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Study Design: Retrospective case series.

Purpose: To assess the effect of non-kyphotic aligned congenital C3—4 synostosis on the adjacent segment in 10 patients.
Overview of Literature: In the cervical spine, fusion disease at the adjacent motion segments may be a risk factor for potential neu-
rological compromise and death.

Methods: Radiograms of 10 patients 13 to 69 years of age presenting with neck/shoulder discomfort or pain with or without trauma
history were examined. C3—4 synostosis was found incidentally in all patients on routine examination radiographs of cervical spine.
Results: Adjacent segment disease (ASD) was not found in the three patients younger than 39 years of age. Five of the 10 (50%)
patients, including a 67-year-old man, did not develop spondylosis in any of the cervical mobile segments. Spondylosis was observed
only in the caudal 1-2 mobile segments in the remaining five patients. The youngest was a 40-year-old male who had spondylosis in
the two caudal mobile segments (C4-5 and C5-6). Spondylosis was limited to the two close caudal mobile segments and was not in
the cranial segments. Flaring of the lower part of synostotic vertebra associated with advanced narrowed degenerate disc was evi-
dent in five patients.

Conclusions: Mobile segment spondylosis in the individuals with congenital monosegment C3—4 synostosis over age of 40 years
may be a natural manifestation of aging and is not solely an adjacent segment disease directly and fully related with congenital C3—4
Synostosis.
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Introduction

Mono- and multi-segment anterior surgical fusion in any
spinal level causes excessive transfer of the lost motion
and load to the adjacent joints. The consequent failure
of the adjacent joint and vertebral body leads to gradual
proximal and distal compromise [1-12]. In the cervical

spine, iatrogenic fusion disease at the adjacent motion
segments may be a risk factor for potential neurological
compromise and death [6-9,13-15]. However, the clinical
symptoms and signs remain speculative.

The senior author of the current series reported the
clinical significance of congenital C2-3 synostosis in 2010
[15] and congenital monosegment synostosis between C2
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Table 1. Decade-related distribution of the spondylosis of the adjacent mobile segments in 10 variously aged patients with congenital C3—-4
synostosis

Level of cervical spondylotic segments

Patients ages Patient no.
(yr) o el ) C0-1  Cl-2 €23 C4&5  C56  C67

Below 30 2(1/1) 13 (male) - - - - - -
30 (female) = = - - - -

31-40 2(2/0) 39 (male) - - - - - -
40 (male) - - - + + -

41-50 3(2/1) 42 (male) - - - - - -
46 (male) - - - + - -
47 (female) - - - - ++ +

51-60 0(0/0)

61-70 3(2/1) 62 (female) - - - + + -
67 (male) - - - - - -
69 (male) - - - +H +H+ -

Total 10(7/3) - 0 0 0 4 4 1

—, normal disc height; +, normal disc height with bony lipping of the anterior superior and/or inferior margins with flared inferior vertebral body;
+, mild narrowing (<25%); ++, moderated narrowing (25%-50%); +++, relatively severe narrowing (50%—75%); ++++, severe narrowing (over 75%).

and C6 in 2014 [16], and concluded that normally aligned are presented in Table 1. Representative hypoplastic C3

congenital synostosis between C2-6 was only likely to bodies of the block vertebra are shown in Figs. 1-3. No
develop adjacent joint disease late in life, whereas the hidden organ anormalies associated with Klippel-Feil
kyphotic C2-3 synostosis was likely to associate with the syndrome were evident. C3-4 synostosis was found in-
junctional problems rather early in life [13]. Others have cidentally in radiograms in every patient (Table 1). No
suggested that adjacent joint disease in individuals with patient presented the short-neck appearance. Five patients
congenital monosegment synostosis is age related on the complained of mild neck pain following car accident and
basis of individual differences in physical adaptability to five patients had nontraumatic mild neck and/or shoulder
stress between children and adults [13]. discomfort/pain. None of the patients had limited neck
The current study was undertaken to assess the effect motion and neurological symptoms and signs.

of C3-4 congenital synostosis on the adjacent segments

and vertebrae. The results comprised the control, which Results

was compared with cases of surgically fused pediatric and

adult C3-4. Only congenital C3-4 synostosis cases were Non-kyphotic cervical alignment was present in every
studied to avoid confusion of adjacent segment degenera- patient. Some underdeveloped fused C3 vertebral bodies
tion in synostosis of lower cervical spine with age-related were observed. Spondylosis was absent in three individu-
degeneration. als younger than 39 years of age and a 67-year-old male

(Fig. 1). Spondylosis did not develop in any of the cranial

Materials and Methods segments (Table 1, Figs. 1-3) of in any of the cervical
mobile segments in five patients. In the other five patients

Radiographs of 10 patients (seven males and three fe- spondylosis was evident in the caudal 1-2 mobile seg-
males) 13 to 69 years of age with non-kyphotic aligned ments only (Table 1); of these five patients, four who were
congenital synostosis obtained at six different hospitals over 40 years of age had spondylosis in the two caudal
between April 1995 and October 2014 were reviewed. mobile segments (C4-5 and C5-6, n=3; C5-6 and C6-7,
Disc conditions of each patient and decade-related distri- n=1). The most severe disc degeneration was found at two

bution of the spondylosis of the adjacent mobile segments caudal segments (C4-5 and C5-6) in a 69-year-old male
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Fig. 1. Cervical radiograms of a 13-year-old female (A), a 30-year-old male (B), a 39-year-old male (C), and a 67-year-old male (D). Non-
kyphotic aligned C3—4 monosegment synostosis in the sagittal plane without adjacent joint disease are evident. Inwasted synostotic block
vertebrae and some hypoplastiscity of fused C3 body are seen in (B), (C), and (D).

