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summary This prospective, randomised study compares the efficacy of surgery and conservative
treatments in patients with cervical radiculopathy. The study group comprised 81 pa-
tients with long-lasting cervicaloradiculopathy, with a pain distribution corresponding
to a significant nerve root compression, verified by magnetic resonance imaging or
computed tomographic myelography. The patients were randomly allocated 1o surgery,
physiotherapy or to wearing a cervical collar. The therapeutic effects were evaluated
with respect to pain intensity on a visual analogue scale, pain distribution by pain
drawing, and muscle tenderness by manual palpation. Shoulder and cervical range of
motion was measured. The controls were performed before treatment, and 4 and 12
months after the start of the treatment. Before treatment, the groups were uniform,
Alter treatment, the surgery and physiotherapy groups reported lower pain intensity
and fewer painful areas compared 1o the collar group. The surgery group showed a
reduced tenderness score compared 1o the two conservatively treated groups, and im-
proved shoulder motion compared to the collar group. However, after | year, there
were no significant differences between the treatment groups.
The conclusion is therefore that one treatment is as good as any other of the three
treatments studied although there is some difference in time when the improvement
takes place.

e Kev words: anterior cervical fusion; cervical radiculopathy: cervical collar; physiother-
apy.

introduction The main symptoms of cervical radicular compression are neck-shoulder-
arm pain with paraesthesia and motor deficit corresponding to the involved
nerve roots.' Pain in the neck-shoulder-arm region can also be caused by
referred pain from non-nervous structures such as a discase of spinal facet
Jjoints and soft tissue structures, > Neurogenic and musculoskeletal nocicep-
tive pain often occur combined in patients with cervico-brachialgia.* Muscle
tenderness is also a frequent finding,’ but the connection between cervical
root compression and muscle tenderness has not been investigated, nor have
previous evaluations of interventions included the effect on muscle tender-
ness.
Neck movements are often provocative of pain in patients with cervical
radiculopathy. Stiffness and neck-muscle tension with reduced active neck
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mobility are common clinical findings.* Painful stiffness of the shoulder
joint may be found in chronic cases.® The outcome of intervention in cer-
vicobrachial pain syndromes may be influenced by external factors such as
smoking. There are several studies that show smoking to be a risk factor for
the development of back pain’ and indicate a high prevalence of smokers
among patients with cervical disc disease.*

Several uncontrolled studies have reported good results of surgery in pa-
tients with cervical radiculopathy caused by nerve root compression. Differ-
ent forms of physiotherapy are often applied in acute as well as in chronic
cases of cervical disc disease” and many authors advocate a soft or semi-
rigid collar in an initial period.'"" In previous randomised studies, the effect
of surgery, physiotherapy and the use of a cervical collar has been evaluated
with respect to pain intensity, muscle strength and sensory loss'! and the
patients’ well-being (physical, psychological and social) has been measured
by the Sickness Impact Profile inventory and mood measured by the Mood
Adjective Check List.'* However, no previous study has included evalua-
tion of joint mobility, muscle tenderness, pain description and the impact of
smoking. We therefore considered pain description, muscular tenderness and
neck and shoulder mobility to be adequate parameters for evaluation of the
results of three classical treatments in a randomised series of patients with
cervical radiculopathy.

The aims were:

— 1o compare the efficacy of surgery, physiotherapy and the use of a cervi-
cal collar with respect to the intensity and distribution of pain, muscular
tenderness and shoulder and cervical mobility:

- to compare the cervical mobility of the treatment groups with that of a
healthy control group:

— 1o investigate if there was any relationship between pain intensity and
muscular tenderness, neck mobility, and smoking habits.

Fatients

One hundred and sixteen consecutive patients of both sexes between the age
of 28 and 64 years who had experienced cervicobrachial pain for more than
3 months were referred to the Neurosurgery Department, Lund University
Hospital, Lund, in order to be considered for surgical treatment. They un-
derwent a full neurological examination by a senior neurosurgeon. Plain
X-rays and magnetic resonance tomography (MRT), cervical computed to-
mography (CT) or myelography of the cervical spine were performed. The
clinical examination and the MRT, CT or myelography findings together with
the distribution of pain determined the clinical level of radiculopathy. The
patients were given written information about the study, which had been
approved by the Ethics Committee of Lund University.

The inclusion criteria were clinical and radiological signs that indicated
nerve root compression corresponding to the distribution of pain. Exclusion
criteria were spinal cord compression, insignificant radiological findings of
nerve root compression, whiplash or other traumatic injuries and serious so-
matic or psychiatric diseases. Of the original 116 patients, 6 did not want
to participate in the study. Ten patients showed clinical and radiological
signs indicating spinal cord compression and were excluded and referred
for surgery. Nineteen patients had no or insignificant radiological findings
indicating root compression and were referred for physiotherapy. The re-
maining 81 patients with clinical and radiological findings indicating nerve
root compression corresponding to the distribution of pain constituted the
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study group. The nerve root compression was caused by spondylotic spurs
with or without an additional bulging disc. In the study group, the mean age
was 47.5 years (median 49.0, SD 7.9; range 28-64). Thirty-seven (46%)
were women.

