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Review a case or ~  Laugh a little...
two, some data or a lot!
as well

Markers of
stability
Initial
management

Pelvic Anatomy Clinical &
radiographic
- characteristics of
Stable vs ~ high vs low 2
unstable pelvic  energy trauma
: rings -~ Treatment
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 Marker for severe injury
e Overall mortality 6-10%
e Life threatening

Pelvic Ring
Disruption:




Bone Anatomy

e Two innominate bones
with sacrum.

 |lium, ishium and pubis

* 3 separate ossification
centers fuse at ~16yo.

e Coalesce at triradiate
cartilage.

e Gap in symphysis <5 mm

e Sljoint 2-4 mm




» Jhiac Wing

Osteology



e Ligaments - posterior
ligaments are stronger
than anterior ligaments: &

e Posterior S|

e Anterior SI

* Interosseous ligaments
e Pubic symphysis

e Sacrotuberous

e Sacrospinous

e i
Posterosuperior
iliac spine
P Posteroinferior
Post sacroiliac ligaments lliac spine
short
long
Posterosuperior
Giutoal lines: 7 “— lliac crest llac spine
posterior l :
anterior j '|'
inferior _ Caneu
\ - = /4 : apsule of
Greater sciatic R 0 N MUt
foramen M&%& . hip joint
Tip of coceyx | K. ; g —
' , () -~ S . Interosge«:us sacrolliac =
Sacr_o-spmous ligament _ \ — ligaments -
and ischial spine - == __
. e Greater trochant
Lesser sciatic foramen or
Falciform edge _ . Sacro-tuberous Iigamentl
A Ischial tuberosity
Lesser trochanter
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Anterior
Sacroiliac
Ligaments

Sacrospinous
Ligaments

Sacrotuberous




S ligaments
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Vet e - g [ S Posterior Ligaments
"lac;cﬂliac z :

" Iiaamenls SL . .

5 BNt Catorior * Ant. Sl Joint — resist ER

fr‘ | 4 &7 ) [sacroiliac .

| :‘-: L4 "N igaments e Post. Sl and Interosseous — posterior

Al _-,:-, g .11.']5:3 stability by tension band (strongest in
& body)
B it * |liolumbar ligaments augments posterior
complex

e Sacrotuberous (sacrum behind sacro-
spinous into ischial tuberosily vertically)
resists shear and flexion of Sl joint

e Sacrospinous — (anterior sacral body to
ischial spine horizontally) resists ER




Normal Sl Joint
Motion with Gait

e < 6 mm of translation
e < 6° rotation

* Intact cadaver resists
5,837 N (1,212 Ibs)
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Young and Burgess Classification:
Mechanistic description

Lateral

Compression
(LC)

Anteroposterior

Compression

(APC)

Vertical Shear
(VS)




Sacral Fractures
Types of Fractures of the Sacrum

Modified from the Denis Classification

Zone I Zone Il

Zone | Zone I Longitudinal Transverse

LAAA
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“Is it stable?
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Instability Defined
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. posterior arch disruption _

incomple I;E e : complele
partiafly s

/ \ ¥ TS
urndlateral bilateral unilateral complele bilateral
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avulsion direct transverse | rotalion | s Contralaleral |
blow fx external  internal intact  incomplate




Tile Classification
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s this
stable?

 |s there deformity?

e Deformity on
presentation predicts
instability




s this
stable?

 |s there deformity?

e Deformity on
presentation predicts
instability

* |s the posterior pelvic ring
intact?




s this
stable?

* |s there deformity?

e Deformity on presentation
predicts instability

* |s the posterior pelvic ring
intact?

e Stress test under fluoro




s this
stable?

e |s there deformity?
e Deformity on presentation
predicts instability
* |s the posterior pelvic ring intact?
e Stress test under fluoro

e Other clues to soft tissue injury?
e Lumbar TP process fracture
e |Ischial spine avulsion
e Lateral sacral avulsion




~ High energy vs Low energy:
Abnormal‘Motion




#1 rule
of
‘Trauma:

= Trauma =
- isnota
£ = random &
= disease! &

gr

.

