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Study Design: The study retrospectively investigated 15 cases with multilevel noncontiguous spinal fractures (MNSF).
Purpose: To clarify the evaluation of true diagnosis and to plane the surgical treatment.
Overview of Literature: MNSF are defined as fractures of the vertebral column at more than one level. High-energy injuries caused 
MNSF, with an incidence ranging from 1.6% to 16.7%. MNSF may be misdiagnosed due to lack of detailed neurological and radiologi-
cal examinations.
Methods: Patients with metabolic, rheumatologic diseases and neoplasms were excluded. Despite the presence of a spinal fracture 
associated clearly with the clinical picture, all patients were scanned within spinal column by direct X-rays, computed tomography 
and magnetic resonance imaging. When there were ≥5 intact vertebrae between two fractured vertebral segments, each fracture 
region was managed with a separated stabilization. In cases with ≤4 intact segments between two fractured levels, both fractures 
were fixed with the same rod and screw system. 
Results: There were 32 vertebra fractures in 15 patients. Eleven (73.3%) patients were male and age ranged from 20 to 64 years 
(35.9±13.7 years). Eleven cases were the American Spinal Injury Association (ASIA) E, 3 were ASIA A, and one was ASIA D. Ten of the 
15 (66.7%) patients returned to previous social status without additional deficit or morbidity. The remaining 5 (33.3%) patients had 
mild or moderate improvement after surgery.
Conclusions: The spinal column should always be scanned to rule out a secondary or tertiary vertebra fracture in vertebral fractures 
associated with high-energy trauma. In MNSF, each fracture should be separately evaluated for decision of surgery and planned ap-
proach needs particular care. In MNSF with ≤4 intact vertebra in between, stabilization of one segment should prompt the involve-
ment of the secondary fracture into the system.
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Introduction

Multilevel noncontiguous spinal fractures (MNSF) are 
rare and have unique characteristics. MNSF are defined as 

injuries to the vertebral column at more than one site and 
separated by several normal vertebrae [1-7]. There must 
be at least 3 normal vertebrae between the fractured levels 
by definition in the literature though a single normal ver-
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tebra is also acceptable by several authors [3-5]. The re-
ported incidence of noncontiguous spinal fractures varies 
from 1.6% to 16.7%, with a usual range from 3% to 8% [1-
7]. MNSF may present with local pain, paraplegia, quad-
riplegia, or even death [1,2,4]. Except for the fractures due 
to osteoporosis, they usually occur as a consequence of 
high-energy trauma [1,2,8]. 

Rapid diagnosis of MNSF is essential since a misdiag-
nosis or delayed diagnosis may complicate the clinical 
picture. A fracture at a secondary or tertiary region, as a 
part of MNSF, might cause and/or aggravate neurological 
deficit, spinal instability, deformity and need for addi-
tional surgical intervention [3,6,9,10]. In this study, pa-
tients with at least 1 intact vertebra between the fractured 
vertebrae were investigated with respect to demographic 
properties, clinical and radiological findings, trauma 
mechanism, treatment approach, and clinical outcomes. 

Materials and Methods

This study retrospectively examined 15 patients who 
presented to neurosurgery clinics of two different centers 
and underwent surgical treatment for MNSF between 
2012 and 2014. Patients having metabolic, rheumatologic 
diseases, and neoplasms such as osteoporosis, ankylos-
ing spondylitis, and multiple myeloma were excluded. 
Patients treated with conservative measures for a single 

fracture level or levels were also excluded. Fractures in-
volving the occipitocervical junction and sacrum were 
also excluded since they have a have a unique anatomy, 
biomechanics, and classification. 

All cases were considered as systemic multi-trauma and 
further investigations were done for associated cranial, 
thoracic, abdominal, and extremity lesions. Although a 
fracture was found to be clearly associated with the neu-
rological signs of all patients, direct X-ray examinations 
involving cervical, thoracic, lumbar regions as well as 
detailed extremity studies were obtained in all patients. 
Thorax and abdominal computed tomography (CT) im-
aging was performed as a routine procedure in high en-
ergy multitrauma patients. Additional fractures might be 
visualized during these investigations if bone scans were 
thoroughly evaluated Apart from these investigations at 
presentation, CT and magnetic resonance imaging (MRI) 
studies were also performed for confirmatory diagnosis, 
treatment indication or surgical planning. 

