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Abstract. Background and aim: Sacral fractures with concomitant unstable pelvic ring injuries are severe
conditions which occur in patients involved in high-energy trauma. When operative treatment is required,
high surgical experience on the field is mandatory, especially in a sub-polpulation of obese patients which
have increased risk of complications. The aim of this multicentric retroscpective study was to describe and
analyze clinical and radiological outcomes of sacral vertical fractures in obese patients with a minimum of
2 years follow-up. Methods: A total of 121 pelvic fractures admitted to Emergency Departments of three II
level trauma centres from April 2015 to April 2021 were retrospectively reviewed. Demographics, injury
mechanism, surgical data and complications were collected. The quality of life and the pelvic function were
respectively measured by SF-12 questionnaires, Denis Work Scale and Majeed Score. The inter-rater agree-
ment between the clinical scores and the Denis Work Scale was assessed. Resu/ts: A total of 19 patients were
included in the study. The average follow up was 41.16 months. The average BMI was 38.63 and the mean
abdominal circumference was 128.10 cm. The average Majeed and SF-12 scores were respectively 66.47 and
74.32. Five patients were able to return to their previous employment. The post traumatic life’s quality and
related dysfunctions are influenced by the high BMI. Conclusions: Faster recovery and early weight-bearing
should be persued in order to minimize complications, expecially in obese patients. In these sample of patients,
“triangular osteosynthesis” was the best treatment choice for sacral vertical fractures. (www.actabiomedica.it)

Key words: sacral fractures, pelvic ring fractures, vertical shear, obese patients, lumbopelvic fixation, BMI,
abdominal circumference

Introduction

Sacral fractures are a major cause of death and dis-
ability in patients involved in high-energy trauma (1).
These fractures can be unrecognized leading to unsta-
ble pelvic ring lesions with high impact on patients’
mortality and morbidity. Moreover, sacral fractures are
often associated with severe neurological lesions such
as the stretching or tearing of the lumbosacral plexus

roots (LL4-S3) (1-3). The treatment of unstable vertical
pelvic ring injuries associated with sacral fractures has
many difficulties related both to reduction and fixation
techniques; and this is especially true when we take into
consideration a sub-polpulation of obese patients (4).
According to the literature, incremental in body mass
index is associated with an increased risk of compli-
cations after open reduction and internal fixation of
acetabular fractures (5). In fact, in obese patients these
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fractures require extensive surgical access in order to
obtain good fracture site exposition. Therefore, a con-
solidated surgical experience in the field is mandatory.
The treatment of sacral fractures aims to achieve ana-
tomic reduction of the fracture, to protect the neural
structures, to ensure adequate stability and to allow
early mobilization. As far as we know, there is a lack
in the literature about surgical treatment, rate of com-
plication and clinical outcomes in a sub-population of
obese patients witch sacral fracture in unstable perlvic
ring injuries. This is the first multicentric retrospective
study on the clinical and radiological outcomes of sa-
cral vertical fractures in obese patients.

Patients and methods

This is a multicentric retrospective cohort study
performed in three II level trauma centres in the south-
ern of Italy. A total of 121 pelvic fractures admitted to
our Emergency Departments (EDs) from April 2015
to April 2021 were retrospectively reviewed. Patients
were included in the study according to the following
criteria: age ranged from 16 to 75 years, Tile C pelvic
ring fractures (6), weight > 110 kg, abdominal circum-
ference > 120 cm, class II obesity - obesity (BMI 30.0-
39.9 kg/m?2), class III obesity - extreme obesity (BMI
> 40 kg/m2) (7). Patients were excluded in case of less
than two years follow up, bone metabolism or rheu-
matic diseases. Patients with oncological or infectious
history were excluded too. Pelvic X-rays in AP position
and CT scan with 3D reconstructions were collected.
3D-CT scans were essential to better understand the
pattern of fracture, to analyze frangments dislocation
and to study sacral foramina integrity. Moreover, CT
scan included the lumbar spine in order to investigate
the presence of spinal associated lesions. Injury Sever-
ity Score (ISS) was used to assess trauma severity in
all politruamatized patients (8). Complete neurologi-
cal examination according to American Spinal Injury
Association (ASTA) (9) was also performed. Surgical
treatment was chosen among various techniques cur-
rently described in literature as mentioned below (see
Surgical Technique and Perioperative therapy) (2).
Patients were treated according to the ethical stand-
ards of the Helsinki Declaration, and were invited to
read, understand, and sign the informed consent form.