TRAUMA

Sometimes, bad things happen to good people.
sometimes, these "good peaple" alsa happen to be [diots,
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Acute
High Energy

Pelvic
Trauma

&
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Pelvic Ring Injuries
Clinical considerations

e High Energy vs Low Energy

e Elevated Morbidity/mortality
e Comorbid injuries

e Hemorrhage




Magnitude of
Forces

* ACL injury 500-1000N

 LC-| pelvic fracture
6000-9000N




*Treat the WHOLE patient!!!!

e ATLS Protocol
e Good EMS report =
e Appropriate lines/fluids running
e Team approach

e Reverse/Treat correctible problems

e Shock vs Hemodynamic instability

e Stop/Address obvious sources of bleeding

* Open fracture antibiotics, tetanus updated
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Primary survey: ABGS

e Airway maintenance with cervical
spine protection

Breathing and ventilation
Circulation with hemorrhage control e
Disability: Neurologic status |

Exposure/environment control:
undress patient but prevent

hypothermia
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| Physical Exam- Open Wounds

* May extend to other
* Colon, rectum, pel

e Grossly contaminate

irrigation and debnd/
|

e Repair of lacerations



e Swelling/ecchymosis
e Scrotal/labial edema

* Degloving injuries

e Limb shortening
g Limb rotation
¢ Open wounds



Physical Exam:
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e Binder

e External Fixation

 Angiography

e Laparotomy and pelvic
packing

e~ Bat
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Pelvic Ring Injuries

jur

o Vqume tradltlonally assumed to be aes i
akin to a cylinder: V=4/3nr3 * S
. PrlnC|paI |sﬁradrus ﬁVoZume s

* More accurate as a heml elhpt|cal
sphere g s S N g







PELVIC BINDERS




Coordination of Care

e Led by Trauma Surgeon
e Depends on other
injuries
 Neurosurgery?
e General surgery?

U/

ThE commlttee ) l.‘ e Urology?
on lrauma \ " Vascar?

e Others?



Beware of
Urologic Injuries

* 15% incidence

e Blood at meatus or high
riding prostate

» Scrotal/labial
swelling/edema

e |f indicated, check a
retrograde urethrogram

* CONSULT UROLOGY!




I\/l ad g N |t U d a  When this happens, what else might be going on?

Of FO rces e Important to know the relevant relationships!
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Vascular Anatomy

External Iliac System

Internal Iliac System
— Posterior

Division
. — Anterior
Di1vision



* Internal iliac artery courses
medial to the vein, splits
into anterior and posterior |

branches.

e Posterior branch is more
likely injured (SGA is
largest branch).

@ * Usual bleeding is from
| venous plexus.

f ':_, -y =

liac vein

" Obturator

- Superior

Common iliac
artery

Ureter

External
iliac artery

External

Internal iliac artery

(hypogastric artery)

S1 nerve

82 nerve

Superior | gluteal
Vas deferens

Inferior artery

Pelvic splanchnic
nerves

nerve

~ vesical artery Lumbosacral
1 arte -
i =
Bladder =
Rectum ;::’.
Symphysis <Y -
pubis ‘*‘%
—_—
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Considerations
for Help...
B [t's OK to

transfer if
needed




Imaging

il e

e Take your imaging into the context of the patient’s presenation

 Trauma bay XR- AP Pelvis
e Post-compression XR is important and can change the appearance of the injury
 Documents effect of intervention
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e High energy: ¥elLow energy:
e Radiographic  Pain well controlled
e Hemodynamic I e Able to
e Biomechanical/Mechanical ambulate/participate in self .

