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Do low profile implants provide reliable stability in fixing the
sternal fractures as a “fourth vertebral column” in sternovertebral
injuries?
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Background: Flexion and compression forces to the trunk can cause severe instability of the vertebral
column and the anterior chest wall, mostly associated with an unstable fracture of the sternum. In
combination, the worst case would be a complete disruption of the trunk. Some authors consider the
sternum-rib-complex to be the fourth vertebral column. This study discusses the possibilities to treat instable
trunk injuries with sternal fractures concomitant to vertebral spine fractures through anterior sternal plating
employing a locked plate osteosynthesis in a low profile design instead of the use of bulky implants.
Methods: 11 Patients suffering from at least one fracture of a vertebral body in combination with an
unstable sternum fracture were stabilized through a locked plate osteosynthesis in low profile design at the
sternum between November 2011 and October 2014. The vertebral spine injury was stabilized as well, if
necessary. Patients were followed up with a look at the consolidation of the fractures and the question if any
failure of the implants occurred.

Results: Anterior sternal plating was uneventful in all cases. All Sternal fractures showed sufficient
consolidation. No failure of implants has been seen during follow up over two years..

Conclusions: A locked plate osteosynthesis of a sternal fracture in low profile design seem to be an

appropriate option for stabilization of the sternum in combined sternovertebral injuries.
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Introduction of traumatic bone injuries with a mortality of 24-45%

o associated to concomitant injuries of thoracic organs and less
The sternal fracture (SF) as a posttraumatic injury can be

the result of different mechanical mechanism, usually due to caused by the sternal fracture itself (3-11). However, the most

direct impact force to the anterior chest wall most commonly frequently seen concomitant injuries are fractures of the ribs

related to road traffic accidents with 80% in the sense of a
high-velocity trauma (1,2). Sternal fractures are described
with a rare incidence of 3-8% out of the whole number
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and the vertebral column followed by pulmonary injuries (6).
The second mechanism for sternal fractures is described

due to indirect forces to the sternum resulting from a
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Table 1 Sternovertebral injuries—a selection of published trails
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Author Treatment of the sternum Outcome No. of patients
Mayba (19) Conservative Depression of manubriosternal junction, good bone consolidation, 2
Jones et al. (20) Primarily all conservative One patient with open reduction steel wires 4 weeks later after dislocation 9
Berg (3) Conservative Both with significant kyphotic deformity (T8, L2), sternum unknown 2
Lund et al. (21) Conservative Malunion of sternal fracture, progression of kyphosis thoracic spine 1
Labbe et al. (16) Conservative Consolidation in all cases of the sternum 11
Regauer et al. (22) Flexible intramedullary nailing ~ Consolidation, good functional outcome 1

Homagk et al. (1) 7 conservative, 4 sternal plates  Unknown

11

flexion and compression movement of the trunk with a
distinctive type of dislocation of the main sternal fragments.
The upper part of the sternum is considered to be involved
commonly with its typical dislocation posterior to the lower
part of the sternum in contrast to direct force injuries which
show a dislocation of the corpus sterni posteriorly in the
most cases (12).

Meanwhile, the combination of a sternal fracture and
the vertebral column, has been already described by several
authors in literature (12-16) with the highest incidence in
thoracic spine (21.6-38%), followed by the lumbar spine
(16.9-27%) (14,17).

Operative stabilization of thoracic and lumbar spine
injuries employ posterior instrumentation (51.8%), isolated
anterior stabilization (4.6%) and combined posteroanterior
procedures (43.5%) (18). This necessitates to be aware of
the different types of instability in a vertebral fracture.

Moreover the so called sternum and the rib-complex is
presumed to provide additional adjunctive stability in the
sagittal biomechanic as the rib cage stiffens the thoracic
spine (7able 1) (3). However there is no standardized
treatment strategy for the combined injury of the sternum
and the spine column (1). A wide range of therapy options
for sternal fractures has been published in literature but
the role of sternal fractures in the sagittal stability of the
trunk has not been addressed well (15). Nevertheless case
reports showed severe kyphotic deformities over the course
in fatigue fractures of the sternum and its osseous collapsing
concomitant to fractures of the thoracic spine column (18).

