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Abstract. [Purpose] This study aimed to identify the effects of cervical deep muscle strengthening (CDS) on 
neck pain in a patient with Klippel-Feil syndrome (KFS). [Subjects and Methods] The subjects was a 39 year-old 
woman with neck pain and KFS that included incomplete block vertebrae in the C2–3 segments and block vertebrae 
in the C6–7 segments. The subject performed an exercise program including cervical strengthening exercise (level 
1) and CDS exercise (level 2) for 6 weeks. Neck pain intensity was measured using the visual analogue scale (VAS) 
and the pressure pain threshold (PPT). All measurements were obtained before and after the CDS exercise program. 
[Results] The VAS and PPT measurements decreased; range of motion in the cervical joint increased. [Conclusion] 
CDS exercises were effective interventions for reducing neck pain in a patient with Klippel-Feil syndrome.
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INTRODUCTION

Klippel-Feil syndrome (KFS) was first identified in 1912 
by French neurologists Maurice Klippel and André Feil1). 
KFS is defined as congenital fusion of two or more cervi-
cal vertebrae and is believed to result from segmentation 
failure along the embryo’s developing axis during the 3rd to 
8th gestational weeks2). The incidence of this rare disease is 
1 in 42,000, and nearly 65% of KFS cases occur in women1). 
Common signs and symptoms of KFS include a short neck, 
limited range of motion (ROM) in the cervical spine, mus-
cular weakness, atrophy, and neurological sensory loss. In 
addition, spinal scoliosis (60%) is the most common associ-
ated anomaly in patients with KFS, followed by spina bifida, 
high scapulae, urinary tract problems (15–20%), congenital 
heart defects, and cardiovascular anomalies (15–25%)3, 4).

One particular consequence of KFS is a decrease in 
ROM when the vertebrae are fused, possibly restricting cer-
vical motions of rotation, flexion, and extension; this is the 
most common clinical finding in KFS patients5). Moreover, 
the upper cervical spine adjacent to the fused vertebrae may 
lead to hypermobility and instability, which is a predispos-
ing factor that can induce neurological problems; the lower 
cervical spine close to the fused vertebrae may suffer disc 
degeneration6). Clinically, instability resulting from spinal 
hypermobility is a condition under which the ability of the 
spine to maintain physiologic loads has been lost and defor-

mity or pain may be triggered7). The deep muscles around 
the spine maintain its stability, and dysfunction of such 
muscles may cause pain8). Therefore, spinal instability in 
patients with KFS may not only trigger cervical pain but 
also aggravate deformity and as a result may bring about 
neurological problems.

As noted earlier, KFS causes hypermobility of the verte-
brae that are not fused and the resulting neck pain necessi-
tating intervention to preserve the stability of the vertebrae. 
Accordingly, the purpose of this study was to apply cervical 
deep muscle strengthening (CDS) exercise that can stabilize 
the cervical spine in a KFS patient and evaluate the subse-
quent decreases in neck pain.

SUBJECTS AND METHODS

A 39-year-old woman had been experiencing pain in the 
posterior midline of the neck for a few months but had not 
received specific treatment for the pain. She had no other 
systemic diseases and neurologic signs. On radiological 
examination, the cervical spine was observed to resemble 
a forward-straightened cervical column. With respect to 
specific vertebral segments, the examination revealed an 
arthritic change in C1–C2, complete block vertebrae in the 
C2–3 segments, right eccentric foraminal body hypertro-
phy and disc degeneration in the C5–6 segments, and in-
complete block vertebrae in the C6–7 segments (Fig. 1).

The severity of pain in the neck, which was her main 
symptom, was measured using the visual analogue scale 
(VAS). The VAS is a tool for measuring musculoskeletal 
pain with excellent reliability and validity9). It is usually 
a horizontal line, 100 mm in length, that divides pain into 
grades of 0 to 100 ranging from 0=“no pain” to 100=“un-
bearable pain”, and subjects are asked to indicate the pain 
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felt by using this scale.
When the C2–C3 segments are incompletely blocked, 

excessive mechanical stress is applied to C1 and C2, there-
by triggering excessive motion and instability of the atlan-
toaxial junction10). Considering that pain may be induced by 
excessive stress on the capital extensor muscle as a result of 
excessive stress on the C1–C2 segments, the patient’s pres-
sure pain threshold (PPT) was measured. The PPT is a valid 
and highly reliable tool in clinical studies of pain related 
to musculoskeletal pain problems11). After vertically plac-
ing a pressure algometer on the belly of the patient’s capital 
extensor muscle, the tester gradually applied pressure to the 
belly at the pressure level of 0.2 lb and then held this pres-
sure level for 5 seconds. At the moment when pain began, 
the tester paused and used the indicated pressure.

In addition, pain is a factor that may affect restriction 
of ROM8); therefore, changes in cervical ROM were also 
measured. Cervical ROM was measured with a goniometer 
during flexion, extension, and bilateral rotation in a sitting 
position. For measurement of flexion and extension, the 
axis of the goniometer was placed with the external audi-
tory meatus and proximal arm vertically aligned with the 
ground and the distal arm aligned with the base of the na-
res, and then measurement were taken. For measurement 
of rotation, the axis of the goniometer was placed with the 
cranial aspect of the head and the proximal arm aligned in 
parallel with the acromion and the distal arm aligned with 
the tip of the nose12).

CDS exercise was initiated with light positive exercise, 
and resistance was gradually increased (by classifying the 
intensity into level 1 and level 2). The exercise methods 
were as follows.

