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Introduction: Instable pelvic fractures are associated with significant hemorrhage and shock. Instability of the
pelvic ring should be tested with the manual compression test (MCT) and instable pelvic ring fractures should
prompt mechanical stabilization. However, the accuracy of the prehospital MCT in patients, that sustained a
high energetic trauma, is still unknown.
Setting: Radboudumc Nijmegen, level 1 trauma center, the Netherlands.
Methods: This prospective blind observational study included all patients after a high impact blunt trauma
treated by an experienced Helicopter Emergency Medical Service (HEMS) physician. Nominal arranged ques-
tionnaires were filled in by the HEMS physician prior to the radiological examination of the patient.
Results: We included 56 patients of which 11 sustained a pelvic ring fracture. 13 patients were treated with
pelvic compression devices, of which only five patients had a pelvic ring fracture. Prehospital performed clini-
cal examination by the HEMS physicians had an overall sensitivity of 0.45 (95% CI 0.16-0.75) and a specificity
of 0.93 (95% CI 0.29-0.96).
Conclusion: Pelvic ring instability cannot accurately be diagnosed in the prehospital setting, based on the
MCT. The use of the pelvic binder should standard in high impact blunt trauma patients, independently of the
MCT or trauma mechanism.
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After the introduction of Advanced Trauma Life Support in 1980,
clinical examination of pelvic ring stability is warranted in the pri-
mary survey.1,2 In patients with injuries after blunt trauma, 5% to 16%
sustain pelvic ring injuries, which results in a mortality rate of 5% to
50%.2-5 This is primarily caused by hemorrhagic shock.3,5 Theoreti-
cally, reduction and stabilization of the pelvic ring can reduce the vol-
ume of the small pelvis and thereby improve the tamponade effect
on the hemorrhage arising from the bone or the venous plexus.3,5-7

The sooner the bleeding is controlled, the greater the chance of avoid-
ing hypothermia, coagulopathy, and acidosis associated with trauma
patients.2,5

Pelvic ring stability is assessed by manual compression of the iliac
crest.4,8,9 If no instability is found, manual distraction of the pelvis is
performed by pushing the iliac crest outward with both hands.4 Insta-
bility is suspected when the patient complains of pain on compres-
sion or when movement of the pelvic ring is detected. However, it is
proven to be difficult to assess pelvic stability in polytraumatized
patients, especially in the unconscious patient.8-10 A potential dan-
gerous complication of manipulating the pelvis is that formed blood
clots can be dislocated, resulting in further blood loss.11,12

In the prehospital setting, acute management of instable pelvic
ring fractures consists of emergency reduction by circumferential pel-
vic binding devices.11,13 Circumferential pelvic binding devices are
fast, safe, simple, and also proven to be effective in reducing the pel-
vic volume and thereby improving hemodynamics.3,14-16 A binding
device is standard equipment on ambulances and the helicopter
emergency medical service (HEMS) throughout the Netherlands. The
application of a pelvic binder has become standard care for trauma
patients with suspected pelvic fractures.5 However, a previous
study showed that a prehospital pelvic binder was applied in only
16% (87/537) of patients with a pelvic ring fracture.7

The present prospective study aims to establish the diagnostic
accuracy of the prehospital clinical examination of the pelvic ring by
a HEMS physician, guiding for therapeutic intervention by a pelvic
binder.

Methods
This prospective observational study was conducted in the Rad-

boud University Medical Center Nijmegen, a level 1 trauma center in
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Figure 1. Flowchart showing inclusion of patients for analysis.

E.A.P. van Leent et al. / Air Medical Journal 38 (2019) 294−297 295
the Netherlands. Patients were enrolled from May 2015 until Decem-
ber 2016. Data were collected using nominal questionnaires that
were completed by the attending HEMS physician after transferring a
patient to the emergency department (ED). A total of 56 patients took
part in this study.

All included patients sustained a high-energy blunt trauma and
had an Injury Severity Score > 16. An on-scene examination of the
pelvic ring was conducted by the attending HEMS physician in all
patients. All included patients were ≥ 18 years and had an indication
for radiologic examination of the pelvis. In all patients, a computed
tomographic (CT) scan of the pelvic ring was obtained. After presenta-
tion at the ED, the HEMS physician completed the questionnaire
Table 1
Patient Characteristics

Fracture

n Mean

Sex Female 3
Male 8

Age (years) 41.9
(SD = 22.6)

Trauma mechanism Traffic accident 8
Fall from height 1
Crush 2
Sport 0

Pelvic binder Yes 5
No 6
Unknown 0

Tile classification Tile A 4 (2b)
Tile B 5 (3b)
Tile C 2 (1b)

aP value calculated with the Fisher exact test.
bUndiagnosed pelvic fractures during clinical examination.
concerning his prehospital clinical examination before a pelvic CT
scan or pelvic x-ray was made.

Patients were excluded if they were under the age of 18 years, had
a history of pelvic fracture(s), or had no indication for CT imaging.
Also, patients were excluded when the HEMS physician did not
examine the patient by himself or when the HEMS physician knew
the radiologic examination outcome before completing our question-
naire. Lastly, incomplete questionnaires were excluded as well
(Fig. 1), resulting in a diverse population with a high level of suspicion
for pelvic ring fractures.

