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Introduction

Klippel-Feil syndrome (KFS) is characterized by congenital 
fusion of cervical vertebrae as a result of incomplete cervical 
segmentation during embryonic development. The term 
was first used in 1912, by Andre Feil and Maurice Klippel, 
in a medical school thesis on cervical abnormalities (1-3). 
KFS is thought to be the result of a genetic mutation in one 
of the following genes: growth differentiation factor (GDF) 
6 or 3 (autosomal dominant) or mesenchyme homeobox 

(MEOX) 1 (autosomal recessive) (4,5). The GDF genes are 
both associated with the transforming growth factor beta 
(TGF-β) family of proteins. GDF6 is associated with growth 
and maturation of bone and cartilage, whereas GDF3 is 
known to play a role in ocular and skeletal development. 
The MEOX1 gene has been shown to play a significant 
role in somitogenesis; and MEOX1 mutations have 
displayed similar Klippel-Feil findings in knockout mice (5).  
Phenotypically, KFS has been associated with a ‘clinical 
triad’, consisting of a short neck, a low posterior hairline, 
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and a decreased range of cervical motion; however, studies 
have shown that less than 50% of KFS patients present with 
all 3 features (3,6).

KFS has also been shown to be associated with numerous 
skeletal defects and other anomalies (2,7-9). Common 
skeletal findings include Sprengel deformity (congenital 
elevated scapula) and scoliosis. Somite defects include 
anomalies within the urogenital system, cardiovascular 
system and deafness. A widely held concern regarding 
fused segments amongst the cervical vertebrae, is the 
resultant pressure or increased force on the adjacent 
mobile segments. It has been postulated that subsequent 
hypermobility of these adjacent segments could lead to 
advanced degenerative changes causing cervical myelopathy 
and neurologic injury (10,11).

The objective of this study was to evaluate the prevalence 
of KFS among pediatric patients undergoing cervical CT 
imaging in an emergency room (ER) setting over a 3-year 
period. 

Methods

Data source

After obtaining Institutional Review Board approval we 
evaluated CT scans of the cervical spine of pediatric patients 
treated in the Emergency Department (ED) of a level I 

pediatric trauma center between January 2013 and the end 
of December 2015 (12). An institutional administrative 
database was queried to identify patients undergoing 
cervical CT scans during the study period Our inclusion 
criteria were patients ages 0–<19 with CTs of the cervical 
spine that included all seven cervical vertebrae. If multiple 
cervical spine CT scans for the same patient were identified, 
only the first CT scan was included. 

The following demographics were collected: age, sex, 
race and ethnicity. The mechanism of injury leading to the 
ER visit was also collected. 

The CT scans were analyzed for KFS, by examining 
sagittal and coronal CT images. For every patient with 
KFS, the cervical congenital fusion was further classified 
using Samartzis classification, which categorizes the type of 
KFS by order and number of fused segments. Type I KFS 
patients demonstrate a single fused segment; type II KFS—
multiple noncontiguous fused segments; and type III KFS—
multiple contiguous fused segments (1). The wasp-waist 
sign which alludes to the narrowing on a lateral or sagittal 
image of the midpoint of the congenital cervical fusion was 
also used to confirm the presence of KFS (11,13). All CT 
scans of patients with presumed KFS were evaluated again 
by the senior author.

Results

There were 848 pediatric cervical CTs obtained at Strong 
Memorial Hospital, between January 2013 and December 
2015. Of these, 831 CTs met our inclusion criteria. There 
were 355 females (43%) and 476 males (57%). The average 
age was 13.85 years old, (range, 0.2–18.99 years). Race 
and ethnicity demographics were also recorded (Table 1).  
The primary mechanism of injury for ED visits was 
motor vehicle accidents or collisions, accounting for  
220 patient visits (26%). Falls (15%), sports injuries (14%) 
and pedestrian struck (10%) accounted for the remainder 
(Figure 1). Of all sports injuries, football related injuries 
were the most common (n=38 patients, 35%). 