The patients were randomised by the use of sealed envelopes into the three
treatment groups: surgery (n = 27), physiotherapy (n = 27) and cervical
collar (n = 27).

Control group

A control group comprising 30 healthy individuals (13 women and 17 men)
was used for comparison of the cervical range of motion. The controls were
recruited from the hospital staff and matched for sex and age. None of the
subjects had a history of neck pain or major injury affecting the neck or
upper limbs. The control group was tested on two occasions with an interval
of 7—14 days in order to test the intra-reliability of the measurements.

A clinical examination was performed according to a fixed protocol by an
experienced physiotherapist before treatment (Control 1) and repeated at the
same time of day 12-16 weeks after the surgery or commencement of the
conservative treatments (Control 2). A follow-up was made after a further
12 months (Control 3). The physiotherapist performed all examinations but
did not take part in the physiotherapy.

The study was carried out in accordance with the ‘intention to treat’
principle.'* Three patients randomised to the surgical group rejected surgery
because of spontaneous improvement by the time of operation, but the allo-
cation to the surgical group was retained. In the physiotherapy and cer-
vical collar groups, all patients carried out the allocated treatment. No
other treatments were given between the first two controls. After a fur-
ther 12 months (Control 3), some patients had received other treatments
than that determined by the randomisation. The following cross-over had
taken place between Control 2 and Control 3: in the surgery group, 11 pa-
tients received physiotherapy (eight patients underwent reoperation at the
same or at an adjacent level). In the physiotherapy group, one patient
used a cervical collar and one patient was operated upon. In the col-
lar group, 12 patients received physiotherapy and 5 patients were operated
upon.

Drop-outs

At Control 3, one patient in the surgery group had moved and one patient
in the collar group did not keep the appointment because she had recovered
completely.

The history, distribution and quality of pain

Social and demographic data of the patients in the groups were recorded by
means of a comprehensive case history and a questionnaire (Table 1). The
questionnaire included questions about the onset, duration, location and qual-
ity of pain as well as alleviative and provocative factors. In a pain-drawing,
the patients indicated the areas of pain and other sensations. The quality
of pain was described by different symbols which could be selected from a
fixed set of symbols describing different pain types, such as aching, burn-
ing or cutting and other sensations such as numbness, tingling and cramps.
Several symbols could be chosen. Instructions were: Draw your pain on
the figure: include all areas where you feel pain or other sensations; use
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Table 1.
Characteristics of the patients and controls

Surgery Physiotherapy ~ Cervical collar  Healthy controls
(n=27) (n=27) (n=127) (n=30)
Male (%) 16 (59) 11 (41) 17 (63) 18 (60)
Females (%) 11 ¢41) 16 (59) 10 (37) 12 (40)
Height (cm) 173+ 10 171 £ 19 172+£7 17549
Weight (kg) T4+ 13 75+ 15 76+ 12 a1
Age (years) al examination
Mean (median) 45 (47) 48 (48) 49 (50) 46 (46)
sD + RS + §.1 I R.S +9.7
Range 28-58 3l-61 I8-64 28-64
Dominant side
Right hand 24 (89%) 27 (100%) 24 (89%) 28 (93%)
Left hand 3(11%) 0 (0%) 3(11%) 2 (T%)
Pain duration (months)
Mean (median) M5 40 (31) 28 (21)
SD +348 3725 +24.3
Range 5-120 6-120 8-120
Months of sick-leave n=23) (n=18) (n=21)
Mean (median) 13 (10) 15 (13) 1349
SD +9.6 +10.3 &+ 430
Range 3-45 640 1-50
Alffected side (Control 1)
Right side 12 (44%) 15 (56%) 14 (49%)
Left side 15 (56%) 12 (44%) 13 (51%)
Earlier treatment
Physiotherapy 26 (96%) 22 (R1%) 21 (77%)
Cervical collar 11 (41%) 13 (54%) 10 (37%)
Alfected level”
C3-C4 I (4%) 0 0
C4-C5 2 (T%) 4 (15%) 2 (7%)
C5-Co 13 (48%) 12 (44%) 15 (56%)
C6-C7 10 (37%) 10 (37%) 10 (37%)
C7-THI I (4%) 1 (4%) 0

“The most affected level hased on MRI journals.

the symbols to indicate the types of pain or other sensations, Al the ex-
amination, the patients were asked to explain the pain-drawing. The pain-
drawings were analysed for pain distribution and characteristics according
to a technique described by Persson and Moritz."* Improvements or impair-
ments of the pain-distribution were calculated in each patient at Controls 1,
2 and 3.