Possible options for the treatment of sternal fractures
include intramedullary techniques such as Kirschner wires,
elastic stable intramedullary nails (ESIN) and wire cerclages
which are not supposed to restore the stability of the
anterior chest wall from a biomechanical point of view in
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flexion and compression injuries. Moreover, complications
such as an intrathoracic migration of the wires have been
described (23). Since bulky implants may lead to discomfort
due to sparely soft tissue in front of the sternum, the
application of locked plates in a low profile design would
be favourable because of an association to a high patient’s
convenience (24) and should provide effectual stability as
well (25).

From a biomechanic point of view the vertebral body
fractures need to be stabilized in case of an involvement
of the posterior column which is mostly accompanied by
severe sagittal or even rotational instability which could
be managed through an posterior approach and sufficient
stabilization through an internal fixator (26,27). At the same
time the reduction of the usually overlapped and shortened
sternum will restore the sagittal alignment of the trunk and
subsequently relieve the pressure of the anterior part of the
vertebral body. Since the sternal fracture is supposed to be
unstable, open reduction with internal fixation employing a
locked plate should be the most effective procedure (28-30).

Methods
Study design and patients

A retrospective analysis was carried out on the patients taken
to our level I trauma center in the period from November
2011 to October 2014. Included were the patients who
had a fracture of the sternum. Two groups were built out
of them—SF without a concomitant vertebral fracture and
those with a combination of a SF and a vertebral fracture.
Those are well known as a sternovertebral injury (SVV). At
first the SVV had been divided into three subgroups: SVV
with cervical, thoracic and lumbar spine fracture. At second
four subgroups out of the SVV with the description of their
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Table 2 Patients who showed a sternal fracture in between 2011 Nov and 2014 Oct

Percentage

Length of hospital Paraplegia number

Number autorall SF/ ST s e, e sty ey e rrage ot
out of SW) stabw) out of subgroup)
Sternal fracture (SF) 103 100 50.5 58.4(10.1;94.6;20.1)  15.1 (1; 100; 16.8) 5 (4.9/-/-)
SF without vertebral fracture 71 68.9 47.9  59.7 (12.8; 94.6; 19.9) 9 (1; 52; 9.63) 0
SW 32 31.1 56.3 55.4(10.1;86.9;20.5) 26.7 (2; 100; 22.9) 5 (4.9/15.6/-)
SVV with cervical spine fracture 8 7.8/25.0 75 55.1 (29.0; 77.8; 16.4)  24.3 (2; 63; 22.2) 0
SVV with thoracic spine fracture 18 17.5/56.3 444  55.3(10.1;86.9;25.4) 30.2(2; 100;24.9)  3(2.9/9.4/16.7)
SVV with lumbar spine fracture 6 5.8/18.7 66.7 55,2 (42.0; 69.3; 9.4) 21.8 (5; 62; 21.3) 2(1.9/6.3/33.3)
SVV conservative treatment 10 9.7/31.2 50.0 60.9(10.1; 86.9; 22.1) 18.9 (2; 100; 31.3) 0
SVV only spine fixation 11 10.7/34.4 63.6 52.3(29.0;76.9;16.1) 27.3(11;63;18.1) 2(1.9/6.3/18.2)
SVV only sternal fixation 4 3.9/12.5 50.0 46.0(18.5; 74.3; 27.4) 19.8 (9.0; 27.0; 8.5) 0
SVV sternal and vertebral fixation 7 6.8/21.9 571 57,9(19.2;85.7;22.2) 40.7 (15;62;17.2) 3(2,9/9,4/42,9)

Sternovertebral injuries (SVV) obviously stayed a longer time in hospital. SVV mainly occured with involvement of the thoracic spine. The
treatment could be conservative or with the only operative fixation of the spine or the sternum. Seven cases were treated operatively
with a fixation of both injuries -the sternum and the vertebral column. Those were the patients with the longest hospital stay and the

highest rate of paraplegia.

treatment had been build: conservative treatment, only spine
fixation, only sternal fixation and the patients who were
stabilized at the sternum and the spine at the same time.

Each of the subgroups is described by their number of
patients, their percentage compared to the main group as
well as gender, age, length of hospital stay and the number
of patients suffering from paraplegia due to the current
injury (Table 2).