Cases with unstable vital signs including blood pres-
sure, blood oxygen level, and serum hemoglobin level 
were precisely investigated for an associated systemic 
problem nevertheless primary measures were immedi-
ately performed to correct vital signs. Cases with stable 
vital signs were operated on an elective emergency basis. 
Fractures of all patients were stabilized at a single stage. 
Symptomatic vertebral fractures with overt neurological 

Fig. 1. Separate stabilization systems applied for ankylosing spondylitis with T3 and T12 fractures.
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signs were primarily operated on, whether the localiza-
tion of fracture was proximal or distal. In the remaining 
cases without an associated neurological deficit, proximal 
segment was stabilized first. When there were ≥5 intact 
vertebrae between two fractured vertebral segments, each 
fracture region was managed with a separate operative in-
cision and approach for stabilization (Fig. 1). In cases with 
≤4 intact segments between two fractured levels, both 
fractures were fixed with the same rod and screw system 
(Fig. 2).

Results

Eleven (73.3%) patients were male and 4 (26.7%) were 
female. Age ranged between 20 and 64 years (35.9±13.7 
years). The most common mechanism of accident result-
ing in spinal fractures was falling down from height in 7 
(46.6%) patients, followed by traffic accidents in 6 (40%) 
and motorcycle accidents in 2 (13.3%). Associated injuries 
were diagnosed in 6 patients and documented as 1 bilater-
al hemothorax, 1 left-sided pneumothorax, 2 right-sided 
pneumothorax, 1 calcaneus fracture and 1 tibia fracture. 
Vertebral fractures involving three segments were noted 
in 2 cases whereas two segments were involved in 13 
cases with a minimum one or more single intact vertebral 

segment in between. There were 32 vertebral fractures. 
The most common segment among all patients suffering 
MNSF was thoracic+thoracic region (40%), followed by 
thoracic+lumbar region (26.7%), lumbar+lumbar region 
(20%), and cervical+lumbar region (13.3%). According to 
the American Spinal Injury Association (ASIA) classifica-
tion, 11 cases had ASIA E, 3 had ASIA A, and 1 had ASIA 

Fig. 2. Magnetic resonance imaging revealing expansion of fractures 
into the spinal canal at the levels of Th11–L1–L5 vertebrae that were 
stabilized by a single fixation system.

Table 1. Demographic conditions and distribution of the fractures according to AO classification

Case 
no.

Age 
(yr) Sex Injury ASIA Level–AO 

classification
Stabilized 
segments Additional injury

1 24 Female Traffic accident E Th10→A1, Th12→A2, L1→A3 Th8–L2 -

2 50 Male Traffic accident E Th6→C1, Th9→C2 Th3–11 Calcaneus fracture

3 47 Female Falling E Th12→C2, L3→A3 Th10–L5 -

4 42 Male Falling E L3→B2, L5→B2 L2–S1 Tibia fracture

5 24 Male Falling E L3→B1, L5→B3 L2–S1 -

6 24 Male Traffic accident E Th1→A1, L1→B3, L5→B2 Th10–S1 Bilateral hemothorax

7 30 Female Falling E L1→A3, L5→A3 T11–S1 Right pneumothorax

8 35 Male Traffic accident A Th5→C1, Th8→C2 Th2–Th12 -

9 20 Male Falling E Th6→B2, Th8→B3 Th4–Th10 -

10 64 Male Traffic accident E Th4→A2, Th10→A2 Th2–T12 -

11 35 Male Falling D Th11→C2, L1→C3 Th9–L3 Bilateral pneumothorax

12 21 Male Motorcycle accident A C7→C1, L1→A3 C6–Th1, Th12–L2 Right pneumothorax

13 48 Female Traffic accident E Th5→B2, Th8→B3 Th3–Th10 -

14 52 Male Falling E Th4→C2, Th7→C2 Th2–Th9 -

15 23 Male Motorcycle accident A C6→C3, L1→A3 C4–C7, Th12–L2 -

ASIA, American Spinal Injury Association.
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D at primary neurological evaluation. The exact levels of 
fractures and their distribution according to the AO spi-
nal fracture classification and neurological status are sum-
marized in Table 1. 

