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Abstract

Background: Pelvic fractures carry a huge burden on the current health care system and it has a high morbidity and mortality. The
survivors carry a huge burden of complications which can have a lifetime implication, it is therefore imperative to understand the
fracture pattern and plan for appropriate care which could be a key in optimal care of these critically injured patient. The classical
classification system used for these fractures need to be adapted according to the mechanism of injury and severity of trauma which

should also guide in decision making process.
Methods: In this retrospective study all pelvic trauma patients who attended Salford royal NHS foundation from 2015 to 2018 were
retrieved then the patterns of fractures and mechanism of injury were analysed and correlated.

Results: Combined pelvic ring and acetabular fractures [5] can be sub-categorised into three groups according to mechanism of

injury and fracture patterns:

¢ Type 1: Road traffic collision causes fracture involving anteroposterior compression (APC) 1, 2, 3 along with Anterior wall
(AW), Anterior Column (AC), associated both columns (ABC) variety, lateral compression fractures are rare in RTC, hemody-
namic stability is dependent of grade of APC than acetabular fracture pattern and treatment can vary from non-operative to

complex surgeries.

¢ Type 2: Jumpers commonly sustain lateral compression (LC) and ABC pattern and have high Injury severity score (ISS) when
compared to RTC, majority of them are hemodynamically unstable and require blood products and more often end up in a

broad spectrum of pelvic surgery. Mortality rate is high, and we found nearly 30% of them die within 24 hours in our study.

* Type 3: Cyclers and pedestrians have an equal incidence of type 1 and type 2 fractures and rarely presents with a combina-
tion of type 1 and 2. ISS, blood transfusion and mortality are like type 1 and type 2 combined fractures and treatment must be

designed after a thorough understanding of fracture types. Often require complex surgery.

Keywords: Anteroposterior Compression (APC); Anterior Wall (AW); Anterior Column (AC); Associated Both Columns (ABC);
Lateral Compression (LC); Injury Severity Score (ISS)
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Posterior Wall; RTC: Road Traffic Collision; Mch: Master of Surgery
(Latin: Magister Chirurgiae); VS: Vertical Shear; PACS: Picture Ar-

chiving and Communication System

Introduction

Pelvic and acetabular fractures are a significant burden to exist-
ing trauma services we have undertaken a retrospective analysis
on combined fractures of pelvic ring and acetabulum at Salford
royal hospital and to understand in detail the fracture pattern in

combined pelvic trauma.

Combined acetabular and pelvic ring fractures still appear to
be a maze despite advances in orthopaedic surgery. There are no
proper guidelines for treatment of these injuries and evidence in
literature is limited owing to the rarity of the fracture. Based on lit-
erature review of available articles, it can be said that Injury sever-
ity score and mortality rates appear to be looking similar in most
of the studies but, fracture pattern in pelvic ring and acetabulum is
confusing and not well defined, this also raises a question of selec-

tion bias.

Only few studies have highlighted the modalities of operative
treatment but has not provided any subjective or objective out-
come measures and we also could not find any studies determining

the connection between mechanism of injury and fracture pattern.

Bearing in mind the poor surgical outcomes of pelvic ring frac-
tures [6] alone described in numerous literatures, an addition of
acetabular fractures has made the situation worse Our hypoth-
esis is the if a clear understanding of the fracture pattern could be
achieved, then it would help surgeons in making preoperative plan-
ning more clearly and to explain the risks of morbidity forehand to

the patients.

Aim of the Study

The aim of this study is to analyse various mechanism of injury
along with fracture pattern and injury severity scores of combined
pelvic ring and acetabulum [1,2] fractures which might be used for

better perioperative planning.

Research design
This study was done based on a scientific or a positivist ap-
proach. As described by Collins., et al. (2003) [4], this approach is

historically the mainstream of medical research.
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Our desired outcomes were investigated with a retrospective
cohort. All pelvic trauma patients who attended Salford royal NHS
foundation from 2015 to 2018 were retrieved from the trauma da-

tabase of the trust using A&E coding system.

A retrospective approach was adopted due to the unavailability
of an ongoing prospective database for this group of population,
secondly when the primary outcome was to investigate the frac-
ture pattern in combined injuries and findings its correlation with
demographics distribution, mechanism of injury, blood loss, Injury
severity Score, mortality and average length of stay, a retrospective

analysis allows for a cost efficient data collection.