Pain intensity

Pain intensity in the neck-shoulder-arm region was assessed on a Visual
Analogue Scale (VAS). Current pain and the worst pain the previous week
were filled in on two different scales. Two assessments were performed to
get a baseline of pain intensity at each control. The VAS forms were sent to
the patients together with the appointment for the clinical examination. The
patients were asked to fill in the form and to bring it to the appointment. The
pain intensity assessment was repeated at the appointment 812 days after
the patients had received the first forms by mail. The mean of the current
pain intensity and the mean of the worst pain last week on the two occasions
were used for statistics.
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Muscular tenderness

For grading tender points, nine selected muscles were palpated on each side
according to Travell and Simons trigger point manual.' The muscles were
chosen because they corresponded to the location of the cervicobrachial
pain and were easy to find. The muscles chosen and sites for palpation
are:

— m trapezius upper portion 2 cm caudal of the external occipital protuber-
ance;
m trapezius medial portion at the C7 level, 10 ¢m from the spinal process:
m levator scapulae at the insertion at the superior angle of the scapulae;
— m supraspinatus at the middle of the supraspinous fossa of the scapula;
~ m romboideus medial of the vertebral border of the scapula, at the TS level;
— m deltoideus, at the posterior part of the deltoid muscles of the humerus;
~ m biceps brachii at the distal part of the long head:
— m triceps brachii at the middle of the lateral portion of the long head:;
— m exlensor carpi radialis longus 1 cm distalt to the origin at the lateral
epicondyl.
The degree of tenderness at the palpated sites was assessed according to a
four-point scale (16) as follows:
0 = No report of pain and no visible reaction.
= Report of light tenderness but no visible reaction.
= Report of painful tenderness and visible reaction.

W -

= Report of severe pain and marked visible reaction, ‘jump sign’.'?

The patients were placed in a relaxed sitting position. Each muscle site
was systematically examined, always in the same order. The palpation was
done with the second and third fingers with small, circulating. mildly press-
ing movements. A total tenderness score was calculated for cach patient
by adding the score from all palpated muscles from both sides. Thus the
maximum total score for each patient was 2 x 9 x 3 = 54,

Cervical mobility

The active range of cervical motion was measured with an inclinometer
(Myrin, LIC, Solna, Sweden)'” in accordance with the recommended proce-
dures of the American Academy of Orthopedic Surgeons.'® All movements
were measured with the subjects seated in a chair with a back support and
with the shoulders stabilised to make sure that pure movement of the head
took place. The subjects were instructed to rotate their heads actively as
far as they could to the right and left in a neutral position, and to flex, ex-
tend and bend maximally to the right and left side. Each movement was
measured twice and the best value was used for statistics. Each movement
as well as the total active range of motion were recorded. The total range
of motion was expressed as the sum of the range of motion in the sagit-
tal plane (flexion/extension), in the horizontal plane (rotation to the right
and to the left) and in the frontal plane (flexion to the right and to the
left).

Shoulder mobility

The active mobility was measured with a goniometer (Medema, Medema
Physio AB, Karlsbodav. 13-15, 161 11 Bromma, Sweden) in a standardised
protocol according to the American Academy of Orthopedic Surgeons'® and
included arm elevation, abduction and outward rotation.
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Smoking habits

Previous and current smoking habits were recorded. Patients who had stopped
smoking more than | year prior to the start of the study were recorded
as former smokers. The number of years of smoking and the number of
cigarettes consumed was recorded. The patients were divided into groups of
non smokers, light smokers (1-5 cigarettes/day), moderate smokers (615
cigarettes/day) and heavy smokers (> 15 cigarettes/day).

Surgery

The surgery was performed by eight neurosurgeons according to the anterior
cervical discectomy technique described by Cloward." The fragments of the
protruded disc and the osteophytes were removed and a bone graft from
purified bovine bone (Unilab Surgibone. Mississauga, Ontario, Canada) was
used for fusion. One of the patients underwent laminectomy by a posterior
approach technique. The patients were mobilised on the first postoperative
day. A cervical collar was sometimes used postoperatively for 1-2 days. No
physiotherapeutic treatment was given between Controls 1 and 2.

Physical therapy

The physical therapy was provided by physiotherapists working in the pa-
tients' geographical neighbourhood. They all had documented experience
with neck-shoulder-arm pain patients. The treatments were given on 15 oc-
casions, each of 30-45 minutes duration, during a 3-month period. The
type of therapy was decided by the physiotherapist according to the patient’s
symptoms and individual preferences and included mobilisation and flexi-
bility exercises, cervical traction, ergonomics education, isometric strength-
ening exercises for the neck, heat, electrical stimulation ete. Information
about clinical, X-ray and MRI findings was given to the treating physio-
therapists by phone or letter. Treatment procedures were recorded and the
records returned to the Department of Neurosurgery. The aim of the treat-
ment was Lo relieve pain, to reduce muscle tension and the load on the
neck, to increase strength and endurance and to restore a normal range of
motion and function. Chiropractic manipulation or acupuncture was not
used.