A special dedication had been given those with the need
of an operative stabilization of the sternum and who were
suffering from a vertebral spine injury at the same time.

The defined exclusion criteria in these two subgroups
(SVV only sternal fixation (n=4; 2 female) and SVV sternal
and vertebral fixation (n=7; 3 female)) were patients where
the follow-up examinations were not executed (Tables 2,3).
SF without concomitant vertebral fracture were not
followed up in this study.

Investigations

All of the patients in the SVV group received a whole-body
computed tomography in multisliced technique (“Trauma-
Scan”) (Somatom definition AS+, 128 slice, Siemens,
Munich, Germany) with a slice thickness of 1.5 mm and
multiplanar reconstruction not to miss any concomitant
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injury. The fractures of the sternum and the vertebral
body were precisely checked for instability and they were
subsequently typified following the AO spine classification.

The angulation of ground plate to cover plate of all
fractured vertebrae identified in initial CT-scan were
determined. The patients were in a supine position during
the CT scan.

Furthermore the patients were examined for neurological
deficits.

Management of the vertebral spine

The vertebral spine injuries had been treated following the
recommendations of the AO foundation (31,32). Either
conservatively, only dorsal instrumentation or in a dorsal
and additional ventral procedure.

Simple wedge or impaction fractures (AO subtype Al)
were treated either conservatively or by kyphoplasty.

Fixation of the sternum

Along the lines of the vertebral fractures, the sternal fractures
were checked for any displacement and instability as well.
After a precise clinical examination, the morphology of the
sternal fracture and their exact localization were determined

7 Thorac Dis 2017;9(4):1054-1064
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in the CT Scans following a standard algorithm (9).

The indication for an operative procedure was set by
a senior surgeon following the suggestions from Harston
(Table 4) and had been approved by the head of the
department in each case (30).

The procedure was carried out under general anesthesia
while the patient was in a supine position. The procedure
has been performed as soon as possible after the trauma
in patients under stable conditions whereas a stabilization
of the trunk was carried out after the recovering from life
threat in the patients who were suffering from a polytrauma.

The sternum was stabilized through an open median
approach and an anterior locked plate osteosynthesis in a
low profile design (Matrix Rib® 1.5 mm thickness, 2.9 mm
diameter of screws; DePuy Synthes CMF, Switzerland)
following a standard protocol of our department (9). After

Table 4 Possible indications for surgical stabilization of sternal
fractures, according to Harston [2011, (30)]

Indications for sternal stabilization

Severe or persistent pain

Respiratory failure or dependency on mechanical ventilation
Shifted, overlapping or impacted fractures

Deformity or instability of the sternum

Nonunion

Hunched posture and restricted movement of the trunk

Krinner et al. Sternal plating in sternovertebral injuries

the elevation of the posterior depressed fragment, the
fracture could be reduced exact and subsequently the plate
has been fixed with at least three screws to each fragment
in order to fix it properly. The screws were fixed in a depth
limited drilling technique to avoid mediastinal injuries (29)
(Figure 1).

Follow up

All out of the SVV patients were followed up immediately
postoperative as well as after one, two, six and twelve weeks.
Furthermore the patients were followed up after one and two
years additionally. At each time, a clinical examination was
carried out including a neurological follow up as well as an
X-ray of the spinal column and of the thorax in two planes
with a focused look to the consolidation of the fractures and
the alignment of the spine column in the sagittal plane while
the patient was in standing or in a sitting position.

Statistics

Descriptive statistical analysis was performed by means of
Excel® (version 2013, Microsoft Corp., Redmond, USA).

Results
Patients

103 patients showed a fracture of the sternum in the
observation period (Table 2). Out of them 32 suffered a

Figure 1 Anterior sternal plating. (A) The thickness of the sternum is taken once the median approach has been made; (B) the main

fragments are reduced to an anatomical level; (C) the first plate has been fixed to the depressed fragment first; (D) two parallel plates in a low

profile design provide sufficient stability. Each of the fragment has been fixed with at least three screws.