Hospital records and clinical notes were reviewed
to collect the following data: demographics, injury
mechanism, associated lesions, operating times, perio-
perative bleeding, perioperative and post-operative
complications, hospitalization, time of rehabilitation.
The quality of life and the pelvic function were respec-
tively measured by The Short Form Survey (SF-12)
questionnaires (10), the Denis Work Scale (11) and the
Majeed Score (MJS) (10). Bone healing and sacroiliac
fusion were misured by X-rays assessed by examination
of callus size, cortical continuity, and progressive loss of
the fracture line (12) whereas CT scan was performed
in case of doubts about consolidation (13). The evalua-
tion end point was set at the last follow up.

Statistical analysis

Descriptive statistics were used to summarize
the characteristics of the study group and subgroups:
mean and standard deviation for continuous vari-
ables and frequency distribution (%) for categorical
variables. The t-test was used to compare continuous
outcomes. The Chi-square test or Fisher’s exact test
(in subgroups smaller than 10 patients) were used to
compare categorical variables. The statistical significance
was defined as P < 0.05. We used Pearson correlation
coeflicient (r) to compare the predictive score of out-
comes and quality of life. Mean ages (and their range)
were rounded at the closest year. The predictive score of
outcomes and quality of life and their ranges were. ap-
proximated at the second decimal. Cohen’s kappa coef-
ficient (k) was used to assess inter-rater agreement for
categorical qualitative items, therefore calculating the
concordance between different clinical scores (Majeed
Score and SF-12) and the Denis Work Scale.

Surgical technique and perioperative therapy

Patients were placed in prone position on a ra-
diolucent table. The surgical access to the sacrum
depended on the chosen technique of reduction and
osteosynthesis. It was performed a median longitudinal
acczess to the sacrum without dissecting the sacrum-
spinal muscle as suggested by Keel et al (14) in case of
bilateral or unilateral lumbo-pelvic fixation (Figure 1).
When transiliac internal fixation or posterior plating
were performed, two separate incisions centered on
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Figure 1. a,b) C-arm fluoroscopic X-ray image; c) intraoperative image; d,e) post-operative control;.f,g) follow-up after 1 year.

the PSIS (posterior superior iliac spine) were neces-
sary. In case of direct sacral plate fixation, we use the
approach evidenced by Fowler et al (15). All our cases
demanded for an anterior approach, which was carried
out through a Pfannenstiel, a Stoppa modified or an
Anterior Combined Endopelvic (ACE) approach (16).
Appropriate antibiotic therapy was administered 30
minutes before surgical operation. Patients with neu-
rological deficits have been subjected to the NASCIS
protocol (17, 18). All the included patients received
low molecular weight heparin and A-V foot compres-
sion system to prevent venous thrombosis, until com-
plete weight-bearing was achieved (19).

Results
A total of 19 patients were included in the study.

Ninety-seven patients were excluded due to the lower
BM]I, 5 patients had an oncological or infectious. The

average follow up was 41.16 +12.30 months (range
24-62). The mean age at the time of trauma was 36.29
+8.77 (range 25-56) years old and the male/female ra-
tio was 2.8 (14:5). The right one was the most injured
side (49.37%) whereas 3 cases (15.79%) were bilateral.
The work activity was mostly represented by the indus-
trial sector. The average BMI was 38.63 +2.69 (range
35.6-44.6) and the mean abdominal circumference
was 128.10 £9.10 cm (range 120-156).