Cervical collar

In the cervical collar group, several different collars were used. Rigid
collars were always shoulder resting and intended to be used during the
daytime only (Lundakrage, LIC, University Hospital Lund, 221 85 Lund,
Sweden; Miami J collar, Jerome Medical, 102 Gaither Drive, Mount Lau-
rel, New Jersey, USA; Necky, Rehband Anatomiska AB, Box 7044, 191
07 Sollentuna, Sweden; Ortho-collar, Teufel, Box 104862, Stuttgart 10,
700042 Germany: Philadelphia collar, Camp Scandinavia AB, Karbingatan
38, 254 68 Helsingborg, Sweden). A soft collar to be used during the
night was supplied if wanted (Adams, Professional products Ltd. Orthope-
dics, The Braccans, London Road, Bracknell, Berkshire RG 12, 2 AP Eng-
land: Camp-19, Camp Scandinavia AB. Karbingatan 38, 254 68 Helsingborg,
Sweden: Necky, Rehband Anatomiska AB, Box 7044, 191 07 Sollentuna,
Sweden). The patients were instructed to wear the collar over a 3-month
period. If they had any difficulties with the collar another type could be
used.



statistical
methods

results

Treatment of cervical radiculopathy 57

All protocols of pain drawing, pain intensity, muscle tenderness and active
neck and shoulder mobility were coded, analysed separately and blinded.
Non-parametric tests were chosen. For between-group comparisons a Krus-
kal—Wallis one-way analysis of variance was used. If the result was signif-
icant, a pairwise comparison with Mann—Whitney's U-test was performed.
For comparison within groups before and after treatment, Wilcoxon's matched-
pairs signed-ranks test was used. Correlation between variables was analysed
with Spearman’s rank correlation coefficients. To test the intra-reliability of
measurements, Persons’ correlation coefficient was used. For all tests, a
difference of P < 0.05 was considered statistically significant.

Pain history

Demographic and pain history data including pain duration, length of sick-
leave and type of sick-leave were equally distributed in the treatments groups
at Control 1. Several of the patients had received treatment with physiother-
apy and/or a cervical collar before the present study (Table I).

A sudden onset of pain was reported by 45 patients while the other 36 pa-
tients had a slow onset. In 28 of the patients, the cause was lifting or
inappropriate movement during heavy work. Ten of the patients woke up
in the morning with neck-shoulder-arm pain, |1 developed radiating pain af-
ter cervical manipulation, | after general anaesthesia with intubation, and
6 could not describe any distinct cause. Of the 45 patients, 19 had had ear-
lier neck pain with full recovery. The pain was more or less constant and
in 35 of the 81 patients not experienced at any specific hour. Provocative
factors for pain were: working, arms over 907, sitting for a long time, the
head unsupported and movements of the head. Extension and rotation of the
neck were the most painful head movements. Alleviating factors for neck
pain were: rest. a neck pillow, heat, gentle neck and shoulder movements,
forward bending of the head, massage and traction of the neck.

Smoking

In the treatment groups the number of smokers was high (65 per cent, as
compared to 10 per cent in the control group). The mean daily consumption
among the smokers in the surgery. physiotherapy and collar groups was 18,
15 and 15 cigarettes respectively.

Pain distribution and pain characteristics

Between-group comparison: all patients had marked pain in the neck-shoul-
der-arm area. Pain in the thoracic area and in the back of the head was
indicated by 33 and 29 patients, respectively. On the pain drawing, among the
symbols used to indicate pain, aching was frequently chosen. Pain symbols
indicating burning and cutting pain had been chosen by 36 and 19 of the
patients, respectively. There was no significant difference between the type
of symbols with regard to intensity of pain according to VAS.

The total number of marked painful areas was similar in the treatment
groups before treatment Control | (Fig. 1). A significantly lower number of
painful areas was seen in the surgery group compared to the collar group at
Control 2 and 3 (at Control 2 P < 0.01 and at Control 3 P < 0.05) and in the
physiotherapy group compared to the collar group at Control 2 (P < 0.01).
No difference was seen between the surgery and the physiotherapy group at
Control 2 or 3 (Fig. 1). When the number of disappeared, added or identical
painful areas was calculated for each patient, similar results were seen, except
that there was no difference between the three groups at Control 3.

