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m SPINE
The type of cervical disc herniation on MRI
does not correlate to clinical outcomes

Aims

The aim of this study was to investigate whether the type of cervical disc herniation
influences the severity of symptoms at the time of presentation, and the outcome after
surgical treatment.

Methods

The type and extent of disc herniation at the time of presentation in 108 patients who
underwent anterior discectomy for cervical radiculopathy were analyzed on MRI, using
a four-point scale. These were dichotomized into disc bulge and disc herniation groups.
Clinical outcomes were evaluated using the Neck Disability Index (NDI), 36-ltem Short
Form Survey (SF-36), and a visual analogue scale (VAS) for pain in the neck and arm at
baseline and two years postoperatively. The perceived recovery was also assessed at
this time.

Results

At baseline, 46 patients had a disc bulge and 62 had a herniation. There was no significant
difference in the mean NDI and SF-36 between the two groups at baseline. Those in the
disc bulge group had a mean NDI of 44.6 (SD 15.2) compared with 43.8 (SD 16.0) in the
herniation group (p = 0.799), and a mean SF-36 of 59.2 (SD 6.9) compared with 59.4 (SD 7.7)
(p = 0.895). Likewise, there was no significant difference in the incidence of disabling arm
pain in the disc bulge and herniation groups (84% vs 73%; p = 0.163), and no significant
difference in the incidence of disabling neck pain in the two groups (70.5% (n = 31) vs 63%
(n =39); p = 0.491). At two years after surgery, no significant difference was found in any of

the clinical parameters between the two groups.

Conclusion

In patients with cervical radiculopathy, the type and extent of disc herniation measured on
MRI prior to surgery correlated neither to the severity of the symptoms at presentation,
nor to clinical outcomes at two years postoperatively.

Cite this article: Bone Joint J 2022;104-B(11):1242-1248.

Introduction
Cervical radiculopathy is a neurological disorder
caused by compression and/or irritation of a
cervical nerve root as it leaves the spinal cord,
with an incidence of 1.79 per 1,000 person-years
between 2000 and 2009 in the USA military.! It is
characterized by pain in the arm in the distribution
of the affected nerve root(s),> and is frequently
associated with neck pain.> A common cause of
cervical radiculopathy is a bulging or herniated
disc compressing the corresponding nerve root.*
The diagnosis of cervical radiculopathy may
be based on a thorough history and physical

examination. Imaging of the cervical spine may
reveal compression of a nerve root, for instance
by a herniated disc. MRI, which is considered the
procedure of choice in patients in whom cervical
disc herniation is suspected, is widely used in the
diagnosis and planning of treatment. MRI can
provide a noninvasive morphological evaluation
of the cervical spine and the discs, and reveal
evidence of degenerative changes. The size and
contour of disc herniations can be identified and
measured, as can the size and proportions of the
spinal canal,® possibly elucidating the aetiology
of the clinically diagnosed cervical radiculopathy.
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Table I. Patient demographic details.
Variable Bulge Herniation p-value
Total, n 46 62
Mean age, yrs (SD) 47.1 (8.4) 46.4 (7.8) 0.685%
Mean BMI, kg/m? (SD) 26.9 (4.1) 26.6 (4.3) 0.714*
Male, n (%) 16 (34.8) 35 (56.5) 0.0261
Smoker, n (%) 17 (38.6) 27 (43.5) 0.613t
Mean duration of symptoms, wks (SD) 49.4 (69.0) 45.1 (76.3) 0.761%
Herniated level, n (%) 0.431t
C5-C6 25 (54.3) 31 (50)
C6-C7 20 (43.5) 31 (50)
C7-Th1 1(2.2) 0
Disabling neck pain, n (%) 31(70.5) 39 (62.9) 0.4911
Disabling arm pain, n (%) 37 (84.1) 45 (72.6) 0.163t

*Independent-samples t-test.
TChi-squared test.
SD, standard deviation.

However, bulging discs and/or degenerative changes on MRI
are more frequently an incidental finding.*” In 2015, Nakashima
et al® reported that nearly 90% of asymptomatic subjects had
disc bulging, defined as posterior protrusion of the disc by >
1 mm. Therefore, establishing the relationship between the size
and shape of cervical disc herniation and symptoms is essential
in order to understand the role of MRI findings in the diagnosis
and treatment of this condition.

The aim of this study was to investigate the relationship
between the type of cervical disc herniation and symptoms, and
the response to surgical treatment.