© Journal of Thoracic Disease. All rights reserved.
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n=11 Mechanism of accident
36.4% 36.4% 40%
4 - 35%
- 30%
3 | 25%
18.2% | 20%
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accident (tra) (>3 m) (>3 m)

Figure 2 Mechanism of accident in SVV with displaced sternal

fracture and consecutive fixation.
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Figure 3 Combinations of displaced sternal fractures and concomitant

vertebral spine fracture (n=11)—multiple fractures are included.

combined injury of the sternum and the spinal column.
Tuble 2 shows the main collective in detail as well as the
SVV group and its different subgroups. Total of 11 Patients
were fixed at their SF—4 in an isolated procedure and 7 in a
combined fixation of the SF and the spine injury.

The different trauma mechanisms of the SVV with any
sternal fixation were road traffic accidents, high falls (>3 m),
low falls (<3 m) and burying by debris avalanche in one case
(Case number 6) (Table 3,Figures 2,3).

All of those patients survived until now.

© Journal of Thoracic Disease. All rights reserved.
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Procedure

Stabilizing combined injuries of the sternum and the spine
column took 39.1 min for the sternal fixation itself and
176 min for combined procedure including the operative
treatment which was needed to all concomitant injuries.
The spinal injury has been treated first in all cases, followed
by the sternal stabilization and stabilization of concomitant
rib fractures in 3 cases (pat. 3, 6, 7) (Table 5).

The patients could be mobilized the day after the
operation except those showing paraplegia (pat. nr. 4, 5, 6).
The duration of hospitalization ranged from 10 to 59 days
with a mean hospitalization time of 31 days (SD =17.1 days)
which emphasizes the severity of the combined injuries.

Vertebral injuries und neurologic status

The thoracic spine was involved in 9 cases, the thoracolumbar
spine (each involving L.2) in three cases whereas 7 out of
these patients showed multiple fractures at multiple levels,
which were adjacent to each other involving the thoracic
spine. There was no fracture with involvement of the lumbar
region seen as well as none with involvement of multiple
regions of the spinal column (7zble 3,Figure 3).

Three out of the patients showed paraplegia below
the fractured vertebra (pat. No. 4, 5, 6), two of them
incomplete (Case number 5, 6), whereas the other patients
remained neurologically intact. All of these three patients
were followed at least 24 months up to now. Patient nr.
6 improved to normal neurologic status (ASIA E) in between
6 weeks after operative stabilization whereas patient patient nr.
5 improved from ASIA B to ASIA D at the time of 12 months
after the accident with only minor residual sensory deficit of
the lower legs. Patient 4 remained paraplegic but he became
able to move to a wheel chair and to drive it independently.

The patients without any neurologic deficit returned to
normal life without any limitation in their mobilization. None
of them complained about any pain during the follow up.

Any patient showed an anatomic alignment of the
vertebral column without secondary dislocation or acquired
sagittal deformity caused by further vertebral compression
(Figure 4).

All out of the vertebral fractures showed a satisfactory
consolidation after 6 weeks and a completely consolidation
after 12 weeks. The sagittal profile was examined from a
clinical point of view since an X-ray of the whole spine
column was not included in the local standards.

7 Thorac Dis 2017;9(4):1054-1064
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Table 5 Overview: procedures and their operation time

Krinner et al. Sternal plating in sternovertebral injuries

OR time sternum OR time overall

Case number

Management of the spinal column Additional operation treatment

(min) (min)

1 40 120 Fixateur interne spine Th3-Th6 None

2 32 106 Fixateur interne spine Th4-Th6 None

3 28 225 Fixateur interne spine L1-L3; ORIF rib 2 and 3 plate; ORIF plate
proximal tibia

4 33 215 Fixateur interne spine Th2-Th4/5  Spinal cord decompression

Ventral Fixateur Th2-Th4

5 43 379 Fixateur interne spine L1-L3 Spinal cord decompression; ORIF
plate+screws ankle; skull trepanation;
chest tube

6 36 482 Fixateur interne spine Th7-9 ORIF plate severe bilateral flail chest,
explorative laparotomy

7 25 57 Conservative ORIF ribs 3 and 4

8 69 69 Conservative Bone graft sternum (allograft)

9 22 95 Kyphoplasty L2 CRIF ESIN clavicle

10 35 75 Conservative ORIF plate clavicle

11 67 115 Conservative Th4/5/6 Bone graft sternum (iliac crest), ORIF ribs

Mean (min/max/sd) 39.1 (22/69/15.4) 176 (57/482/138.9)

3-5 plate

OR, operation; ORIF, open reduction and internal fixation; CRIF, closed reduction and internal fixation.