Within group comparisons: the number of painful arcas was significantly
reduced at Controls 2 and 3 compared to Control | in the surgery group, and
at Control 2 compared to Control 1 in the physiotherapy group (Fig. 1).
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Number of painful areas

Control2  Control 3

Control 1

B Surgery 7.1 (H+29 53 (5)x4.1 5.0 (4)+4.6
] Physiotherapy 6.7 (6)+3.3 4.9 (5)£3.6 6.0 (6)x4.1
Collar 8.1 (7)+3.5 8.1 (7)x3.8 6.9 (7H+3.d

Figure 1. Mean total number of painful areas in the different treatment groups at Control 1,
Control 2 and Control 3. Below the diagram, the mean, (median) and standard deviation in the
different treatment groups are given (* = £ < (.05, ** = P < 0.01. n.s. = not significant).

Pain intensity

Between-group comparisons: the intensity of pain did not differ between
the treatment groups before treatment (Control 1) (Figs 2a and 2b). At
Control 2, there was a significant improvement in the surgery group compared
to the collar group regarding both ‘current pain’ and ‘worst pain last week’
(P < 0.01). The physiotherapy group reported less ‘current pain’ than the
collar group (P < 0.05). No significant difference was seen between the
surgery and physiotherapy groups. At Control 3 no difference in neither
‘current pain’ or in ‘worst pain last week’ was seen between the groups
(Figs 2a and 2b).

Within groups: all groups had improved when the ‘worst pain last week’
was compared between Controls 1 and 3 (P < 0.01), but the improvements
took place according to a somewhat different time schedule. The surgery
group showed improvements when measured as ‘current pain’ and mean
‘worst pain” last week at Control 2 (P < 0.001) (Figs 2a and 2b) while
there was no difference between Controls 2 and 3. The patients treated with
physiotherapy improved in ‘worst pain last week” at Control 2. In the collar
group, no improvement was seen at Control 2, but between Controls 2 and 3,
significant improvements in both ‘current pain’ and ‘worst pain last week’
took place (P < 0.01) (Figs 2a and 2b).

Muscle tenderness

Before treatment (Control 1) there was no difference in the tenderness score
of patients affected on the right and the left side. The average score of
all patients was 12.5, representing 23 per cent of the maximal total score
(Table II).

Between-group comparison: before treatment (Control 1), there was no
difference between the groups. At Control 2, the surgery group showed
a reduced total tenderness score compared to both the physiotherapy group
(P < 0.05) and the cervical collar group (P < 0.01) (Fig. 3). The tenderness
score in the upper portion of the trapezius, levator scapulae muscles and
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Current pain intensity (VAS) (mm)

Control 1 Control 2 Control 3

B Surgery 47 (55)+26 27 (28)+23 30 (25)%28
0 Physiotherapy 50 (50)+21 41 (37)+26 39 (39)+ 26
Collar 49 (51)x17 48 (54)+23 35 (38)x24

Figure 2a. Mean ‘current pain’ in the different treatment groups at Control 1, Control 2 and Con-
trol 3. Below the diagram, the mean, (median) and standard deviation in the different treatment

groups are given (* = P < (.05, ** = P < 0.01, "™ = P < 0.001, n.s. = not significant).
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Worst pain intensity last week (VAS) (mm)

Control 3

Control 1 Control 2
B Surgery 72 (74)+£21 43 (37)+£36 42 (48)x28
J Physiotherapy 70 (68)£18 51 (26)£29 53 (S1)+29
Collar 68 (T1)£17 64 (65)+22 52 (62)%22

Figure 2b. Mean “worst pain ast week” in the different treatment groups at Control 1, Control 2
and Control 3. Below the diagram, the mean, (median) and standard deviation in the different
treatment groups are given (* = P < 005, " = P < 001, ** = P < 0.001. ns. = not
sigmihcant).

extensor carpi radialis muscles in the surgery group was significantly lower
compared to the collar group and in the levator scapulae muscles compared
to the physiotherapy group. At Control 3 no difference was seen in the total
tenderness score between the three treatment groups (Fig. 3) but the levator
scapulae muscles were still less tender in the surgery group than in the two
conservatively treated groups.
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Table I1.
The value of muscle tenderness on both sides (score (0-6) in the different muscles
of all patients (n = 81) at Control 1 (before treatment)

Mean Median SD Range
M trapezius (upper portion) 2.19 2 1.78 0-6
M trapezius (middle portion) 2.36 2 1.35 0-5
M levator scapulae 2.12 2 1.57 0-5
M supraspinatus 1.21 1 1.36 0-4
M rhomboideus major 1.53 ] 1.98 0-6
M deltoideus 0.92 0 1.43 0-6
M biceps brachii 0.20 0 0.72 0-4
M triceps 0.88 0 1.56 0-6
M extensor carpi rad. 2.00 0 1.81 0-6
Total score 12.45 12 159 0-35