Finally, the study did not measure subjective or objective out-

comes and therefore a prospective approach [8,9] was not required.

Ethics

The study was registered with Audit and Research committee at
Salford royal NHS foundation and an approval was granted to con-
duct an observational analysis. The study was also registered with
the EdgeHill university for the partial fulfilment of MCh (full-form)

degree of one of our authors.

Ethical committee approval at Salford royal NHS foundation was
applied and since the investigation was only through retrospective
analysis of electronic medical documents, the committee did not

have any conflicts of interest.

Patients and Methods

Inclusion criteria:

1. Patients attending to Salford royal A&E from January 2015
to January 2018 with Combined fractures of pelvic ring and

acetabulum.
Age 18 to 80 years.
Mechanism of injury with high velocity.

Patients with CT scan of pelvis.

v W N

Patients referred from other NHS trust with combined inju-

ries.

Exclusion criteria:
1. Isolated pelvic ring and isolated acetabulum fractures.
2. Patients with doubtful fracture pattern.

3. Patients with only x rays.

Citation: Senthil Kumar Selvarajan,, et al. “Analysis of Combined Pelvic Ring and Acetabulum Fractures for their Optimal Management". Acta Scientific

Orthopaedics 4.6 (2021): 37-45.



Analysis of Combined Pelvic Ring and Acetabulum Fractures for their Optimal Management

Patients with trivial falls.
Osteoporotic fractures.

Patients with previous pelvic ring or acetabulum fractures.

N o ok

Patients with associated hip fractures.

Data extraction and analysis

Data was collected from the pelvic trauma data base of the trust
with due permission from the orthopaedic research committee.
Analysis was also done by use of electronic patient record and PACS

(full-form) and relevant statistical equations.

All patients with combined fractures were analysed from atten-
dance to A&E to discharge. A&E records were analysed to deter-
mine the mechanism of injury, hemodynamic stability requirement

of blood products, and other life-threatening associated injuries.

Radiological records such as x-ray and CT scans [15] were ana-
lysed by the primary investigator and the consultant orthopaedic
surgeon of pelvic trauma team to describe the pattern of fracture

configuration.

Injury severity scores were calculated after the secondary sur-
vey, by analysing the injuries the patient had sustained along with

relevant investigations.

Modality of treatment such as non-operative and operative
were analysed to understand the behaviour of the fracture pattern
and other parameters such as average length of stay and mortality

were observed to determine the severity of injury.

Chart 1: Analysis of the number of cases analysed during this
study, 165 number of cases has been analysed of which 42
cases have shown a combined variety of fracture, 123 shows
isolated pattern either Pelvic or Acetabular pattern, the
interesting part in our study was that 52% of the combined

variety belonged to age group 18 to 40 year group.
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Results
Demographics

Patients enrolled in the pelvic trauma data base were analysed
between January 2015 to January 2018 and a total of 165 patients
were evaluated with x ray and CT scan. We found 42 patients had
combined fractures of pelvic ring and acetabulum with an inci-
dence of 20 percent. These findings are suggestive of an increase in

incidence compared to Jason |, et al. 2014 quote, 5 to 15.7%.

We analysed the correlation of combined fractures in between
age and sex in the given cohort and found its predominance in
males of younger age group and an average age of 34.2 (18 to 80).
Analysis was done after dividing age into three categories 18 to 40,
40 to 60, and 60 to 80 and it was noted nearly 52% of this injury
occurred in 18 to 40 age group, with a male dominance of 94%. We
also noted similar results in the 40 to 60 and 60 to 80 age groups
with male predominance of 85 and 70% but when compared to the
young age group the incidence of combined fractures was low in
the 40 to 60 and 60 to 80 age group.

Chart 2: Incidence of combined fracture.

Chart 3: Age and sex distribution.
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Mechanism of injury

A force which was directed lateral to the body would internally
rotate the pelvis and was thought to be the aetiology of combined
fractures over decades [20]. We analysed different mechanism and
its incidence in between sex. Evaluation was done by categorising
the forces into four subsets namely, road traffic collision (RTC), fall
from height particularly suicidal jumpers, cyclist/bikers and pe-

destrians hit by moving vehicle.