Ten patients were found to have KFS, for a prevalence of 
1.2% (or approximately 1 in 83). According to the Samartzis 
classification, 9 had type I (single level fusion), and 1 type 
III (multiple contiguous level fusion). The average age was 
16.02 years old (range, 10–18 years), with 8 males (80%) 
and 2 females (20%). The most common mechanism of 
injury reported for the KFS patients was sports injury, 
accounting for 30%. Demographics were collected for all 
KFS patients (Table 2). Three had congenital fusions at 

Table 1 Patient demographics

Demographics Number

Sex [%]

Females 355 [43]

Males 476 [57]

Race [%]

White 587 [71]

Black 164 [20]

Asian 12 [1]

Native American 0 [0]

Other 68 [8]

Ethnicity [%]

Hispanic 46 [6]

Non-Hispanic 785 [94]

Average age (range), years 13.85 (0.2–18.99)
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vertebral levels C2–C3, two at C3–C4, three at C5–C6, one 
at C6–C7, and one with multiple levels of cervical fusion 
(Figure 2). 

Discussion

There have not been any previous studies assessing the 
prevalence of KFS in large cohorts of pediatric patients. 
Since the first report in 1912, KFS has been described as a 
rare bone disorder, and has been stated to have an incidence 
of 1 in 42,000 live births, with females representing 60% 
of cases (2,6). Other authors have demonstrated higher 

Figure 1 Mechanisms of injury. MVA, motor vehicle accident.
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Table 2 Demographics and mechanisms of injury for KFS patients

Demographics KFS presentation

Prevalence 10 KFS cases: 1.2% or ~1 in 83

Samartzis classification 9 type I/1 type III

Sex 8 males/2 females

Race 7 White/2 Black/1 other

Ethnicity 2 Hispanic/8 non-Hispanic

Average age [range] 16.02 [10–18]

Mechanisms of injury Sports injury [3], assault [1], MVA [1], syncope [1], suicide attempt [1], pedestrian struck [1], 
skateboard accident [1], go-cart accident [1]

KFS, Klippel-Feil syndrome; MVA, motor vehicle accident.

Figure 2 Common fused levels.
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prevalence rates, up to 0.71% (14-16). Although studies 
have tried to further characterize KFS and its association 
with various somitic anomalies, there is little information 
on its true prevalence. Associations between congenital 
cervical fusion and risk of adjacent segment degeneration, 
instability and injury to the cervical spine following trauma 
have been reported (10,11,17). As a result, patients with 
KFS demonstrating signs/symptoms of radiculopathy or 
myelopathy should be monitored closely. 

In this study, all cervical CT scans of pediatric patients 
treated at the ED of a Level I Trauma Center between 
January 2013 and December 2015 were evaluated. The 
demographics of the patients including race and ethnicity, 
did not differ significantly from that of the geographic 
region where the trauma center was located (18). Of the 
831 CT scans that met inclusion criteria, 10 were found 
to be associated with KFS, for a prevalence of 1.2% or 
approximately 1 in 83. Eighty percent of cases were of 
males, whereas 20% were of females. The two most 
common levels fused were C2–C3 (30%) and C5–C6 
(30%). According to the Samartzis classification, 9 were 
type I, and 1 type III. Only one patient had KFS listed as 
a known diagnosis in their medical record. As this study 
was a retrospective review of CT images, and no physical 
examination was performed, no clinical findings referable to 
KFS are available. 

Although congenital cervical fusions were termed KFS 
in 1912, previous research indicated the findings of KFS 
to be present much earlier. An Egyptian mummy, from 
approximately 500 B.C., was found to have a fusion between 
C2 and C3 vertebrae (19). The pre-Hispanic population 
of El-Hierro were also found to have features of KFS, 
specifically fusions at C2–C3 and C5–C6 vertebrae (20). 
Along with fused cervical vertebrae, these earlier cases 
demonstrated associated anomalies, including scoliosis, 
cervical spina bifida, and restricted cervical mobility (19,20). 
Skeletal and non-skeletal abnormalities, such as these, 
have been noted in several studies on KFS. Larson et al. 
reported Sprengel deformity in 30% of patients with KFS, 
with 9–12% having an omovertebral bone (7). Scoliosis has 
been documented as being seen in more than 50% of KFS 
patients (9). Although an association with a “clinical triad” 
was established, it has been stated that the clinical triad is 
expected to be found in less than 50% of KFS cases (3,6).  
Based on a retrospective study completed on 31 KFS 
patients, less than 10% presented with the clinical triad. 
A proportion of 38.7% were found to have only one of 
the three findings, with the primary finding being limited 