Methods

The NEtherlands Cervical Kinetics trial (NECK trial; NTR1289)
is a prospective, randomized, double-blind multicentre trial,
aiming to compare patients with cervical radiculopathy caused
by a single-level disc herniation between three groups, those
treated by: anterior cervical discectomy with arthroplasty
(ACDA; activC; Aesculap), with cervical fusion (ACDF; Cage
standalone), and without fusion (ACD).

The inclusion criteria were: patients aged between 18 and
65 years, with radicular signs and symptoms in one or both arms
(i.e. pain, paraesthesia, or partial paralysis in the distribution of
a specific nerve root), who have received more than eight weeks
of conservative treatment (i.e. physiotherapy, pain medication),
with radiological evidence of cervical disc herniation with or
without osteophyte formation at one level (between C3 to T1)
as indicated by the clinical signs and symptoms, the ability and
willingness to comply with requirements of the trial, and with
written informed consent from the patient or their legally autho-
rized representative.’

Exclusion criteria were: patients who had undergone
previous surgery on the cervical spine (either anterior or poste-
rior); those with no active motion of the target level on dynamic
studies; those with increased anteroposterior translation of the
target level by > 3 mm on dynamic studies; those with a fused
or very narrow disc levels (central < 3 mm); severe segmental
kyphosis of the involved disc level by > 3°; those with neck
pain without radicular symptoms; evidence of myelopathy;
infection; metabolic and bone diseases (such as osteoporosis
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and severe osteopenia); trauma or neoplasia of the cervical
spine; a spinal anomaly (such as Klippel Feil syndrome,'® anky-
losing spondylitis,'' or ossification of the posterior longitudinal
ligament);'? evidence of a psychiatric disorder; those who did
not speak Dutch; or those who planned to leave the country in
the year after inclusion.’

A randomized design with variable block sizes was used,

with allocations stratified according to the institution in which
treatment was undertaken. The study had ethical approval,
including approval for randomization after the induction of
anaesthesia. All patients gave informed consent. The design
of the study and protocol have been previously reported.” The
clinical outcomes between ACD, ACDF, and ACDA have also
been reported previously. '
Patients. In the NECK trial, 111 patients were recruited and
randomized into ACDA (35 patients), ACDF (38 patients), or
ACD (38 patients). At the time of enrolment, MRI data were
obtained from 108 patients. The initial characteristics of the
patients are shown in Table 1. Their mean age was 46.8 years
(standard deviation (SD) 7.9; 27 to 70). There was no signif-
icant difference between the groups except for sex, with more
female patients in the disc bulge group than in the disc hernia-
tion group (p = 0.026, chi-squared test).

The Neck Disability Index (NDI) is a patient-completed,
condition-specific functional status questionnaire with ten
items, including questions about pain, personal care, lifting,
reading, headaches, concentration, work, driving, sleeping, and
recreation.’>™" It is a modification of the Oswestry Low Back
Pain Index,'® and has been shown to be reliable and valid for
patients with cervical spinal pathology." Each item is scored
from 0 (no pain) to 5 (worst imaginable pain), and the total
score ranges from 0 (best) to 50 (worst). Subsequently, the
50-point score is converted to a percentage (50 points = 100%,
with 0% meaning no limitations of activity and 100% meaning
complete limitation).

The 36-Item Short Form Survey questionnaire (SF-36) is a
well-researched, coherent, and easily administered measure-
ment of the quality of life.”*? The questionnaire includes 36
items which cover the physical and social status of the patient
divided into eight domains. The questions are scored on a scale
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Table IlI. Clinical outcomes at baseline, one-year, and two-year follow-up.

X.YANG, M. P. ARTS, R. H. M. A. BARTELS, C. L. A. VLEGGEERT-LANKAMP

Outcome Baseline 1-yr follow-up 2-yr follow-up
Mean NDI (SD)

ACDA 47 (17) 18 (18) 20 (22)
ACDF 41 (13) 18 (17) 19 (18)
ACD 45 (16) 21 (16) 19 (15)
p-value 0.294* 0.711* 0.929*
Mean VAS arm pain (SD)

ACDA 60 (24) 16 (19) 17 (30)
ACDF 57 (20) 18 (26) 15 (23)
ACD 64 (22) 24 (31) 18 (25)
p-value 0.331* 0.442% 0.880*
Mean VAS neck pain (SD)

ACDA 50 (27) 17 (19) 23 (32)
ACDF 53 (26) 29 (28) 23 (27)
ACD 56 (31) 24 (27) 21 (23)
p-value 0.586* 0.140* 0.934*
Mean PCS (SD)

ACDA 41 (14) 70 (21) 72 (27)
ACDF 45 (15) 72 (24) 76 (23)
ACD 41 (14) 70 (24) 68 (24)
p-value 0.745% 0.529* 0.622*
Mean MCS (SD)

ACDA 55 (25) 76 (20) 74 (25)
ACDF 62 (22) 77 (23) 82 (19)
ACD 58 (21) 76 (21) 71 (23)
p-value 0.689* 0.643* 0.554*
Global health Likert, %

ACDA N/A 62 66
ACDF N/A 77 68

ACD N/A 53 63
p-value N/A 0.125t 0.907t
Arm pain Likert, %

ACDA N/A 68 66
ACDF N/A 77 74
ACD N/A 59 69
p-value N/A 0.298t 0.7811

*Independent-samples t-test.
tChi-squared test.