Cal€ " YOU GET STABILITY
| L YOU GET-STABILITY

P

e Skeletal motion
eliminated/minimized
{ “Able to withstand normal
{ physiologic forces without :
abnormal deformation” SN

- Pt
- .
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AP Pelvis

e (General 1dea
— Stable
— Unstable

 Immediate
interventions if
needed

— Circumferential
compression

— Reduction of hip
dislocation



Inlet

Anterior / Posterior Internal / External Rotation
Displacement




Outlet

Cranial / Caudal
Displacement




Radiographic
Instability

e Sacroiliac joint --
displacement of 5mm

in any direction

e Posterior fracture gap
(instead of impaction)

e 5t" Lumbar transverse
process avulsion

o (buttock) pam
Sciatica Psoas syndrome
Prostatitis / Iliotibial band
syndrome
Pregnancy low Pelvic
back pain bil Post back
Instabi |ty surgerypain
Pelvicﬂn[}r |
dysfunction / \ Vulvodynia
Hamstring Pudendal Pubalgia Interstitial
tendonopathy  neuralgia  (sports hernla) cystitis

Coccydynia

Pseudo arachnoiditis

Ischial tuberosity




IDONTALWAYS ASK FOR RE

P "'"% Operative Indications

i.e. What the surgeon is thinking about

e Active resuscitation

e Close down pelvic ring, conserve
volume

'BUT WHEN 1 DO | CALL THE
STRYKER REP




.

kKU 11
mR 8,
“L 8,

Fr24q /2008




| DON'T ALWAYS ASK FOR H
A,

A

'BUT WHEN 1 DO | CALL TH

STRYKER REP

Operative Indications
i.e. What the surgeon is thinking about

* Active resuscitation
e Close down pelvic ring, conserve volume

e Assist in mobilization
e Decreased motion at the joint = decreased pelvic pain
= increased mobility
e Prevent long term functional impairment

e 30-50% average of post-traumatic Sl joint
dysfunction/pain after pelvic ring injuries
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Non-Operative Considerations

e X-rays/CT are a static representation of a dynamic/fluid situation
e Deformity may be worse than what is seen on imaging
e Especially if binder/sheet was placed in the field
e Stress radiographs may be helpful

e Post-mobilization radiographs should be obtained in conservatively managed
patients to ensure no significant changes

e Look for evidence of instability
e Lumber TP fxs

e Sacrotuberous/sacrospinaous ligament avulsions
* Etc.
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Principles of Operative
Treatment

» Posterior ring structure is important

e Goal is restoration of anatomy and
enough stability to maintain reduction
during healing

e Most injuries involve multiple sites of
injury
* In general, more points of fixation
lead to greater stability

* This does NOT mean that all sites of
injury need fixation




Principles of Operative
Treatment

e Anterior ring fixation may provide
structural protection of posterior
fixation

* If combined open and percutaneous
techniques are used, the open portion is
often done first to aid in reduction of
the percutaneously treated injury




Surgical Treatment:
Preoperative Planning

e Consider patient related factors
e Surgical clearance, resuscitation
e Coordination of care

* Trauma surgeon, intensivist,
neurosurgeon




e Timing of surgery
e Reduction may be easiest in
first 24-48 hours

e May aid in
percutaneous reduction

e Patients often not

adequately resuscitated in
first 24 hours

e Potential for surgical
“secondary hit” on post-
injury days 2-5

 May be a significant

Preoperative Planning issue in open

procedures




1 & el — .
GEC Elite . . . S ST e ~

Preoperatlve * Intraoperative imaging

e Radiolucent table

Plann|ng  Fluoroscopy

* Radiologic Technician and Surgeon understand C-
arm views necessary



Preoperative
Planning

e Reduction tools
e Traction

e Pelvic manipulator (e.g.
femoral distractor)

e Specialized clamps




Preoperative
{l_l_l‘IIHS INI

Planning Lh

B, il By
e Implants needed T e

e Extra-long screws

e Cannulated screws, often
extra-long with
appropriate instruments

e Specialized plates for
contourability
(reconstruction plates)

e External fixation

-I-;a" .
L5
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Preoperative Planning - Surgical approaches

planned
e Soft tissues examined
e Patient positioning
planned

* Prone vs Supine

* |s it safe to prone
patient?

e Equipment/padding

for safe prone
A positioning

Here’s How To Correctly
Prone To Fight COVID 19




Surgical Approaches: Anterior Pel
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Reduction and Fixation Basic Principles

* Direct reduction
e Open and morbid, but anatomically correct

ires skills with clamp plmknoMnatomy -

~ * Picture perfect CHODSE YOUR

METHOD

DIRECT HEAT

* Indirect reduction
e Use implants and percutaneous technlques
to facilitate reductlon ' -
e Distractor
e Traction
e Reduce anterior pelvic ring

* Space for imperfection>>>"Fusion?.