Fig. 2. Lateral radiographs of three patients aged 40 (A), 62 (B), and 69 (C) years with congenital C3—4 synostosis showing corpo-
ral flaring of the caudal half of the C3—4 block vertebra and spondylosis in the two caudal mobile segments.

(Fig. 2). Spondylosis in three levels was not found. The and one female) except one patient (Figs. 2, 3). Cervical
most noteworthy observation was the flared lower part lordosis decreased in cases with adjacent segment disease.
of synostotic vertebral body associated with a little more No rotational and/or translational instabilities were ob-

advanced disc degeneration in four patients (three males served in the adjacent segments.
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Fig. 3. Lateral radiograms of three patients aged 40 (A), 69 (B), and 42 (C) years with congenital C3—4 synostosis. Corporal flaring
of the caudal half of the C3—4 block vertebrae are evident. In (A) and (B), narrowed discs at the C4-5 and C5-6 level are visible.

In (C), degeneration is observed at C5-6 and C6—7, but not at C4-5.

Discussion

Congenital cervical synostosis results from the failure of
the normal segmentation of the cervical somites at 3 to
8 weeks of age. The etiology is still unknown. Congenital
cervical synostosis with or without deformities have been
recognized for a long time and have been studied, mainly
on a clinical and radiological basis. Most cases are related
with Klippel-Feil’s disease. Few animal experimental
studies have been done to define the true nature of the
pathology. The behavior of the segmentation defect is hy-
pothesized to be similar to the other sites. The pathogen-
esis remains unclear. Clinically, the growth of the anterior
vertebral column of the spine is altered when anomalies
of the posterior arch exist. The fused vertebral body ap-
pears almost normal. Thus it is thought that the growth
potential of the block vertebrae is not affected.

It is generally presumed that congenital synostosis may
alter the kinematics of the adjacent mobile segments
and exert additional stress due to the load and motion
transfer, resulting in progressive joint degeneration and
segmental instability. Adjacent joint disease is age-related,
presumably due to the individual differences in physical

adaptability to stress in children and adults. However, in
reality, it is difficult to confirm the presumed behavior of
the mono-segment synostosis of the adjacent segments.
In the current series, all 10 cases were found incidentally
on radiographs. None of the patients had moderate to se-
vere complaints, except some mild neck discomfort/pain.
Therefore, the detriment of this condition during its natu-
ral course on the adjacent segments can only be judged
visually based on radiographic findings.

It is debatable whether the congenitally fused block ver-
tebrae behave similarly to the surgically fused vertebrae in
patients of various ages. The senior author of the current
series previously suggested that this would be possible
only if segments adjacent to the fused vertebrae are truly
normal to start with, and side effects of the surgical fusion
are negligible [16].

Radiographic findings of the congenital C3-4 synosto-
sis in the current series may not be comparable to those of
the surgically fused pediatric and adult C3-4 synostosis.
Incidence of spondylosis in the current series was 50%.
We assumed that the caudal part of the block vertebra
(C4 vertebral body) responded somewhat differently in
comparison with cases of synostosis of other levels due to



Congenital C3—4 synostosis {55 I

altered biomechanics. Consequently, the flared osseous
morphology of hypertrophic nature in the caudal part
of the C3-4 block vertebra as a sign of biomechanical
adaptation develops together with spondylosis at C4-5
segment in the 4 cases [10,13,15,16]. However, it remains
unclear why patients without caudal corporal flaring did
not develop spondylosis in the caudal segment, and why
none of the patients developed spondylosis in any of the
cranial mobile segments. In contrast, a prior report of 25
cases of congenital C2-3 synostosis described unilateral
atlantoaxial joint osteoarthrosis was found in one patient
[15]. The authors assumed that spondylosis developed as
a natural age-related condition, unrelated to C2-3 synos-
tosis and malalignment.

Changes of vertebral body morphology, such as inwaist-
ing of the vertebral body with/without flaring (widening)
of the caudal half of the fused vertebral body, was suppos-
edly the product of adaptive bony modeling which could
be explained only by Wolff’s, Heuter-Volkmann’s and
Frost’s flexure drift laws. In this scenario, the fused block
vertebra serves as a single body that gradually presents
morphological changes due to the altered biomechanics
locally, despite individual patient differences. Thus, the
different morphologies of the fused vertebral body reflect
the altered biomechanics in the synostotic cervical spine,
which functions as a single vertebral body and the by-
product of gradual adaptive changes. There was some loss
of cervical lordosis in cases featuring adjacent segment
disease.

Limitations of this study were the small case numbers,
reflecting the rarity of the condition, limited cases of
monosegment synostosis of the other level, lack of surgi-
cally fused C3-4 vertebrae as control, and lack of cases
with variably severe malaligned fused vertebra as control.
Furthermore, cervical magnetic resonance imaging was
not done to check for disc degeneration and the occupa-
tions of the patients, which could be one of the causes of
disc degeneration, were not established.

Only a few comparative studies between congenital
and surgical block vertebrae of pediatric and adult spines
have been published [15-17]. Therefore, it is difficult to
speculate on the detrimental effect of block vertebra on
the adjacent mobile segment, because the initial state of
the mobile segments adjacent to the block vertebra is not
known. The present data show that congenitally fused cer-
vical spines behave differently from iatrogenically fused
adult spines. Further longitudinal studies are needed for

clarification. The present study is clinically relevant, as it
provides basic data on the occurrence of adjacent segment
disease in the congenital C3-4 synostosis.

Conclusions

Cervical spondylosis in individuals older than 40 years of
age with congenital C3-4 synostosis may not be directly
related with the block vertebrae. Spondylosis in the con-
genital synostotic cervical spine is thus primarily a prod-
uct of aging, though synostosis is considered as a contrib-
uting factor of disc degeneration.
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