Motor vehicle accidents were the most frequent
cause of trauma, followed by falls from the heigh. In
particular, suicide attempts were 4 cases out of 6. The
mean ISS was 32.84 +11.90 (range 8-51). Among con-
comitant lesions, acetabular fractures were associated in
4 (21.05%) cases whereas 13 (68.42%) patients had sa-
cral nerve roots injuries. In 8 (42.10%) cases there were
neurological deficit according ASIA score. Demograph-
ics and pre operative data are summarized in Table 1.

Closed reduction and internal fixation (CRIF)
was the most frequent treatment choice. The most
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common type of fixation was the monolateral spine-
pelvic plus sacral screw fixation in 5 (26.32%) cases.
In 11(57.89%) cases anatomical reduction was ob-
tained during itraoperative examination while at sud-
den post operative X-rays reduction was considered
excelet in 6 (31.58%) cases only. Figures 2,3,4 and 5
describe the relations between BMI/reduction, ab-
dominal circumference/X-rays BMI-Majeed Score
and BMI-SF12.

Surgery was performed 13.05 £6.49 days (range
4-24) after trauma. The average operative time was
166.32 +40.60 (range 106-248) in minute and the
blood loss was 963.16 +594.30 (range 237-2368) in
mL. Weight bearing was conceded at 9.26 +4.43
(range 3-22) weeks from operation. The average time
of wounds closure was 30.63 +21.14 (range 21-94) in
weeks whereas 4 (21.05%) cases had wound closure
problems. Moreover, as concerns complication, post-
operative neurological injuries occurred in patients
n°18 and n"19. The most common peri-surgery compli-
cation was DV'T. The average time of hospitalisations
were 29.53 +10.01 (range 16-56) in days. At the last
follow-up, the average Majeed and SF-12 scores were
respectively 66.47 +10.31 (range 44-86) and 74.32
+8.44 (range 56-93) in points. Five patients (26.32%)
were able to return to their previous employment.
The mean correlation between Denis Work scale and
clinical scores were measured according towas Cohen
and were respectively: k= 0.67+0.08 for Majeed Score
(p>0.05), k= 0.81+0.13 for SF-12 (p<0.05). Operative

and post-operative data are summarized in Table 2.

Discussion
The problem of high BMI and sacral fractures

Sacral fractures are very uncommon in orthopae-
dic patients; in particular, in obese patients, could be
unrecognized in the initial radiography in emergency
room. In our sample of patients, the relationship be-
tween BMI and the Majeed Score shows a logarithmic
mean that goes down the low and also the dispersion
of patients compared to the average is very wide and
this is affected by the bigger BMI and the post trau-

matic annexed dysfunctions. The relationship between

BMI and the SF-12 shows a logarithmic mean that
goes down the low and also the dispersion of patients
compared to the average is very wide and this is af-
fected by the bigger body mass and the post traumatic
life’s quality. Figures 2 and 3 show RA2 values of
0.0129 and 0.0121 respectively. RA2 values tell us the
proportion of the variance in the dependent variable
that can be explained by the independent variable in
the regression model. In both figures the independ-
ent variable is BMI. The low RA2 value tells us that
BMI explains little of the variance in the Majeed score
(figure 2) and SF-12 (figure 3). Thus, these data give
little information about the BMI effect on the Majeed
score and SF-12. Physical examination and X-rays are
very useful for the diagnosis, but it is still essential to
obtain a CT scan in doubt cases (1). The number of
obese people in the USA has increased by 50% in the
last 20 years. In Italy, the increase of obesity experi-
enced in the last five years (+ 9%) was extensive among
young adults, especially in males. It is estimated that
the phenomenon presently affects 10.5% of males and
9.1% of females (20). Arabi et al (21) suggest that
obese patients have an increased momentum during
the deceleration consequent to trauma because of their
body mass. This theory was also confirmed by Kent
et al (22): obese patients need more restraint before the
forward motion is stopped due to their greater kinetic
energy. In support of these claims these authors report
that the obese patient is less exposed to lateral side in-
juries thank to the so called “cushioning effect” while it
is more susceptible to antero-posterior traumas.

