VC, all erroneous findings were 
false-positives. This reassurance indicates that no mo-
tor deficits and therefore no serious pathologies were 
missed during the initial VCs. Furthermore, none of 

the five patients with a false-positive motor deficits in 
the initial VC had a significant change in diagnosis at 
subsequent F2F evaluations. However, two patients 
had minor changes in radiculopathy levels, i.e., from 
S1 to L5 and from L5 to both L4 and L5. This weakness 
is not significant enough to deter offering initial VCs 
for LBP assessment. However, the field would benefit 
from establishing more reliable methods for assessing 
power during VCs. All other examination components 
were not significantly different between VC and F2F 
examinations, and this limitation of VCs did not affect 
the most important outcome assessed in this study: the 
accuracy of the initial diagnosis made during VCs. An 
international survey in May 2020 found that 38.6% of 
spine surgeons identified the ability to perform physi-
cal examinations as a major obstacle to telemedicine 
[24]. This rate is reassuringly quite low and hopefully 
will be even lower now with more experience and 
guidance, such as this study. However, considering the 
modality of service provision, not only the accuracy of 
the examination or diagnosis is important but also the 
logistical challenges surrounding VCs, such as internet 
access, patients’ digital literacy, confidence, access to 
a device with a camera in a suitable room to complete 
the examination, and patient preference [25,26]. F2F 
should always be an option if the patient wishes. Pa-
tients with comorbidities, such as those who are deaf or 
blind or have learning disabilities, are also considered. 
During the pandemic, visual aids, diagrams, and bro-
chures could be used to aid patients’ understanding of 
what is being asked of them in a spinal examination [3]. 
However, if a patient requires this much additional as-
sistance, it is often easier to examine them in person.

Regarding our secondary objective, each VC saved 
3.23 kg of carbon dioxide (CO2) based on an average 
patient home-to-hospital distance of 14.6 miles, and 
data from the Department of Transport indicating that, 
on average, a car in the United Kingdom emits 221.4 g 
of CO2 per mile [27]. Although this is specific to loca-
tion and context, it aligns with the finding of a system-
atic review that a VC can save between 0.70 and 372 kg 
of CO2 [28]. The lower bound for the carbon footprint 
of a 1-hour Zoom call is 150 g of CO2, which is neg-
ligible compared with the amount saved [29]. Thus, a 
widespread move to using video platforms could help 
significantly reduce greenhouse gas emissions, as has 
been acknowledged in the literature [30]. Moreover, 
whether through private or public transportation, the 
average distance of 14.1 miles from the hospital neces-
sitates commuting time and associated costs, along with 
potential parking charges. This becomes more signifi-
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cant for patients with multiple appointments, increas-
ing both time and financial burdens.

Some limitations of this study should be considered. 
As a single-surgeon series, the results are less generaliz-
able; nonetheless, intraobserver variability is reduced by 
having the same clinician perform all the examinations. 
In the VC group, certain examination components were 
not always completed due to patients’ difficulties in fol-
lowing the assessments, meaning sample sizes for these 
components were reduced. Our comparative results 
only included those who had completed each test. With 
a 100% completion rate of the examinations in the F2F 
group, this presents a limitation of telemedicine itself. 
In addition, despite being a fairly routine test in F2F 
assessments, deep tendon reflexes were not examined 
virtually because we felt it may be challenging for pa-
tients to self-elicit reflexes as suggested in the TME. The 
lack of a suitable method to assess reflexes also demon-
strates a limitation of VCs. 

Conclusions

This study contributes to the growing body of evidence 
supporting the feasibility of virtual spinal consultations. 
The findings provide reassurance to patients and spinal 
surgeons undertaking VCs by demonstrating the ac-
curacy of VCs for initial assessment and diagnosis. The 
benefits of VCs, such as time saving, convenience, cost 
reduction, and lower carbon footprint, are not neces-
sarily compromised by an inferior evaluation. Although 
VCs present a safe and viable alternative to F2F as-
sessments for LBP in the outpatient setting, it is not an 
entirely equivalent examination. Not all patients in the 
VC group had completed every aspect of the physical 
examination, and deep tendon reflexes were not tested. 
Moreover, there were false-positive cases in the motor 
deficit assessments. Therefore, more studies are neces-
sary to explore the effectiveness and accuracy of VCs 
of lower limb power, and caution is advised when inte-
grating VCs into clinical practice.

•No significant difference was found in the diag-
nostic accuracy of virtual consultations for the 
initial assessment of low back pain compared with 
that of face-to-face consultations.
•Although the telemedicine musculoskeletal exam-

ination protocol by the Mayo Clinic may produce 
some false-positive motor deficits, it is a valid 
guide for performing spinal examinations.
•To virtually perform the femoral nerve stretch 

test, patients must stand with a balance aid, bend 
their knees to 90°, and then extend their hips. An-
terior thigh pain is a positive finding. Compared 
with the conventional in-person method, the pro-
posed virtual method did not show a significant 
difference in accuracy. 
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