Sternal injury

The sternal fractures were located at the manubrium in
4 cases, at the angulus sterni in 3 cases and at the corpus
sterni in 7 cases (Table 3,Figure 3). Four out of these patients
(Case number 2, 3, 6, 8) showed fractures at two levels of the
sternum. Injuries involving the angulus sterni were caused
by a downfall in all cases (Case number 1, 4, 5) and showed
severe dislocation in each case.

Anterior sternal plating as well as the stabilization of
the spine was uneventful in all cases without any implant
failures. All of the sternal fractures showed sufficient
consolidation without any sign of secondary dislocation or
spontaneous collapse of the anterior chest wall following
the osteosynthesis. The follow up after 6 weeks showed
callus formation at the sternum in all cases and a complete
consolidation of the fracture after 12 weeks in all cases.

Concomitant injuries

Concomitant injuries involving the thoracic cage as well as
any others are shown in 7able 3. Multiple rib fractures were

© Journal of Thoracic Disease. All rights reserved.
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commonly seen (n=9) accompanying the sternovertebral
injury, 5 patients suffered from them bilaterally, one of
them (Case number 6) showed a severe bilateral flail
chest injury due to a crush in conjunction with burying.
One patient (Case number 2) sustained a Stanford B-type
aortic dissection with an intramural hematoma, which was
followed up and treated conservatively.

Discussion

Almost one third out of the patients with SF showed a
combined SVV which involved the thoracic spine in more
than the half of those patients. Approximately one third
out of the SVV were treated conservatively, one third
received an exclusive fixation of the vertebral injury whereas
a fixation of the sternal fracture had been carried out in
another third of the patients with SVV. Those patients with
the combined fixation of the sternum and the spine had an
exceedingly longer stay in hospital which is accompanied
by their higher number and severity of the concomitant
injuries (Zables 2,3,5).

Combined SVV injuries mostly result from a flexion-

7 Thorac Dis 2017;9(4):1054-1064
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Figure 4 Radiography of the initial injury and after operative treatment. (A) Dislocation of angulus sterni; (B) anatomical reduction after

anterior plating; (C) chest X-ray postoperative shows two sternal plates and chest tubes bilateral; (D) unstable fracture of L2; (E) internal

fixator L1-L3 lateral view; (F) anterior-posterior view; (G) the alignment of the trunk has been restored through a combined stabilization of

the sternum and the spinal column.

compression mechanism which induced tremendous force
impact to the trunk (2,15).

Whilst in 1905 no procedures of sternal stabilization were
known yet, Fowler fixed the reduced sternum with a K-wire
which was placed transcutaneously (12,33). Meanwhile
anterior sternal plating has been described as the most reliable
procedure since it can be performed following a standard

© Journal of Thoracic Disease. All rights reserved.
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sequence with high safety and dangerous dislocations of wires
intrathoracally are eliminated. At the same time the method
of depth limited drilling minimizes the risk of intrathoracal
or mediastinal lesions and appropriate plates can be chosen
through preoperative planning by computed tomography (9)
(Figure I). Once the sternal fragments have been reduced
anatomically the plates provided enough stability at the

7 Thorac Dis 2017;9(4):1054-1064
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anterior chest wall, even though they were manufactured in
a low profile design (Figures 1,4B,4G). Bottlang focussed on
this issue and described the low profile plates to be stable
enough while providing some elasticity which induces
callus formation and thus accelerates the bone healing (25).
Furthermore locked plates with the principle of an internal
fixator show the advantage of minimized plate-bone contact
and thus they preserve the periostal blood supply (34). In
contrast, other reconstruction plates such as pelvic recon
one for example provide more stability but they don’t
provide any elasticity.

Our experience illustrates the efficacy of the low profile
plates without any material failure whereas all out of the
patients showed full consolidation of the sternal fracture in
between 12 weeks. Moreover the procedure of the sternal
fixation could be carried out in a pretty short time (39.1 min;
22-69 min) compared to the overall operation time (176 min;
57-482 min; Table 5) which includes the treatment of all of
the concomitant injuries.