At level 1, strengthening exercise consisted of lifting the 
head from the supine or prone position and performing cer-
vical flexion, extension, and lateral rotation ROM exercise 
in combination with cervical rotation in the supine position. 
To prevent any stress that might result from excessive exer-
cise, the patient was told to carry out the cervical exercise 
as much as she wanted for each session. These movements 
were held for 5 seconds each. The patient performed 3 sets 

of 10 repetitions of this strengthening exercise daily for 2 
weeks.

At level 2, the cervical deep muscle exercise consisted 
of tucking the chin down towards the chest in the supine 
position without lifting the head off the floor. Then, the pa-
tient lay face down with her hands supporting her forehead, 
took away her hands, and stayed in the prone position. A 
therapist placed her hand on the side of the subject’s head 
and provided gentle resistance, as if she was bending the 
subject’s head to one side. The patient also performed re-
sistance exercise against cervical flexion, extension, lateral 
bending, and rotation in a sitting position using a Thera-
Band. This exercise consisted of first lifting her neck up 
from the prone position and then lifting her neck up from 
the supine position. All movements were held for 5 seconds 
each, and the patient completed 3 sets of 10 repetitions of 
strengthening exercise daily for 4 weeks. To prevent exer-
cise-related stress, resistance was gradually increased from 
the minimum amount of resistance imposed for the cervical 
exercise. The cervical stretching exercise was followed by 
strengthening exercise to complete the level 2 exercise.

The subject understood the purpose of this study and 
agreed to participate in the research; she signed an in-
formed consent form approved by the Institutional Review 
Board before participating in the study.

RESULTS

The VAS was 58 mm, and the PPT was 1.28 kg/cm2 for 
neck pain at baseline. The VAS was reduced to 31 mm, and 
the PPT increased 1.37 kg/cm2 after the exercise program. 
Prior to the exercise, cervical ROM was 29° during flex-
ion, 39° during extension, 58° during left rotation, and 50° 
during right rotation. After the exercise, cervical ROM in-
creased slightly increased to 32° during flexion, 46° during 
extension, 62° during left rotation, and 55° during right ro-
tation. It was verified that CDS exercise had positive effects 
on neck pain and cervical ROM in a KFS patient (Table 1).

DISCUSSION

KFS is defined as congenital fusion of two or more cer-
vical vertebrae, and myelopathy or radiculopathy and neck 
pain have been reported as its clinical symptoms6). The 
fused vertebrae grow asymmetrically, restricting cervi-
cal ROM and bringing about deformity such as scoliosis3). 
Restricted cervical ROM is the cause of cervical vertebrae 

Fig. 1. Radiograph of the cervical spine (lateral 
view)

Table 1. Comparison of VAS, PPT, and cervical ROM between 
before and after the intervention

Before After
VAS (mm) 58 31
PPT (kg/cm2) 1.28 1.37

Flexion 29 32
Cervical Extension 39 46
ROM Left rotation 58 62
(°) Right rotation 50 55
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fusion. Cervical vertebrae adjacent to the fused vertebrae 
exhibit hypermobility, leading to excessive mechanical 
stress. Hypermobility in the vertebrae can lead to induc-
tion of intervertebral disc damage, or degeneration may be 
induced during cervical active motion13). The subject in this 
study exhibited an arthritic change in the C1–C2 segments 
and disc degeneration in the C5–C6 segments, with hyper-
mobility resulting from fusion of the C2–C3 and C6–C7 
segments. Hypermobility may increase load on the cervical 
facet joint and trigger pain during active ROM14). Instability 
due to segmental hypermobility reduces the ability to sta-
bilize nerve muscles for movement control, triggering inap-
propriate control of vertebra motions and restricting pain 
and joint movements8).

Cervical deep muscles play a key role in stabilizing 
and protecting the cervical spine, whose dysfunction may 
lead to pain in the head and neck15). The cervical extensor 
muscle is a muscle that needs exercise for muscle dysfunc-
tion management in patients with neck pain16), and cervical 
deep muscle strength and endurance training may be use-
ful in the management of symptoms related to mechanical 
impairment of the neck17). Deep muscles reduce increased 
stress on bone-ligament assistive structures and enhance 
spinal stability, decreasing pain. Deep muscles have a lot 
of nociceptive receptors around the joints8). Abnormally 
applied excessive stress on the muscles may be a cause of 
pain; pain may also be triggered by deep muscle dysfunc-
tion.

In the present study, the VAS and PPT decreased after 
cervical deep muscle strengthening exercise. Cervical deep 
muscle strengthening improved the stability of the hyper-
mobile cervical spine and helped to decrease mechanical 
stress applied around the spine, thereby alleviating pain.

In addition, KFS may restrict cervical rotation, flexion, 
and extension ROM5). Cervical ROM in normal adults is 
40±12° during flexion, 50±14° during extension, 72±7° dur-
ing right rotation, and 73±6° during left rotation12). Howev-
er, in this subject, Cervical ROM was restricted. After CDS 
exercise, the subject’s ROM increased slightly, although it 
was restricted compared with normal ROM. Moreover, pain 
acts as a factor that restricts ROM8), and therefore, cervical 
ROM is considered to have increased as cervical stability 
improved; pain accordingly decreased as well.

In conclusion, CDS exercise had positive effects in a 
patient with KFS and neck pain who had no neurological 
symptoms. Most KFS patients select surgery as a therapeu-
tic intervention against hypermobility of the spine that may 
worsen neurological problems. Nonetheless, hypermobility 

of the cervical spine in KFS patients may not be related to 
risks that increase their symptoms or neurological signs10). 
Thus, CDS exercise is regarded as an appropriate interven-
tion method for spinal stability in patients with KFS who 
presents with neck pain and no neurological signs. This 
study had some limitations, as it was conducted with only 
one subject. Further studies are therefore needed to confirm 
the effects of the aforementioned exercises on neck pain in 
patients with KFS.
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