ACD, anterior cervical discectomy; ACDA, anterior cervical discectomy with arthroplasty; ACDF, anterior cervical discectomy with fusion; MCS,
36-Item Short Form Survey mental component summary; N/A, not applicable; NDI, Neck Disability Index; PCS, 36-ltem Short Form Survey physical

component summary; SD, standard deviation; VAS, visual analogue scale.

of 0 (worst health) to 100 (ideal health). This questionnaire is
widely used and has been validated for use in spinal surgery.?>?
The physical component summary (PCS) and mental compo-
nent summary (MCS) are derived from the SF-36 as summary
scores for the Physical and Mental Quality of Life sections,
respectively, which range from 0 to 100 with higher scores
representing better self-reported health.

A visual analogue scale (VAS) for pain was used to assess the
severity of pain during the week prior to the visit to the research
nurse, with 0 being no pain and 100 being the worst pain imag-
inable. Patients scored the pain at the time of the visit to hospital
and were not shown previous results. The reliability, validity,
and responsiveness of the VAS for pain have been reported.”
Disabling pain in the neck and arm were defined as a VAS >
40, as this cut-off value is regularly used when a VAS is catego-
rized into a favourable or unfavourable outcome.??’

Follow us @BoneJoint]

Finally, patients were asked to judge their postoperative
recovery (“perceived recovery”) on a scale from “complete
recovery” to “worse than ever” using a seven-point Likert
scale. This has been used in previous evaluations of the treat-
ment of spinal disorders and is regarded as valid and respon-
sive to change.”® “Complete recovery” and “almost complete
recovery” are defined as a favourable result, which was used to
dichotomize the data. An improvement in clinical outcome was
defined as a positive difference between the findings at baseline
and two years after surgery.

As previously reported, the clinical outcomes were compa-
rable between the three surgical groups (Table IT)."* There was
no significant difference in the proportion of patients with a disc
bulge and disc herniation between the three groups (Table III).

MRIs were completed at each participating centre according
to a standardized protocol tailored to a 1.5 or 3 Tesla scanner

THE BONE & JOINT JOURNAL



THE TYPE OF CERVICAL DISC HERNIATION ON MRI DOES NOT CORRELATE TO CLINICAL OUTCOMES 1245
Table lll. The proportion of patients with disc bulge and disc herniation in the three groups.
Variable ACDA ACDF ACD p-value
Disc bulge, n (%) 10 (21.7) 19 (41.3) 17 (37.0) 0.134*
Disc herniation, n (%) 24 (38.7) 17 (27.4) 21(33.9)
*Chi-squared test.
ACD, anterior cervical discectomy; ACDA, anterior cervical discectomy with arthroplasty; ACDF, anterior cervical discectomy with fusion.
Table IV. Clinical outcomes at baseline, one-year, and two-year follow-up in the disc bulge and herniation groups.
Outcome Baseline 1 yr follow-up 2 yr follow-up