Posterior stabilization was performed in all cases and 
an additional decompressive measure was done when 
necessary. None of the patients developed an additional 
postoperative neurological deficit. The level of the stabi-
lization was determined by using the AO spinal fracture 
classification (McCormack et al. [11]). The main aim of 
using two systems in patients with ≥5 intact segments 
between fractured levels was to evenly distribute the avail-
able load and thereby prevent overloading of the system 
for kyphotic deformity. 

ASIA class did not improve in any patient during the 
early postoperative period. Ten of 15 (66.7%) patients 
returned to previous social status without additional defi-
cit or morbidity however 5 (33.3%) patients had mild or 
moderate improvement after surgery. 

Discussion

MNSF is defined as multilevel fractures involving non-
neighboring vertebrae. In the present study, we reviewed 
the clinical and radiological features of MNSF and em-
phasized that a secondary fracture might be overlooked 
when there is a symptomatic primary fracture explaining 
the present clinical findings. Furthermore a surgical ap-
proach towards these fractures should be combined when 
there are ≤4 intact vertebral segments in between.

The primary lesion is the major lesion that is respon-
sible from clinical signs and symptoms. Major vertebral 
fracture is easily recognized clinically or radiologically, 
but an associated secondary or tertiary fracture might 
pose a diagnostic challenge in some situations. This di-
agnostic dilemma is more pronounced when the symp-
tomatic lesion is proximal to the secondary and tertiary 
fracture. In particular, when a patient presents with symp-
toms of paraplegia and an associated cervical fracture, 
a secondary thoracic or lumbar fracture might be easily 
be overlooked. Diagnosis of a secondary fracture may be 
delayed as long as 2.8 to 52.6 days in the literature [1,7]. 
Lian et al. [2] reported a delay of 5.1 days for diagnosis of 
a secondary fracture in 8 of 30 patients. Delays in diagno-
sis of such lesions have been explained by focusing on a 
particular lesion indicated by neurological signs [1,7] and 
the inability to evaluate advanced radiological imaging 

tests during management of additional traumatic patholo-
gies including hemothorax and cerebral contusion [6]. 

Neurological examination is the key guide for lesion 
localization in traumatic lesions of the spinal vertebrae. A 
great majority of the cases in our series had complete neu-
rological injury or normal findings on examination. Thus, 
general clinical picture might not be so helpful for detec-
tion of a secondary fracture in the present series. In this 
study, 15 patients were evaluated for a secondary fracture 
and majority of patients did not have any neurological 
deficit. Clinical picture did not help in the diagnosis of 
a secondary lesion. On the other hand two cases in the 
present study were reported to have a fixed neurological 
deficit (ASIA A) and an associated fracture distal to the 
primary lesion was put into shadow. Hence, radiological 
examinations have a more important role in diagnosis 
of a secondary or tertiary fracture. MNSF incidence is as 
high as 20% and Calenoff et al. [7] reported that a sec-
ondary lesion occurs above the primary lesion in 40% of 
cases and below the primary lesion in 60% of cases. For 
this reason, all vertebrae should be carefully examined as 
routine when there are signs of a single segment vertebra 
fracture in high-energy traumas. 

We suggest that not only the neighboring vertebrae 
should be examined, but also that the whole vertebral 
column should be evaluated for presence of an associ-
ated fracture. All patients in our series were diagnosed as 
MNSF with the aid of a radiological investigation even 
when there were no neurological signs. Similarly, both 
proximal and distal segments of the lesion should be ex-
amined in cases presenting with complete spinal injuries. 
A delay in the diagnosis of a secondary or even a tertiary 
lesion is important due to a risk of an additional neuro-
logical deficit, spinal instability, deformity, and planning 
of surgical intervention for primary fracture level [5,7]. 
Thus, precise evaluation of whole vertebral column with 
CT or MRI is essential to avoid an incomplete diagnosis 
in patients with a spinal vertebra fracture. 