Control 1 Control 2 Control 3

11.7 (10)£7.0 7.1 (4) £8.2 7.7 @) £ 9.2
12.6 (11)x8.6 11.8 (12)+8.3 10.8 (10) = 9.3
13.4 (13)+8.3 12.3 (1) x7.6 12.4 (10)£10.6

Figure 3. Mecan total tendemess score in the different treatment groups at Control 1, Control 2 and Control 3. Below the diagram,
the mean, (median) and standard deviation in the different treatment groups are given (* = P < 0.05, ** = P < 0.01, n.s. = not

significant)

Within groups: after surgery a reduced total tenderness score was seen
at Controls 2 and 3 compared to Control | (P < 0.01, and P < 0.05,
respectively). A significantly lower tenderness score was seen in the upper
portion of the trapezius muscles. the levator scapulae muscles and in the
rhomboid muscles. No significant improvements were seen within the two
conservatively treated groups (Fig. 3).

Neck mobility

In the healthy control group, the intra-reliability of neck mobility measurents

was high (r = 0.61-0.93) on the two test occasions. The patient groups

showed a lower cervical range of motion compared to the controls (Table I1I).
Between-group comparison: at Control 1 there was a significant difference

between the physiotherapy group and the cervical collar group in the total

range of motion (P < 0.05), but no difference between the surgery group
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Table 111
Cervical runge of motion in patients and controls before treatment (Control 1)

Neck mability (degrees)  Patients (n = R1) Controls (n = 30) P value
Mean  Median SD Mean Median SD
Flexion 53 (55) 15 64 (60) 12 <0.01
Extension 41 45) 17 63 (62) 17 <0.001
Lateral flexion right 30 (30 8 37 (35) 7 < (.05
Lateral flexion left 29 (30) 9 as 134) 5 <0.01
Rotation right 51 (55) 17 72 (70 10 < 0.001
Raotation left 54 (55) 14 70 70y 9 < 0.001
Total range of motion 257 (260 63 338 (332) 42 = 0.001
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Control 1 Control 2 Control 3
B Surgery 254 (249)+73 251 (264):61 258 (262)+69
% Physiotherapy 272 (285)+66 276 (285)+58 260 (260) £ 62
Collar 245 (250)+44 237 (245)+47 239 (244)+ 57

Figure 4. Total active cervical range of motion in the different treatment groups at Control 1,
Control 2 and Control 3. Below the diagram, the mean, (median) and standard deviation in the
different treatment groups are given (* = P < 0.05, n.s. = not significant),

and the other two groups (Fig. 4). At Control 2, the same difference was
seen between the physiotherapy and the collar group. At Control 3, there
was no difference between the groups,

Within-group comparison: the physiotherapy group lost in total range of
motion between Controls 2 and 3 and between Controls 1 and 3 (Fig. 4). The
difference was mainly duc to a significant impairment in flexion/extension.
No significant difference was seen in the surgery or the cervical collar
groups.

Shoulder mobility

The affected side had a significantly impaired shoulder mobility compared
to the non-affected side before treatment (e.g. forward elevation P < 0.001,
ratio affected side/non-affected side = 0.89).

Between-group comparison: there was no difference on the affected side
between the three treatment groups before treatment (Control 1) (Fig. 5).
At Control 2 there were no differences between groups, but a minor but
significant improvement in the surgery group compared to the collar group
in total range of shoulder motion in the affected side, especially as regards
forward elevation (P = 0.023). No significant difference was seen between
the physiotherapy and the collar group or the surgery and the physiotherapy
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Figure 5. Total active range of shoulder motion in the different reatment groups at Control |,
Control 2 and Control 3. Below the diagram, the mean, (median) and standard deviation in the
different treatment groups are given (* = P < 0.05, n.s. = not significant)

group. At Control 3, no difference was seen between the treatment groups
(Fig. 5).

Within-group comparison: the surgery group improved in total shoulder
mobility on the affected side at Control 2, especially in the forward elevation.
In the physiotherapy group, improvements were seen at Control 2 in forward
clevation but not in the total range of shoulder mobility. No changes were
seen in the collar group. At Control 3, after a further 12 months, no difference
was seen within any of the groups compared to pre-treatment measurements.

Correlations

In all patients there was a significant correlation (P < 0.01) between the
tenderness score and ‘current pain’ intensity measured by VAS, the corre-
lation coefficient being r = 0.43 at Control 1, r = (.50 at Control 2 and
r = 0.36 at Control 3. A significant correlation was seen between the num-
ber of painful areas and the ‘current pain’ intensity at Control 1 (r = 0.32,
P < 0.01), Control 2 (r = 0.56, P < 0.001) and at Control 3 (r = 0.37,
P < 0.01). The total range of motion of the neck correlated negatively with
‘current pain’ intensity at Control 1 (r = —0.43, P < 0.001) and at Control 3
(r = =041, P < 0.001). No correlation was seen at Control 2. A nega-
tive correlation was also seen between pain intensity and the total range of
shoulder mobility. At Control | the correlation was r = —=0.51 (P < 0.001),
at Control 2, r = —0.27 (P < 0.05) and at Control 3 r = —0.25 (P < 0.05).
No significant correlation between pain intensity (VAS) and smoking habits
was noticed before (Control 1) or after treatments (Controls 2 and 3).