Bulge Herniation p-value Bulge Herniation p-value Bulge Herniation p-value

Mean NDI (SD) 44.6 (15.2) 43.8 (16.0) 0.799* 20.0(16.6) 18.9 (17.4) 0.840* 19.1 (16.4) 18.5 (19.6) 0.861*
Mean SF-36 (SD) 59.2 (6.9) 59.4 (7.7) 0.895* 69.3(7.2) 68.8 (9.9) 0.760* 69.9 (9.0) 71.2(9.9) 0.495*
Mean PCS (SD) 41.7 (13.5) 42.8 (15.1) 0.690* 71.8 (22.1) 70.7 (22.3) 0.823* 75.0 (20.8) 71.1(25.8) 0.446*
Mean MCS (SD) 61.5(21.9) 55.5 (23.2) 0.185% 77.7 (18.3) 75.2 (22.3) 0.553* 78.9 (17.1) 73.9(25.7) 0.296*
Mean VAS neck pain (SD)  55.5 (24.7) 48.1(27.7) 0.161* 24.0 (25.0) 20.7 (24.5) 0.520* 24.8 (27.3) 19.2 (26.8) 0.322*
Mean VAS arm pain (SD) 63.6 (20.6) 57.9 (23.0) 0.193* 14.8 (22.8) 21.8(26.7) 0.168* 16.1 (24.3) 15.9 (6.2) 0.968*
Disabling neck pain, n (%) 31 (70.5) 39 (62.9) 0.4911 9(22.0) 11 (19.0) 0.7161 9(22.0) 11(20.8) 0.8881
Disabling arm pain, n (%) 37 (84.1) 45 (72.6) 0.1631 6(14.6) 15 (25.9) 0.1781 7(17.1) 8(15.1) 0.7951
Likert recovery, n (%) N/A N/A N/A 26 (63.4) 38 (65.5) 0.8291 24 (58.5) 38(70.4) 0.2301
*Independent-samples t-test.
TChi-squared test.
MCS, 36-Item Short Form Survey mental component summary; N/A, not applicable; NDI, Neck Disability Index; PCS, 36-ltem Short Form Survey
physical component summary; SD, standard deviation; VAS, visual analogue scale.
Table V. The improvement of clinical outcomes at two-year follow-up.
Outcome Bulge Herniation p-value*
Mean NDI (SD) 28.0 (15.4) 27.0 (14.3) 0.766
Mean SF-36 (SD) 11.1 (6.0) 15.4 (10.1) 0.144
Mean PCS (SD) 37.1(16.1) 35.0 (17.4) 0.608
Mean MCS (SD) 16.6 (21.9) 19.2 (23.9) 0.613
Mean VAS neck pain (SD) 39.8 (24.4) 34.9 (23.1) 0.368
Mean VAS arm pain (SD) 54.8 (22.8) 47.7 (23.9) 0.169

*Independent-samples t-test.

MCS, 36-Item Short Form Survey mental component summary; NDI, Neck Disability Index; PCS, 36-Item Short Form Survey physical component

summary; SD, standard deviation; VAS, visual analogue scale.

at baseline. Standard sagittal T1 and T2, and T2 axial images
were obtained, using 3 mm contiguous slices in all directions
and an in-plane resolution of 1 mm? or less. The type of disc
herniation was evaluated at the operative level on both the left
and right side, using a four-point scale: normal (completely
normal); mild (slight bulging of the herniated disc); moderate
(protrusion/extrusion < one-quarter of the foraminal canal);
or severe (protrusion/extrusion > one-quarter of the foram-
inal canal) (Figure 1). The data were dichotomized into the
disc bulge group for patients whose discs were normal or with
mild herniation, and disc herniation for those with moderate or
severe herniation. The MRIs were evaluated by neurosurgeons
in the participating hospitals and independently confirmed
by a senior neurosurgeon (CLAVL). If deemed necessary,
a third reviewer (RHMAB, a professor of neurosurgery)
was consulted.

Of the 108 patients, the discs were classified as normal in
four, and the herniations as mild in 42, moderate in 59, and
severe in three. Thus, 46 patients (43%) were included in the
disc bulge group and 62 (57%) in the herniation group.
Statistical analysis. All data are presented as mean and SD.
The independent-samples #-test was used to compare continuous

VOL. 104-B, No. 11, NOVEMBER 2022

data and chi-squared test for categorical data between groups.
Differences between groups at all timepoints were analyzed us-
ing repeated measurement adjustment. Tests were two-tailed,
and a p-value < 0.05 was considered significant. SPSS v. 25.0
was used in this study for all analyses (IBM, USA).

Results

At baseline, the disc bulge group had statistically comparable
mean NDI (44.6 (SD 15.2) vs 43.8 (SD 16.0); p = 0.799,
independent-samples #-test) and SF-36 (59.2 (SD 6.9) vs
59.4 (SD 7.7); p = 0.895, independent-samples ¢-test) values
compared with the herniation group. In the disc bulge group,
37 patients (84.1%) had disabling pain in the arm, statisti-
cally similar to the 45 patients (72.6%) with disabling pain in
the arm in the herniation group (p = 0.163, chi-squared test).
The proportion of patients with disabling neck pain was also
comparable (70.5% (n = 31) vs 62.9% (n = 39); p = 0.491,
chi-squared test).