Key procedures in the surgical management of vertebra 
fractures include decompression of neural elements and 
restoration of vertebral alignment. Early surgical stabiliza-
tion shortens the hospital stay, early rehabilitation, and 
reduces rates of complications due to prolonged bed-rest, 
such as pneumonia, decubitus ulcers, and muscle atrophy 
[8-10]. Treatment strategy for MNSF and related surgical 
complications are not different than single level fractures. 
Lian et al. [2] compared three treatment modalities of 
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conservative treatment, surgical therapy for a single lesion 
and surgical therapy for both lesions in a vertebral MNSF 
series of 30 patients and found the best clinical and ra-
diological outcome in the surgically managed group [3]. 
Jorgensen and Joseph [8] reported that excessive kyphosis 
and resultant chronic pain developed in a case with Th11 
and L2 compression fractures, since they were not able to 
manage surgically due to severe infectious findings. In the 
present series early surgical approach provided early mo-
bilization at every patient, which prevented prospective 
systemic complications due to immobility.

Posterior stabilization systems become more popular 
in the last decade as a gold standard technique. Anterior 
decompression and stabilization is usually inadequate 
to provide a biomechanically strong system and surgical 
approach is associated with more complications than the 
posterior stabilization procedures [12]. Posterior stabiliza-
tion systems can restore vertebral body height by distrac-
tion forces. Furthermore, anterior and middle columns 
maintained their normal length during correction of 
kyphosis. Distractive forces provided by the posterior sta-
bilization system developed a tensile strength in the pos-
terior longitudinal ligament which pushes back the retro-
pulsed bone fragments forward. This process has been 
termed ligamentotaxis and it is beneficial particularly if 
performed at the early period [13]. 

Spinal fractures associated with MNSF should be evalu-
ated as separate in terms of treatment approach. Posterior 
approaches for stabilization are generally preferred for 
MNSF. It is a conventional method for the management 
of vertebral fractures with low complication rates. Mc-
Cormack et al. [11] suggested a load sharing system for 
vertebral fractures taking the level of injury at horizontal-
vertical planes and angle of kyphosis at the level of frac-
ture to consideration. The stabilization system failed and 
the screws were reported to be broken in burst fractures 
subjected to short segment fixation (one level above and 
below the fracture segment). Despite the presence of an 
increased intention towards short segment stabilization 
in recent years, the complications of anterior approach 
should not be overlooked. A meta-analysis demonstrated 
the association of the anterior approach with longer op-
eration time and greater blood loss. On the other hand, 
anterior support can also be provided by placing cages 
and/or grafts via extended posterolateral approaches 
[14]. In the present study, the anterior approach was not 
performed for vertebral fractures and posterior decom-

pression with long segment stabilization was preferred to 
obtain an adequate alignment. 

The evaluation of the number of intact vertebrae be-
tween two fractured segments is also critical in deciding 
the treatment approach for MNSF in addition to neuro-
logical deficit, spinal deformity, and instability. The length 
of the system used for the stabilization of the primary 
fracture causing neurological picture should not jeopar-
dize the secondary and/or tertiary fractures. The expected 
junctional kyphosis, especially at the proximal part of the 
stabilized segment, is a well-known complication in ver-
tebral fractures. Proximal junctional kyphosis has been 
reported at a rate as high as 26% and is more common in 
the thoracic region after corrective surgery for long seg-
ment vertebral deformities [15]. A caudal junctional ky-
phosis might also rarely develop distal to the stabilization 
system [16]. A biomechanical overload on the secondary 
fracture should not be overlooked since a stabilization 
system involving the primary fracture might jeopardize 
the secondary fracture when there are fewer than 2 intact 
vertebrae in between. To our knowledge, the length of the 
stabilization system needs to be precisely planned to dis-
tribute biomechanical loading and to preserve the present 
mechanics of the already fractured secondary lesion. 

Conclusions

The spinal column should be scanned to rule out a sec-
ondary or tertiary vertebra fracture in vertebral fractures 
due to high-energy trauma and severe injury. In MNSF, 
each fracture should be separately evaluated for decision 
of surgery and planned approach needs particular care. In 
MNSF with ≤4 intact vertebrae in between, stabilization 
of one segment should prompt the involvement of the 
secondary fracture into the system. 
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