All patients gave (indirect) informed consent. The nominal
arranged questionnaires contained information on the trauma mech-
anism, vital and neurologic parameters (clinical classification of
hemodynamic instability, Glasgow Coma Scale [GCS], and Alert,
Verbal, Pain, Unresponsive [AVPU] scale), the manual compression
test (MCT), and the use of a pelvic binder. The MCT was considered to
be positive when pain and/or instability of the pelvis was found and a
pelvic ring fracture was suspected. Neurologic impairment was
defined as GCS ≤ 13 and/or AVPU scored verbal or lower. Hemody-
namic instability was scored with clinical signs of shock based on
heart rate (> 100 beats/min) and/or systolic blood pressure (< 90 mm
Hg). Furthermore, for the purpose of this study, pelvic ring fracture
was classified according to Tile.

The decision to apply the pelvic binder (T-POD; Pyng Medical,
Richmond, BC, Canada), was made by the HEMS physician prehospi-
tally based on clinical examination and/or the mechanism of trauma.
Clinical examination was performed conforming to the Advanced
Trauma Live Support guidelines (Trauma Programs, Chicago, IL) and
included the MCT. If needed, additional information including patient
characteristics, neurologic status, and the conclusions of the CT scan
were collected from our electronic patient files.

The statistical analysis was performed using SPSS 25.0 (IBM Corp,
Armonk, NY). The diagnostic accuracy was determined by calculating
the sensitivity, specificity, positive predictive value (PPV), and nega-
tive predictive value (NPV) and their 95% confidence interval (CI).
This study was approved by the local medical ethics committee.

Results
From May 2015 until December 2016, 56 patients enrolled in this

study. Patient characteristics are listed in Table 1. The mean age was
49.3 (standard deviation = 20.1) years, and 70% of the included
patients were men. Thirteen patients died after admission in the
No fracture

n Mean n Mean P Valuea

14 17
31 39

1.00
51.1
(SD = 19.2)

0 49.3
(SD = 20.1)

.18

27 35
15 16
0 2
3 3

.03
8 13

36 42
1 1

0.17



Table 2
The influence of trauma-related characteristics on pelvic ring fracture suspicion

Pelvic fracture

Yes No Sensitivity Specificity PPV NPV

Clinical
examination

Fracture suspected Yes 5 3
No 6 42

Total 0.45 (95% CI, 0.16-0.75) 0.93 (95% CI, 0.86-1.01) 0.63 (95% CI, 0.29-0.96) 0.88 (95% CI, 0.78-0.97)
MCTa Fracture suspected Yes 3 1

No 7 43
Total 0.30 (95% CI, 0.02-0.58) 0.98 (95% CI, 0.93-1.02) 0.75 (95% CI, 0.33-1.17) 0.86 (95% CI, 0.76-0.96)

GCSa ≤ 13 Fracture suspected Yes 3 2
No 2 26

Total 0.60 (95% CI, 0.17-1.02) 0.93 (95% CI, 0.83-1.02) 0.60 (95% CI, 0.17-1.02) 0.93 (95% CI, 0.83-1.02)
> 13 Fracture suspected Yes 2 1

No 3 15
Total 0.40 (95% CI, ¡0.03 to 0.83) 0.94 (95% CI, 0.82-1.06) 0.67 (95% CI, 0.13-1.20) 0.93 (95% CI, 0.66-1.01)

AVPU Unresponsive Fracture suspected Yes 1 0
No 3 16

Total 4 16 0.25 (95% CI, ¡0.17 to 0.67) 1.0 (95% CI, 1.00) 1.0 (95% CI, 1.0) 0.84 (95% CI, 0.68-1.01)
Alert, verbal,
or pain

Fracture suspected Yes 3 3
No 3 26

Total 0.50 (95% CI, 0.10-0.90) 0.90 (95% CI, 0.79-1.0) 0.50 (95% CI, 0.10-0.90) 0.90 (95% CI, 0.79-1.01)
HD instabilitya Yes Fracture Yes 4 2

No 4 7
Total 0.50 (95% CI, 0.15-0.85) 0.78 (95% CI, 0.50-1.04) 0.67 (95% CI, 0.29-1.04) 0.63 (95% CI, 0.87-1.02)

No Fracture Yes 1 1
No 2 33

Total 0.33 (95% CI, −0.20 to 0.87) 0.97 (95% CI, 0.91-1.03) 0.50 (95% CI, −0.19 to 1.19) 0.94 (95% CI, 0.83-1.02)

AVPU =; CI = confidence interval; GCS = Glasgow Coma Scale; HD = hemodynamic; MCT =manual compression test; NPV = negative predictive value; PPV = positive predictive value.
a Values scored as “unknown” are not presented and calculated in the 2£ 2 table.
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hospital, mostly because of traumatic brain injury. Only 3 deceased
patients had a pelvic ring fracture.