In this study, the surgically treated patients showed greater improvement
compared to the conservatively treated patients when examined shortly after
treatment. At the follow-up after | year, however, there were no signifi-
cant differences between the surgically and the non-surgically treated groups.
This was valid for pain distribution, pain intensity, muscle-tenderness, neck-
mobility and shoulder mobility, We also performed a statistical analysis
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based on individual differences, which led to similar results except for a
minor advantage in the surgery group in pain distribution at Control 3. Sim-
ilar results have been found in two other reports on the same patients, with
respect to muscle strength, sensory loss'" and the patients’ well-being (phys-
ical, psychological and social) as measured by the Sickness Impact Profile
inventory and mood measured by the Mood Adjective Check List.'? To our
knowledge, no other prospective, randomised treatment study has compared
surgical with non-surgical treatment in patients with cervical radiculopathy
with respect to muscle tenderness and cervical range of motion.

This clinical study was carried out according to the ‘intention to treat’
principle,’* which means that after randomisation the patients kept their allo-
cation even if the treatment could not be performed. The fact that 3 patients
in the surgery group spontaneously improved enough to decline surgery can
be balanced by similar spontaneous improvements in the other two groups.

The Department of Neurosurgery performing the operations was the only
one in southern Sweden, and is responsible for 1.5 million inhabitants. The
patients lived spread out in the district and on account of this it was not pos-
sible to maintain the allocated treatment methods for more than 4 months.
Thus, some patients had changed the assigned treatment to another treatment,
or undergone re-operation during the I-year period between the second (Con-
trol 2) and third post-treatment evaluation (Control 3). A certain cross-over
between groups must be accepted, and is a sign of the patient’s dissatisfac-
tion with the original treatment. A separate analysis revealed that the mean
values of pain intensity were not notably influenced by whether or not the
patients receiving additional treatment were included in the allocated groups.

The physical therapy was given by several therapists and surgery was per-
formed by several neurosurgeons. This is how it usually works in clinical
practice. All surgeons and therapists were experienced and well trained.

VAS has been documented as a valid measure of perceived pain intensity””
and a reliable measurement in patients with chronic cervicobrachial pain.'
Palpation has been shown to be a specific and sensitive method of exami-
nation of muscle tenderness and is commonly used to evaluate fibromyalgia
and headache of tension type.”"?> As has been done in the present study,
other investigators have scored tenderness by manual palpation in a given
region.?! ~** When scoring muscular tenderness, a standardised pressure is
desirable. A new instrument (palpometer) has recently been introduced,* but
was not on the market at the time of the study. The palpometer allows for a
stable and measurable pressure. Bendtsen et al.® have reported that the to-
tal tenderness score measured manually showed a good intra-reliability and
showed a high correlation with total tenderness score measured by means
of the palpometer. The most common tender muscles in our study were
the trapezius, Jevator scapulae, supraspinatus, rhomboideus major and exten-
sor carpi rad. muscles. The proximal part of the brachioradialis has been
reported to be a tender spot even in healthy persons, and might therefore
sometimes be misdiagnosed.  The finding of a significant correlation be-
tween tenderness and the intensity of pain in the present study is in line
with other studies.”**** In patients with occupational cervicobrachial dis-
orders, the pain pressure thresholds were found to be significantly lower in
the trapezius and the levator scapulae region compared to healthy subjects.’
Pain and local tenderness may possibly depend on generally increased pain
sensitivity. This has been contradicted by Jensen et al.,*? who found normal
pain thresholds in patients with tension-type headaches, and suggest that pain
and muscular tenderness are due to the different reactions of an abnormal
muscle,
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The purpose of pain drawing in this study has been to estimate the paticnts”
total situation by including symptoms such as paraesthesia, or pain in the leg,
to measure changes over time, and to distinguish between pain form nerve
rool compression and muscular pain.*’

Before treatment, all patients indicated a radiating pain in the upper limb
of the affected side. About a third of the patients also marked pain in the
opposite shoulder. Whether this is due to a referred pain from other spinal
levels or is a muscular phenomen is an open question. Several patients
also reported an aching pain between the shoulders, which is a common
site of pain both for overloaded muscles™ and for referred pain from the
cervical spinal levels. An advantage of the paindrawing is that it reveals
newly developing symptoms and whether or not the pain is radiating.