At two-year follow-up, patients in the disc bulge group
reported statistically comparable NDIs (Figure 2; p =
0.091, repeated measurement adjustment) and SF-36 scores
(Figure 3; p = 0.427, repeated measurement adjustment)
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Fig. 1

Classification of cervical disc herniation. a) Normal, b) mild, c) moderate, and d) severe.
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Neck Disability Index results.

compared with those in the herniation group. Overall, seven
patients (17.1%) in the disc bulge group reported disabling
pain in the arm, which is similar to eight patients (15%) in the
herniation group (p = 0.795, chi-squared test). A statistically
similar proportion of patients in both groups (22% vs 21%; p
= 0.888, chi-squared test) also had disabling neck pain. Addi-
tionally, 24 patients (59%) in the disc bulge group reported
a favourable outcome which was statistically similar to 38
patients (70%) in the herniation group (p = 0.230, chi-squared
test) (Table IV).

There was no significant difference in the improvement in the
clinical outcomes between the two groups (Table V).

Discussion

In this study of patients with cervical radiculopathy due to

disc herniation who underwent anterior cervical discectomy,

the type of disc herniation recorded on MRI did not correlate

to clinical outcomes at baseline or at two years after surgery.
MRI is indicated in patients with cervical radiculopathy

who have persistent or progressive neurological symptoms

Follow us @BoneJoint]
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36-Item Short Form Survey questionnaire (SF-36) results.

despite routine conservative treatment,”* or if malig-
nancy is suspected. It is deemed not to be helpful in most
patients with cervical radiculopathy due to the high rates of
false-negative and false-positive MRI findings. Teresi et al*
reported that 57% (24/42) of patients aged > 64 years have
evidence of disc herniation without symptoms. Nakashima
et al® found that 88% of 1,211 asymptomatic volunteers
had significant disc bulging, being defined as protrusion
> 1 mm. However, the presence of disc extrusion is asso-
ciated with symptoms, as reported by Beattie et al.® In
contrast to these studies, we explored the relationship
between the amount of disc herniation and symptoms and the
response to surgery, in patients with symptomatic cervical
radiculopathy.

Between about 80% and 88% of patients with this condition
will improve with four weeks of conservative treatment.’*
If severe symptoms persist, spinal surgery may be considered
and the outcome could be anticipated if it correlated to the
extent of the herniation. Our results, however, did not confirm
this. Thus, not only is the presence of disc herniation on MRI

THE BONE & JOINT JOURNAL
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not specific for cervical radiculopathy, the type of herniation
does not determine the severity of the symptoms.

In a recent systematic review, Hill et al*’ failed to draw
a definitive conclusion about the relationship between the
appearance of the cervical spine on MRI and the develop-
ment of neck pain in the future due to the limited number
of patients and their heterogeneity in the studies dealing
with this issue. Moreover, none of the studies considered the
outcomes of surgical treatment. In the present study, we were
unable to show that the type of disc herniation predicted the
outcome. However, we were able to show that patients with
a disc bulge can have an excellent outcome following ante-
rior cervical discectomy, as also seen in patients with severe
herniation. This finding is clinically significant since patients,
surgeons, and insurers may overlook a diagnosis of degener-
ative cervical radiculopathy and/or the role of surgery in the
treatment of a minor disc bulge as opposed to a large one.

In the lumbar spine, there is also no association between
the size of a disc herniation and outcomes. El Barzouhi et
al’® reported that the MRI at baseline did not distinguish
between patients who did and those who did not undergo
delayed surgery, and the size of disc herniation prior to
surgery did not predict the outcome of lumbar disectomy one
year postoperatively.’* They had previously shown that the
MRI appearances one year after surgery did not distinguish
between those with a favourable outcome and those with an
unfavourable outcome.* In the current study, as one-year
follow-up MRIs were not available, this correlation could not
be investigated.

The study has limitations, one being the sample size. One
may doubt from post hoc analysis that there is an increased
risk of a type II error. However, a power analysis showed that
the power of this study was > 85%. Another limitation is the
variation in the duration of symptoms before surgery between
patients. The time to surgery may have influenced the severity
of symptoms at baseline. Finally, clinical outcomes were only
available for one- and two-year follow-up and similar results
may not have been found at other timepoints.

In conclusion, in patients with cervical radiculopathy, the
type of disc herniation prior to surgery does not correlate to
the severity of the symptoms and does not allow the outcome
at two years after surgical treatment to be predicted.

A Take home message

') - The presence of a disc herniation, compared with the
presence of a simple disc bulge without explicit protrusion

or extrusion of disc materials, did not significantly change

the presenting characteristics of the patients (all had similar severe

symptoms as assessed by Neck Disability Index, 36-ltem Short-Form

Health Survey questionnaire, and disabling arm/neck pain).

- Therefore, disc bulges can produce severe symptoms, especially for

those patients with herniation of the nucleus pulposus.

- Furthermore, these patients with disc bulges can achieve excellent

clinical outcomes following anterior cervical discectomy, which

are equivalent in magnitude to those seen in patients with severe

herniation.
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