Surgical fixation of sternal fractures has a very low number
of complications intraoperative as well as postoperative
(29,35). Raman er al. investigated proportion of patients
with nonunion of the sternum. They saw significant
lower non union of the sternum with rigid plate fixation
than with wire cerclage. The hypothesis is that a higher
biomechanical stability leads to a better bone healing (36).
It is obvious that a conservative treatment of sternum
fractures has the lowest mechanical stability of all.

All out of the sternal fractures in SVV showed the typical
type of dislocation with an override of the corpus atop the
manubrium which is consistent to the ones Tarnowsky
[1905] and Fowler [1957] reported yet (12,33) (Figure 4A).
In consequence the trunk lost its stability in the sagittal
plane due to a destruction of the anterior chest wall what
subsequently frequently cause concomitant injuries of the
vertebral spine in strong impacts to the trunk (12). Current
trails show an incidence of 21.6-38% (14,17) as shown
introductorily.

Fowler described the types of sternal fractures depending
to the force the thoracal complex is exposed to. In
opposition to a direct trauma against the anterior chest wall
an indirect force is transmitted there through a flexion and
compression mechanism of the trunk. Falling on the back
and high speed motor vehicle crashes with the passenger’s
ejection out of the vehicle are described as the main
common reasons for indirect sternal fractures alongside
an impact to the neck caused by falling down objects such
as hay bales (12,19,33). Our study presents homogeneous
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causes with falls and high velocity injuries involving motor
vehicles (1able 3,Figure 2). Likewise, patient 6 was buried
from debris avalanche and subsequently his trunk was
strongly hyperextended and distracted which has been
survived in rare cases.

The significance of the stability of the anterior chest wall
was recognized by several authors before as it stiffens the
thoracic cage and the thoracic spine indirectly (2,3,15) (Zable 1).
Hence the anterior chest wall, inparticular the sternum
and rib complex were considered to act like a fourth
vertebral column in the stability of the trunk (3). Once
it lost its stability the vertebral spine might be affected
from significant more pressure and the subsequent risk of
kyphotic deformation due to vertebral fractures.

In the case of a burst fracture of the vertebra from a
biomechanical point of view the center of rotation at the
vertebral spine are the facet joints (37). Once the vertebral
body suffers from a burst fracture a ventral stabilization is
strongly recommended, such as performing vertebral body
replacement through an anterior approach and usually
employing a cage system.

All patients in our study who were fixed at the sternum,
except one, showed a decrease of kyphotic angulation of the
fractured vertebra after operative treatment in the control
scan 6 weeks later. One patient (nr. 7) with the increase of
angulation underwent no dorsal or ventral stabilization of
the injured vertebra because he was suspected not to be
suitable for a prone position due to a severe pulmonary
disease. Furthermore he suffered from a barrel chest which
may lead to an increase of kyphosis in standing or sitting
position in comparison to the posttraumatic x-ray which
were taken in a supine position.

However, all of these patients showed adequate
restoration of their shape of the trunk without any
hunched posture. None of them showed any deformity
of the anterior chest wall due to a displaced sternum or
even a restriction of respiratory chest wall movements.
For this reason none of the patients complained about
any pain during the follow up. While the patients without
any neurologic deficit returned to normal life without
any limitation in their mobilization the two patients who
showed incomplete paraplegia improved their neurologic
status after the procedure. The one patient who showed
complete paraplegia could be rehabilitated to a self-
determined in independent mobilization in a wheel chair.
Driving this wheel chair it might be important to perform
powerful movements with the arms which became possible
under the basic condition of a stable thoracic cage without
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any pain or even hunched posture from a dislocated fracture
of the sternum and the vertebral column.

This study was carried out with the objective to discuss
a possible treatment strategy for patients suffering from
a combined sternovertebral injury with the focus on the
role of the sternal stability and its management through
low profile locked plate osteosynthesis in case of unstable
fractures.

Conclusions

Potential complications associated to a sternovertebral
injury in patients after blunt thorax trauma are reduced
to a minimum through this algorithm. Once the thoracic
vertebral column had been involved to an injury concomitant
to a sternal fracture the combination of fractures had
been evaluated for possible instability. Any instable sternal
fractures had been stabilized through two locking plates in
parallel and the vertebral column had been stabilized at the
same time following the AO rules.
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