I' i) II. IJI' LIIII.




Reduction and Fixation: Sl Joint Dislocation

ing
e Need more than
- to

avoid linkage
displacement

* Can be used in
L tandem or with
' Sl screw




Reduction and Fixation: S| Joint
Fracture/Dislocation
“Crescent Fracture”

* Sl screw
e |If caudal segment is in the path of
fixation screw
e Opportunity for percutaneous
treatment




o e

i Reduction and Fixation: Sl Joint Fracture/Dislocation
“Crescent Fracture”




Reduction and Fixation: Sl Joint Fracture/Dislocation
“Crescent Fracture”




Reduction and Fixation: Sl Joint Fracture/Dislocation
“Crescent Fracture”




Reduction and Fixation: Sl Joint Dislocation

_ OT placC '
~* Partially threaded for reduction

SIIAY

i --
 Knowledge of anatomy and | |mag|ng IS ( )

essential

e Be aware of sacral dysmorphlsm ( ‘
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Of course A\ &
size matters. \ o\ |\ When

'z WL AR choosing
Noone wants g, 1} \| surgical
A\ /b options....
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Fixation: Sacral Fractures

elvic fixaton

an be useful in unstable
Hor Y type sacral
fracture

- eTrans-iliac plating
| * Rarely done now
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Blomechamcs of Pelvic Fixation: Posterlor Eixation
ons include: | o

4 A
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T > PIate plus SI screv

-Any of the above are more

stable than smgle S screw,.«
in unstable | |njunes St J L
. What about pnmary fusnon? '



Biomechanics of Pelvic
Fixation: Posterior Fixation

* Lumbopelvic fixation

 Lumbopelvic dissociation
(unstable Y, H, or U type
sacral fractures)

e Sacral fractures with
significant instability

e Can provide axial (vertical)
stability that is not as
dependent on fracture
reduction/stability



Outcomes

This is adulthood
e Pain is common

* [mprovement occurs
for at least a year in
most patients

* Neurologic injury most
common predictor of
poor outcome

lowdRbacks
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~Qutcomes

Me in 2077 when my érandkids

S| dislocations have poor ask what was 2020 like

tolerance for residual

displacement
disp R

_| Sacral fractures have more
tolerance for displacement, but
parameters poorly understood

"

Injury Severity Score and
fracture type do not correlate
with functional outcome
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posterior stabt

Functional results
= Posterior lesion Fair Poor Total p value
Fracture of iliac wing 10 0 0 10 |
SI fracture-dislocations 10 4 | 15 0.11 |
Fracture of sacrum 15 £ - — 048 |
Pure S| dislocations 7 16 10 33 <0.001] | <0.01
All 42 34 12
SI, sacroiliac. JOURNAL OF ORTHOPAEDIC TRAUMA




Micro-Instability Caused
By Partial Sl Injuries

e Dujardin et al (2002), JOT

* Not restored by ORIF of
anterior ring

e Can cause late dysfunction and
degeneration of Sl joint

e “Larger spectrum of indications
for Sl Joint fixation”

Dujardin FH, et al. J Orthop Trauma. 2002; 16(2): 99-103.
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Conclusions Pehac ng Inj
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Complex constellation of injuries

\_

B Treatment based on comprehensive understanding of potential
pelvic ring instability, displacement, and associated injuries

Surgical techniques for reduction and stabilization continue to
| evolve
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Patient Care Continuum:

Patlent presentatlon
Vic/ ’k pain worse
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Fractures Involving the
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weakened bone without any ide
trauma or following a minor inju

) are caused by a recent dire
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Jence of | Pelvic.Fractl
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e Incidence of pelvic ring fx increased from 27 to 34 cases per 100,000 capita