cervical range of motion, seen in 64.5% of patients (6). In 
his study, Samartzis et al. also postulated that the extent of 
cervical fusion might affect the phenotype of the clinical 
triad. Gray et al. noted that a single level cervical fusion 
did not increase the risk of developing limited cervical  
mobility (21). In a study following 28 KFS patients for an 
average of 8 years, Samartzis et al. noticed that patients with 
type II or III KFS were more likely to develop radiculopathy 
or myelopathy (1). 

Although the true incidence of KFS is still unknown, 
the majority of the literature quotes it to be around 1 in 
42,000 (2,6). Our study found a much higher prevalence 
rate of 1 in 83 pediatric patients, or 1.2%. This prevalence 
is much closer to a study of an osseous collection completed 
in 1964, which reported a 0.71% incidence of congenital 
cervical fusion (14). Another study using either radiographic 
imaging incidence rates of 0.2 and 0.5 per 1,000 (6). 
Investigators at our institution reviewed 3,000 adult cervical 
CT scans from the ER and found a KFS incidence of 1 in 
177 or 0.56% (16). 

The vertebral levels involved and number of fused 
segments in a KFS patient have been shown to be associated 
with extent of cervical degeneration and myelopathy in 
the future (10,11,17). The most common levels fused in 
our study were C2–C3 and C5–C6 (Figure 3A,B). This 
coincides with previous literature stating that C2–C3 is the 
most common site for cervical fusion. Type III Samartzis 
classification patients (Figure 3C), are said to need early 
diagnosis, especially when involved in high-impact athletic 
activities (6,10). Cervical fusions, such as seen in Klippel-
Feil, increase the risk for hypermobility, disc herniation, and 
degenerative changes to the adjacent levels. Given certain 
circumstances, this could lead to traumatic instability, cord 
compression and neurologic damage (10,17). Furthermore, 
research has shown a higher prevalence of KFS in patients 
with degenerative cervical myelopathy, suggesting KFS is a 
risk factor (11). 

The clinical relevance of this study is the need to 
establish a pathway for follow up once a pediatric patient 
has been identified with a congenital cervical fusion. 
Patients may have a congenital cervical fusion without the 
other signs or conditions associated with KFS. However, 
with a prevalence of 1 in 83 ER cervical CT scans it may 
be appropriate for the pediatrician following the patient 
on out-patient basis to refer the patient to orthopaedic 
surgery, if the patient develops neck pain or decreased 
range of motion. If the orthopaedic or neurosurgery team is 
consulted on the patient in the ER then appropriate follow-
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up can also be established. 
In studying a rare condition, such as KFS, there are 

various limitations. As a retrospective study, our data was 
limited to only the CT scans made available within the time 
period. This also prevented us from studying phenotypic 
associations, such as limited cervical mobility, of KFS to 
assess severity. Although our sample was one of the largest 
pediatric cohorts studied for KFS, it was still relatively small 
given a preconceived frequency of 1 in 42,000. As a result, 
our ability to examine statistical significance and draw larger 
conclusions, was limited. All of our data was gathered at 
the ED of a single center, making it hard to extrapolate our 
data to other populations. The nature of our study requires 
patients presenting to the ER, as well as those patients 
receiving a diagnosis that requires a CT, which also limits 
our sample size. Within the sample, we also had more males 
than females, which may be justified in view of research 
stating that boys take part in riskier behavior and sustain 
more severe injuries, thus warranting more ER visits (22). 
This fact makes it difficult to prove a correlation between 
gender and KFS prevalence. 

Conclusions

KFS is a rare bone disorder, characterized by congenital 
cervical fusion, the prevalence of which is still unknown. 
In our study of 831 pediatric cervical CT scans, 10 patients 
were found to have KFS. This prevalence of 1.2% is 
higher than previously reported. Moving forward, KFS 
patients should be monitored longitudinally for possible 
development of cervical spine related symptoms. Given 
the evidence regarding KFS and its likely association with 
progressive degenerative cervical myelopathy and traumatic 

instability, KFS patients should be monitored closely. 
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