In our analysis we found that majority of combined fractures
were a direct resultant of RTC contributing to 62%, with males pre-
dominantly involved. Cyclers and bikers [22] contributed 17% of
the incidence, on the other hand jumpers with combined fractures
were 12% and pedestrians were 9% of the cohort. Finally, all the
above-mentioned mechanism showed males were more commonly
injured than females with an overall incidence of 88%. Comparing
these findings with existing literature, it can be said that there is
no single mechanism which leads to combined fractures and also
it raises a question on the force vectors which yield to combined
injuries do not corelate with fracture configuration as historically

believed [24]. This explains the complexity of these injuries.

Chart 4: Mechanism of injury.

Mechanism and sex ratio

10
’ =

RTC Jumpers

Pedestrian Hit By
vehicle

Cyclers/Bikers

mMale mFemale

Chart 5: Mechanism of injury in different sex.
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We calculated the ISS based on A&E records and other relevant
investigations such as imaging studies which yields to diagnosis
and a comparison was made between different mechanism of in-

jury, hemodynamic stability [27] and need for blood products.

We found a mean ISS of 28.6 ranging from (4 to 66) and when
compared with different mechanism, it can be said that patients
involved in RTC who had an incidence 52% of combined fractures
had a mean ISS of 27.6, whereas jumpers with an incidence of 12%
had a mean ISS of 43.1. This implies that jumpers [29] are more
pronounced to associated injuries along with combined fractures.
Similarly, comparison when made for cyclers/bikers and pedestri-

ans, we found a mean ISS of 26.2 and 27 respectively.

Hemodynamic stability was assessed through emergency physi-
cian assessment notes at the time of arrival to hospital and it was
found 62% of the cohort were detected with low systolic blood
pressure and required blood transfusion [30]. Ironically, we ob-
served only 12 out of 26 patients involved in RTC were transfused,
in contrast to jumpers were all 5 jumpers in the cohort were ac-
tivated with massive haemorrhage protocols. Similarly, 6 out of 7
cyclers and 3 out of 4 pedestrians needed blood transfusion. These
findings generally suggest that, the severity of injury and require-
ments of blood transfusion are more frequent in patients were the
force is directly applied to the body rather than injuries occurring
within a moving vehicle. Moreover 2 patients out of the cohort did
not stabilise following transfusion and required emergency embo-
lization [31].

Chart 6: Fracture pattern in pelvic ring.

Discussion

Pelvic fractures are complex injuries which have mostly been

managed in a Level 1 trauma centres or nearly all of them are re-
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APC 1,2,3 AND LC 1,2,3
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Chart 7: Sub classification of fracture types.

PELVIC FRACTURE PATTERN AND
MECHANISM

MAPC WLC MVS WAPC+C

o
-
|I -I II -l
RTC

JUMPERS CYCLERS/BIKERS PEDESTRIAN

Chart 8: Fracture types and correlation to different MOI.

Chart 9: Fracture pattern seen in acetabulum.
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FRACTURE PATTERN AND MECHANISM
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Chart 10: Acetabular fracture pattern in relation different MOI.

Chart 11: Management of combined fractures.

ferred over there or at least an opinion is sought after initial man-
agement to guide the treatment plan, this recommendation which
is followed in most unit is as per the National Institute for health

and care excellence (NICE) guideline [35] recommendation.

Given the classification system which we have been using so far,
it fails to combine the pelvic fracture and acetabular fracture to-
gether, unfortunately there are various factors which contributes
to this combination of injuries which contributes around 20% of

all pelvic fractures.

The incidence of combined pelvic ring and acetabular fractures
is raising, despite advancement in orthopaedic science this entity

remains a challenge. The common fracture pattern noted are APC
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Chart 12: Management in different mechanism of injury in our
study has shown that the large group which constitutes RTC
has nearly an equal mix of skeletal traction and external/inter-
nal fixation while most of the jumpers in our series required

surgical intervention patients who had a low velocity accidents

like pedestrians were mostly managed conservatively.