Risk and complication in sacral fracture

Porter et al (23) demonstrated that the overall rate
of complications in obese patients is 63% compared
with 24% of those with normal weight. In particular,
patients with higher BMI have 46% more chance to
develop surgical wound infections. The infection risk
in these patients depends on factors related to comor-
bidities (heart disease, diabetes and vascular disease),
habitus (less vascularized subcutaneous adipose tis-
sue), surgical time and mechanism of trauma (24, 25).
To date, considering this large number of complica-
tions, it is still debated if the surgical treatment and
the operative fixation techniques should be modified
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Figure 2. The relationship between BMI and the Majeed Score
shows a logarithmic mean that goes down the low and also the
dispersion of patients compared to the average is very wide and
this is affected by the bigger BMI and the post traumatic an-
nexed dysfunctions.
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Figure 3. The relationship between BMI and the SF-12 shows
a logarithmic mean that goes down the low and also the disper-
sion of patients compared to the average is very wide and this is
affected by the bigger BMI and the post traumatic life’s quality.

in case of acetabular or pelvic fractures in the obese
population (23, 24). Porter et al (23), Carson et al (24)
and Migliore et al (25) reported an increased rate of
pulmonary complications and longer time of hospi-
talization. Moreover, several studies demonstrate that
surgical time and intraoperative blood loss are higher
compared to normal weight, resulting in a major risk
of surgical site infection. Nicodemo et al (26) achieved
good to excellent results in the 91% of sacral vertical
fractures among obese patients. A single bad result was
obtained because of the delayed timing of surgery. In
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Figure 4. The figure shows the relationship between BMI and
the quality of radiographic reduction The equation RA2 value
is 0.0995. The meaning of the abbreviations are described be-
low: B-SP, Bilateral — Spino Pelvic; AP, Anterior Plate; SP +
IS, Spino Pelvic — Ileosacral Screw; 2xSR, 2 x Sacral Road; PP,
Posterio SIJ (Sacro Iliac Joint) Plate; CS, Cannulated Screw.
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Figure 5. The figure shows the relationship between abdominal
circumference and the quality of radiographic reduction. The
equation RA2 value is 0.2179. The meaning of the abbrevia-
tions are described below: B-SP, Bilateral — Spino Pelvic; AP,
Anterior Plate; SP + IS, Spino Pelvic — Ileosacral Screw; 2xSR,
2 x Sacral Road; PP, Posterio SIJ (Sacro Iliac Joint) Plate; CS,
Cannulated Screw.

particular, percutaneous treatment was discouraged
when performed more than 15 days after trauma, rec-
ommending to operate as soon as possible this cat-
egory of patients.

The treatment of sacral fracture

The treatment of pelvic ring injuries in the obese
population is technically difficult and fraught with