Cervical spine mobility is complex. With increasing age. the cervical
flexibility decreases. Several factors may influence the flexibility in the neck.
such as neck pain, muscular tension and spondylosis. The recording of active
neck movement is a common means of assessing the condition of the neck
and to quantifying the efficacy of various treatments.?” Inclinometers have
been found reliable for measuring neck movements.'” Several factors will
affect the reliability and the validity of measurement. We found a good
intra-reliability when measuring a healthy age and sex-matched control group
on two occasions with an interval of 1 week. The active cervical range
of motion in the healthy control group was significantly better than in the
treatment groups. It is still unclear whether increased neck mobility causes
a reduction of pain or a diminished pain causes an increase in neck mobility.
Several of our patients reported increased pain after certain head movements.
In our study, we found an inverse correlation between pain intensity and
neck motion before treatment. Movements of the head may mechanically
compress the nerve roots. Some authors consider immobilisation and lusion
of the cervical spine the cause of success in Cloward's operation. Reduction
of the spinal mobility either by means of surgery or with a cervical collar
alleviated the symptoms and improved the prognosis for patients for cervical
spondylotic myelopathy. ™ In the present study, no changes in total cervical
mobility at Control 2 were seen, either after immobilisation with a collar
or after surgery. Motion in adjacent levels may have been compensatorily
increased after surgery.’!

Increased physical activity and decreased pain are likely to increase the cer-
vical range of motion. Stretching and flexibility exercises for shortened neck
muscles are common for physiotherapy of cervical disc diseases. Mobili-
sation treatments such as stretching, flexibility exercises or cervical traction
were part of the physiotherapy used in this study and described elsewhere'!
but did not significantly influence the active cervical motion. The pain might
have had an inhibitory effect on the cervical motion. It should be observed
that the majority of the patients in the physiotherapy group had previously
been treated by physiotherapists without lasting improvement. A few studies
have proved the efficacy of exercise on pain and function of the neck.” High-
land er al . found reduced pain intensity, increased neck muscle strength and
an improvement in neck mobility in patients with degenerated disc disease,
but no improvement in the cervical range of motion in patients with a cervical
herniated disc disease after 8 weeks of training. Pain improvement has also
been noted after active and traditional rehabilitation programmes in patients
with musculoskeletal disorders of the neck.* In a recent uncontrolled study
evaluated by way of a questionnaire, excellent or good results were seen in
83 per cent of the patients with cervical radiculopathy treated with aggressive
physical rehabilitation and a collar.®
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Restriction of the neck ina cervical collar for 3 months may be expected
to impair the neck mobility. How much a collar restricts the neck motion has
heen discussed in several studies.™ In this study, we did not know the exact
elfective time the collar was used. In our study, the pain intensity and pain
distribution did not change immediately within the collar group, and treatment
with a collar might serve more as a reminder to avoid painful movements
and a way to reduce mechanical stress and pressure on the nerves. Active
shoulder movement is often reported as provocative of pain in patients with
cervical radiculopathy, and there may be reason to measure shoulder mobility.
In our study, an impaired active shoulder mobility was seen on the affected
side. An inverse correlation between pain intensity and shoulder mobility
was noted before treatment. The only improvement of shoulder mobility
was found after 4 months in the surgery group, in forward elevation. The
improved mobility may be due to a combination ol reduced neck-shoulder-
arm pain and improved muscular strength.

The high proportion of smokers is notable. The prevalence of smoking
in Sweden for the corresponding age and sex was aboul 26 per cent in
1994, compared to our findings of 52-78 per cent. It is a well known
fact that smoking is also more common among patients with back pain’
and cervical dise discase.® A higher risk of disc degeneration in the lumbar
spine.”” pscudoarthrosis after laminectomy and fusion™ and adverse effects
on allograft interbody fusion® have also been reported. In this study, we
found no correlation between smoking habits and pain intensity.

In patients with cervicobrachial pain the differential diagnoses must be
considered. Muscular pain and connective tissue pathology or pain from
cervical joints may induce a referred pain, obscuring the clinical picture.>'*
It is difficult to differentiate between neurogenic and nociceptive pain of
myofascial origin, which sometimes occur together.* Some of these patients
may also develop a faulty posture with the head in forward flexion to reduce
pain. Extension of the head often elicits pain symptoms.* The foraminal
diameter increases in flexion, which might reduce the pressure on the nerve
structure.

Pain intensity. the number of painful areas and muscle tenderness improved in
all treatment groups. The improvement was faster in the surgery group. The
conservatively treated groups had a slower improvement and after | year there
was no significant difference between the groups. Thus, the three treatment
methods were found to be equally effective although there are differences in
the improvement rate.

This investigation was supported by grants from Vérdalsstiftelsen. We thank
Professor C.-A. Carlsson Department of Neurosurgery. University Hospital
Lund for initiating and continuously supporting the study.
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