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Introduction

ircumferential compression of the pelvis has been rec-

ommended for emergent stabilization of open-book

pelvic fractures to reduce the risk of life-threatening
hemorrhage™. However, little information on the application,
effectiveness, and safety of this procedure is available to date™".
We therefore investigated noninvasive stabilization of pelvic
ring fractures in three cadaveric biomechanical studies. First,
we established optimal application parameters for circumfer-
ential compression of open-book pelvic fractures. Second, we
derived the amount of pelvic stabilization that can be achieved
by application of a novel pelvic sling that provides for con-
trolled circumferential compression. Finally, we determined
whether this pelvic sling could be applied safely at the emer-
gency scene, where the specific pelvic fracture pattern is not
readily assessable. The results of this research demonstrate
that circumferential compression with this noninvasive pelvic
sling is an effective and safe method for reducing and stabiliz-
ing open-book pelvic fractures at the emergency scene.

Methods
pplication Parameters: A cadaveric study was performed
to determine the most effective application site and the
force required to reduce open-book pelvic fractures. Partially
stable and unstable open-book pelvic fractures (Young-Burgess
type-I1 and III anteroposterior compression fractures associ-

ated with a 50 and 100-mm diastasis of the symphysis pubis,
respectively) were created sequentially in seven nonem-
balmed human cadavers from individuals with an average age
at death of 80 + 7 vears, an average height of 170 £ 9 cm, and
an average weight of 74 +.8 kg. An experimental pelvic sling
consisting of a 50-mm wide, flexible, nonelastic belt was de-
signed. This sling was applied at three distinct transverse levels
(levels I, 1I, and TII), extending from the symphvsis pubis to
the iliac crest (Fig. 2). Pelvic reduction was determined with
use of a symphysis contact sensor. The quality of reduction
was determined with use of three-dimensional-motion track-
ing sensors mounted on each hemipelvis. The required sling
tension was measured with use of a load cell.

Efficacy Evaluation: The pelvic stabilization achieved with
use of the noninvasive pelvic sling was compared with that
achieved with use of invasive stabilization alternatives in a
study of eight nonembalmed human cadavers from individu-
als who had an average age at death of 73 * 8 years, an average
height of 174 £ 8 ¢m, and an average weight of 69 + 17 kg.
Unstable unilateral open-book fractures (Young-Burgess type-
[l anteroposterior compression fractures associated with a
100-mm diastasis of the symphysis pubis) were created. Stabi-
lization was provided first with use of the pelvic sling, which
was applied around the greater trochanters and tensioned to
180 N. Subsequently, stabilization was provided with use of
a posterior pelvic C-clamp and an anterior external fixator
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Fig. 1

Open-book pelvic fracture models. a, Uni-
lateral partially stable Young-Burgess type-ll
anteroposterior compression fracture. b,
Unilateral unstable Young-Burgess type-lll
anteroposterior compression fracture.
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Fig. 2
Application of the pelvic sling with sling
tension (F) at transverse levels |, II, and
11, extending from the symphysis pubis
to the iliac crest.

sling
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(Synthes, Paoli, Pennsylvania). Stability was assessed in terms
of the internal-external rotation and flexion-extension rota-
tion of the unstable hemipelvis in response to defined stress
(9-Nm internal-external rotation and flexion-extension mo-
ments) (Fig. 3).

Safety Assessment: The potential for harm due to emer-
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Fig. 3

7 a, Stability assessment of open-book frac-

7 tures. Defined rotational stress (M M. el
induced rotation of the unstable hemipelvis

(O enr O e) D, Safety assessment of lateral

IR/ER?

compression fractures in terms of internal ro-
tation () and pelvic inlet area (A).

gent application of a pelvic sling to unidentified pelvic frac-
tures was assessed with use of eight human cadaveric full-body
specimens. A worst-case scenario was modeled by application
of the pelvic sling to unstable Young-Burgess type-1I lateral
compression fractures. The pelvic sling was applied and ten-
sioned to 180 N at the greater trochanteric level. Three-

Fig. 4

Sling tension required to achieve complete
reduction of the diastasis of the symphysis
pubis associated with Young-Burgess type-li
and Il anteroposterior compression fractures,
shown for three distinct levels of application
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Before sling application

dimensional-motion tracking sensors were attached to each
hemipelvis to assess pelvic ring collapse in terms of the inter-
nal rotation of the unstable hemipelvis (Fig. 3). Inlet radio-
graphs were made to measure the corresponding decrease in
pelvic inlet area.

Results

eduction with use of the pelvic sling required signifi-
R cantly less tension at level I compared with levels 11 and
[T (Fig. 4). At level I, average sling tensions of 177 + 44 N and
180 + 50 N were required to yield complete reduction of type-
IT and I1T anteroposterior compression fractures, respectively
(Fig. 5).

After sling application
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Fig. 5

Young-Burgess type-lll anteroposterior com-
pression fracture before and after application
of the pelvic sling at level |, demonstrated for
one cadaveric specimen.

Application of the pelvic sling significantly stabilized the
open-book pelvic fractures, as evidenced by 61% and 55% de-
creases in pelvic instability in response to internal-external ro-
tation and flexion-extension stresses, respectively (Fig. 6). The
stability provided by the noninvasive pelvic sling was directly
comparable with that provided by the posterior pelvic C-
clamp. However, the pelvic sling provided only one-third of
the flexion-extension stability and one-tenth of the internal-
external rotation stability as compared with the anteriorly ap-
plied external fixator.

Application of the pelvic sling to lateral compression
fractures after passive relaxation caused a mild increase in pel-
vic inlet area and internal rotation to 10.0 £ 8.2% and 12.4 +
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Fig. 6
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fracture before and after stabilization
with a pelvic sling, a C-clamp, and an
external fixator.
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Fig. 7

Pelvic ring collapse of a Young-Burgess
type-ll lateral compression fracture in
terms of pelvic inlet area decrease (AA)

and internal rotation («, ) at the time of
fracture, after passive relaxation, and after

pelvic sling application.
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9.1°, respectively (Fig. 7). The increases in pelvic inlet area and
internal rotation due to application of the pelvic sling to the
relaxed lateral compression fractures were not significant, and
the measured values were more than four times smaller than
those associated with the maximal displacement observed af-
ter fracture creation.

Discussion

Early reduction and stabilization of open-book pelvic frac-
tures is recommended to reduce the risk of life-threatening

hemorrhage™". The results of this study suggest that, for opti-

mal reduction of open-book pelvic fractures, a pelvic sling

should be applied around the greater trochanters and the sym-

physis pubis and should be tensioned to 180 N. The pelvic

Fig. &
Pelvic sling prototype for clinical trial use.

sling provided significant stabilization, but it provided less
stability than an anterior external fixator did. The sling, there-
fore, is well suited for temporary stabilization of the acutely
injured patient prior to and during patient transport or trans-
fer. As the pelvic sling did not cause a significant overreduc-
tion of the unstable lateral compression fractures, it may be
applied safely at the accident scene before patient transport.
This conclusion is based on and limited to a specific and con-
trolled pelvic sling application. Currently, such a pelvic sling
with integrated tension control is being used in clinical trials
at two level-1 trauma centers to document the amount of re-
duction and stabilization achieved in a controlled clinical set-
ting (Fig. 8).

In conclusion, circumferential pelvic compression by
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means of the pelvic sling is an effective, noninvasive, and safe
stabilization approach that is well suited for emergent, tempo-
rary management of open-book pelvic fractures at the acci-
dent scene. m .
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