complications. In order to prevent them, we must
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ensure that patients are receiving high-quality health
care and being judiciously monitored to minimize
complications and aggressively manage those when
occur (27). Many surgical options are available for the
treatment of sacral vertical fractures: ileo-sacral screw
fixation, ileo-ilial osteoynthesis (plate knight, Barr
screw, transiliac internal fixation), plate fixation and
lumbo-pelvic fixation (2). In our opinion, percutane-
ous ileo-sacral screws fixation should be indicated in
case of undisplaced fractures. This technique should
be performed by an expert surgeon as it demands for
a long learning curve to understand intraoperative
fluoroscopic imaging: the insertion hallway is only
20mm width and the “huge mass” could prevent a cor-
rect display of the entry point, increasing the risk of
L5 root injuring in the obese patient (28). In addi-
tion, ileo-sacral screw fixation alone could not achieve
an adequate mechanical stability in these patients. In
fact, Grifhin et al (29) underlined failures occurred in
vertical sacral fractures treated with ileo-sacral screw
alone. The transiliac internal fixator proposed by Di-
enstknecht et al (30) is a type of minimally invasive
osteosynthesis indicated in case of sacroiliac fracture-
dislocation or transforaminal sacral wing fracture. In
this surgical technique, pedicle screws are placed into
the iliac wings from the posterior superior iliac spines
and they consequentely are connected through rods. It
ensures even greater stability than the ileo-sacral screw
fixation or the anterior sacroiliac plate but it is less in-
vasive and presents a very low risk of neurovascular
injury (31). The lumbo-pelvic fixation is indicated
in sacral fractures with transforaminal comminution
(Denis type II), when there is sacral instability or spin-
opelvic dissociation. The lumbo-pelvic fixation is the
only surgical procedure which allows to bypass the
sacrum and the sacroiliac joint. Through this surgical
treatment we provide an effective force sharing and al-
low an early weight bearing, avoiding complications
associated with prolonged immobilization. However,
lumbo-pelvic fixation demands for some spinal sur-
gical skills and could need a wide vertebral exposure
when percutaneous technique is not currently man-
aged. In this case, as reported by Sagi et al (32), it
is of extreme importance the L5-S1 articular facets
status. Hu et al. (33) reported the advantages of the
“triangular osteosynthesis”. This technique combines

lumbo-pelvic with ileo-sacral screw fixation determin-
ing absolute stability of the fracture as confirmed by
several biomechanical studies (34, 35). Pelvic ring frac-
tures heavily impact on daily activities of the injured
patients (36, 37). Traumatized obese patients develop
psychological insecurity and can experience some
types of mental illness which extremely affect their
quality of life (36). Papasotiriou’s univariate analysis
confirmed that return to work was significantly related
to the accident site (labor or not), the magnitude of
the accident’s force, concomitant injuries, duration of
hospitalization, Majeed score, and complications such
as limp and pain as well as urologic and sexual com-
plaints (p < 0.05 for all). On multiple logistic regres-
sion analysis, the accident sustained out of work (odds
ratio: 6.472, 95% confidence interval: 1.626-25.769)
and Majeed score (odds ratio: 3.749, 95% confidence
interval: 2.092-6.720) were identified as independent
predictive factors of full return to work (37-41). The
knowledge of the characteristics of the lesions and of
the classification systems, as well as an accurate assess-
ment of the anatomo-functional repercussions, repre-
sent therefore the fundamental prerequisites for the
correct assessment of physical damage (42).

Limitations of the study

The main limitation of the current study is repre-
sented by the small number of included patients and
the not homogeneous surgical treatments. Therefore,
this sample of patients could not be representative of
the population. Moreover, the measurements and in-
tervention were made without randomization, which
have intrinsic potential for bias. Finally other limiting
factors of the study could be: the potential for regres-
sion to the mean, the presence of temporal confound-
ers and the mention of subjective score.

Conclusions

Vertical sacral fractures are challenging orthope-
dic injuries, especially in obese patients. Most of them
are associated with pelvic ring fractures and other con-
comitant lesions. CT scans are crucial for proper diag-
nosis and subsequent best treatment choice. Surgical
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techniques which ensure greater mechanical stability
associated with a strict respect of soft tissues should be
performed. Faster recovery and early weight-bearing
should be persued in order to minimize complications
and reduce postoperative morbidity. Therefore, in the
light of findings and based on these considerations, the
use of the internal fixator and “triangular osteosynthesis”
result the best treatment choice for sacral vertical frac-
tures in obese population.

List of Abbreviations: EDs: Emergency Departments; BMI: Body
Mass Index; ASIA: American Spinal Injury Association; AP:
antero-posterior; PSIS: posterior superior iliac spine; ACE: Ante-
rior Combined Endopelvic; NASCIS: National Acute Spinal Cord
Injury Study; ISS: Injury Severity Score; CRIF: Closed reduction
internal fixation; DVT: Deep Vein Thrombosis
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