Of the included 56 patients, 11 (20%) patients had a pelvic
ring fracture. Classification according to Tile resulted in 4 Tile A−,
5 Tile B− (all Tile B2), and 2 Tile C−type fractures. Thirteen patients
were treated with a pelvic binder in the prehospital phase; only 5
patients acutely sustained a pelvic ring fracture. Of the 5 patients with a
pelvic ring fracture and a pelvic binder applied, only 1 had on-scene
signs of a pelvic ring fracture like a Morel-Lavall�ee lesion and/or a geni-
tal hematoma. The MCT was positive in only 3 of these patients.

The overall accuracy of the prehospital clinical examination
showed a sensitivity of 0.45 (95% CI, 0.16-0.75) and a specificity of
0.93 (95% CI, 0.86-1.01). The PPV was 0.63 (95% CI, 0.29-0.96), and the
NPV was 0.88 (95% CI, 0.78-0.97) (Table 2).

A positive MCT was found in 4 of 56 patients, 3 of whom had a pel-
vic fracture, and in 7 patients with a pelvic ring fracture, the MCT was
negative. The reliability of the on-scene MCT showed a sensitivity of
0.30 (95% CI, 0.02-0.58) and a specificity of 0.98 (95% CI, 0.93-1.02).
The PPV was 0.75 (95% CI, 0.33-1.17), and the NPV was 0.86 (95% CI,
0.76-0.96) (Table 2). The sensitivity, specificity, PPV, and NPV of the
clinical examination in patients who were hemodynamically unsta-
ble, neurologically impaired (GCS ≤ 13), or unresponsive are also
listed in Table 2. Forty-nine percent of the patients with a GCS ≤ 13
were also unresponsive.

A pelvic binder was applied prehospitally in 13 patients (23.2%). In
6 out of 13 patients (46.2%), there was a clinical suspicion of a pelvic
fracture based on the MCT and/or the trauma mechanism. Seven
patients were in evident hemorrhagic shock and were treated with a
pelvic binder preemptively.

Discussion
This blinded prospective study was conducted to establish

the value of physical examination of the trauma patient after a
high-impact blunt trauma and to accurately diagnose a pelvic ring
fracture. The blinding of the attending physician makes this study
unique and shows the substantiated limitations of on-scene physical
examination.
Based on our results, it is apparent that it is difficult to rule out a
pelvic fracture at the accident scene in patients with a high-impact
blunt trauma with high suspicion of a pelvic ring fracture on physical
examination alone. In contrast to the meta-analysis conducted by
Sauerland et al,9 this study was performed on scene with neurologic-
and/or hemodynamic-impaired patients. This study surprisingly
showed a higher sensitivity of the MCT in patients with neurologic
impairment (GCS ≤ 13). History taking is complicated in polytrauma-
tized patients because of concomitant head injury or distracting
injury. Therefore, we separately calculated the results in unrespon-
sive patients because these patients cannot give an indication of pain
during the MCT. Then, we saw that the sensitivity and NPV, compared
with the overall results, were lower in these unresponsive patients.
Based on these results (Table 2), it can be concluded that clinical
examination of the pelvic ring is further obscured in patients with
neurologic deficit but to a lesser extent in patients with hemody-
namic deficit.

Furthermore, we concluded that a negative MCT does not rule out
a pelvic fracture. This warrants the conclusion that pelvic binders
should be standard care after high-energy blunt trauma regardless of
MCT, which corresponds with the study of Yong et al.8 The low accu-
racy of the MCT and the potential risks of it also confirmed that we
should use the pelvic binder with a low threshold.8,11,12

This study had several strengths and limitations. First, there was a
small population of only 56 patients included in this study. However,
our study represents a heterogeneous population of different kinds of
blunt trauma and shows the dilemma of decision making of the
HEMS physician in the prehospital phase. Second, because of the
urgency for the primary survey at the ED in this level 1 trauma center
and our strict inclusion and exclusion criteria, HEMS physicians could
not fill in all of the questionnaires. Despite these missing blunt
trauma patients, we believe that the included patients were a repre-
sentable small group of the blunt trauma patient because the a priori
chance for a pelvic ring fracture was still 20%. This incidence was in
agreement with previous studies in high-impact blunt trauma
patients.5 Third, because of the small population, the resulting low
sensitivity is possibly a sign of undertriage and the high specificity a
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sign of overtriage. Also, 2 patients (3.6%) were scored as unknown
during hemodynamic instability and MCT; these data were excluded
from the final analysis.

In summary, we can conclude that diagnosing a pelvic ring fracture
in the prehospital phase based on the MCT is not reliable. In this study,
we found a low sensitivity and PPV and a high specificity and NPV for
the clinical examination. We advise that every severely injured trauma
patient, independent of the trauma mechanism, should be given a pel-
vic binder to prevent ongoing bleeding from an undiagnosed pelvic
ring fracture. Manual testing of the pelvis is not reliable and potentially
dangerous and should therefore be abandoned in the prehospital
phase. Further research is needed to find out the accuracy of the MCT
in only unstable pelvic ring fractures in the prehospital phase because
these fractures are high risk for hemodynamic instability and shock
and could strengthen our presented results.
Supplementary materials
Supplementary material associated with this article can be found

in the online version at https://doi.org/10.1016/j.amj.2019.04.004.
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