Figure 1: Pelvic X ray in a 40 year old male presenting to A&E

after a RTC showing combined pattern of injury.

and LC in pelvic ring and AW, AC, T, ABC in acetabulum. Vertical
shear [12] and PC, PW acetabular involvement are rare. Combined
fractures are often seen with high velocity injuries and more fre-
quently require blood transfusion, ISS in combined fractures is
higher than the isolated fractures. I feel We can generally group the

fracture into 3 probable pattern or types.
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Figure 2: CT Scan for Combined Pelvic and acetabular fractures
in a 70 year old following an RTC.

Type 1 fractures: RTC causes fracture involving APC 1, 2, 3 along
with AW, AC, ABC variety, lateral compression fractures are rare in
RTC, hemodynamic stability is dependent of grade of APC than ac-
etabular fracture pattern and treatment can vary from non-opera-

tive to complex surgeries.

Type 2 fractures: Jumpers commonly sustain LC + ABC pattern
and have high ISS when compared to RTC, majority of them are
hemodynamically unstable and require blood products and more
often end up in a broad spectrum of pelvic surgery. Mortality rate
is high, and we found nearly 30% of them die within 24 hours in

our study.

Type 3: Cyclers and pedestrians have an equal incidence of type
1 and type 2 fractures and rarely presents with a combination of
type 1 and 2. ISS, blood transfusion and mortality are like type 1
and type 2 combined fractures and treatment must be designed
after a thorough understanding of fracture types. Often require

complex surgery.

Although we have proposed the fracture pattern types the com-
plexity of these injuries may require separate treatment strategies.
Previous evidence in literature often proved that outcomes of sur-
gical fixation in isolated pelvic ring and acetabular fractures are
poor and therefore when dealing with a combined fracture, we sug-
gest seeing these as separate entities and try to achieve anatomic
reduction and rigid fixation [32]. Finally, we recommend further
studies with large sample size to determine the fracture pattern
and measure subjective and objective outcomes of surgical fixation

in combined fractures.
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Limitation of Study

In our retrospective analysis there are inherent limitations. As
discussed earlier its not possible to design a randomised control
trial to determine our outcomes owing to the rarity of the fractures.
An improvement in this study could have been made by including a
matched control group [35] but this would cause added up difficul-

ties and leads to selection bias.

Firstly, Sample size of our study is one the most significant limi-
tations as it gives decreased accuracy in measurable observations
and our ability to perform multivariate analysis. There is hetero-
genicity in the study population due to patient factor and injury
factors, and the heterogenicity could not be decreased when we
subdivided the population into various groups, moreover the in-
jury pattern is not the same in two different patients, some have
simple fractures and some have complex and combinations of com-
plex fractures and it can be said when dealing with multiply injured

patients there will be heterogenicity as no two injuries are same.

Secondly, A retrospective data collection advances itself to de-
pendency on previously accumulated data and the reported data
in our study relies on the people who accumulated it overtime. I
have made great efforts to double check the charts from various
sources but this was not always the case. A prospectively collected
data would have made the study stronger as the primary investiga-
tor could ensure the reliability of the data and may be able to col-
lect extra information which is not available in our current pelvic

trauma [37] database.

Conclusion

Classification in orthopaedics has historically been an academic
process mostly attributed to the person who has made a major con-
tribution to the topic usually associated with their name or institu-
tion these strategy has so far proved to be of limited value in pre-
dicting and offering any real value in management of patient injury
barring a few usually the good the bad and the ugly aspect of frac-
tures has been recognised radiologically by most of the surgeons
who mostly manage the surgery based on the complexity of the in-
jury, Our humble effort in this whole process has been to categorise
injuries based on the mechanism of injury combined with radiolog-
ical parameters [43]. It provides a good value in communicating to
other trauma units regarding patient care and management, hope
will lead to a better care in management of these complex injuries,
that more research and evidence which will be required in the pro-

cess to further validate and evaluate.
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Although we have proposed the fracture pattern types the com-
plexity [49] of these injuries may require separate treatment strat-
egies. Previous evidence in literature often proved that outcomes
of surgical fixation in isolated pelvic ring and acetabular fractures
are poor and therefore when dealing with a combined fracture, we
suggest seeing these as separate entities and try to achieve ana-
tomic reduction and rigid fixation. Finally, we recommend further
studies with large sample size to determine the fracture pattern
[50] and measure subjective and objective outcomes of surgical

fixation in combined fractures.
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