Rochester, MN 1968 to 1977

e Incidence of pelvic fx was 37 cases per 100,000 capita
e Increasing incidence with age, and greater for women vs men
e Maximum incidence was 446 cases per 100,000 capita in women 85 or older
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g Germany 2008 to 2011

e Incidence rate of pelvic fx was 25 cases per 10,000 person-years
* Average age with first pelvic fx was 80 y/o
e 82% of cases were women
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Non-Traumatic Fractures Are Often Occult

* Few are identified with plain X-ray
e CT and MRI are more sensitive
e Can also consider bone scan

e 70% of patients with pubic rami fx also have sacral fx

Lyders EM et al. Amer J Neurorad 2010;31(2): 201-210.
Sahota O, et al. FFN Meeting. 2019; Abstract 249.






Cls are /5% Sensitive

.

Axial CT scans of the pelvis in 2 different patients demonstrate bilateral non-traumatic sacral fractures (white
arrows) with mottled sclerosis/lucency and cortical breaks.

! .

Lyders EM et al. Amer J Neurorad 2010;31(2):201-210.

s



100% Sensitive

=

inversion-recovery images demonstrate high-signal-intensity edema within the lateral sacrum. Note a horizontal component involving the
sacral bodies in C.

&

Lyders EM et al. Amer J Neurorad 2016}'3'1(2):'-'201-210.



CT vs MR Imaging

* MRI was substantially better than CT in detecting non-traumatic fr
on-traumatic frac

Cabarrus'MC, et al. American Journal of Roenfgeno/ogy. 2008;191: 995-1001. ' . - > S ——y
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' The Controversy Surroundingﬁ
| sacral Insufficiency Fractures:
To Ambulate or Not to
Ambulate?

Thromboembolic disease:

eDVT in up to 61%
*PE from 2% to 12% Fatal PE in 0.5%-10%

Muscle strength decline:

*1%-3% per day, or 10%-15% per week Babayev Marietta MD; Lachmann, Elisa-

" beth MD; Nagler, Willibald MD

American Journal of Physical Medicine & Rehabili- |
tation. 79:p 404-409, July-August 2000.

=

Cardiac function: '

eStroke volume and cardiac output decrease
¢20 to 72 days to restore pre-bed rest cardiac function

PR — —
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¢Ciliary clearance and the coughing mechanism are impaired
eAtelectasis, secretions, and pneumonia
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i — Genitourinary disorders: '

eCalculus, UTI, urosepsis, retention, and incontinence
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Predisposition to pressure ulcers
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= 148 patients (126 women) were studied:

'urgwatmen : H|gh I\/Iaﬁllty (__p to 27¢ =

Postgrad Med ¥ 2000;76:646-650

Closed pelvic fractures: characteristics and

outcomes in older patients admitted to medical
and geriatric wards

Robert O Morris, Adeniyi Sonibare, Desmond ] Green, Tahir Masud

TH

83% (n=123) of patients suffered a pelvic fracture in low energy trauma
Mean (SD) length of hospital stay was 21.3 (17.6) days
Inpatient mortality was 7.6% and at one year was 27%

There was a marked adverse effect on the mobility of survivors with all patients using at least a
walking stick at discharge and 51.1% (n=70) needing assistance for mobility

Rates of institutionalization rose from 20.9% (n=31) at admission to 35.8% (49/137) of survivors at
discharge
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Evolution of Nonop Care to Surgical Intervention

Analogous to Non-Traumatic Hip Fractures

Bedrest - Former standard of
care

Now rarely used because of poor outcomes -- F
and prolonged hospital stay?

Ossendorf,-C et al. Patient-safety in surgery.
2010.4.16.10.1186/1754-9493-4-16.

1. Parker M, et al. BMJ. 2006 Jul 1; 333(7557): 27-30.



- -

- “"“"' e
k ‘e

siliac=Transsacral Screws: Lack Longer-Te

Examined whether percutaneous transiliac—transsacral screw fixation improves
pain, ambulation, length of stay, and the rate of disposition to home in patients
w=s With sacral fragility fractures.

 Decreased pain, improved ambulation, and increased the
rate of disposition to home.
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Contents lists available at ScienceDirect

Injury

journal homepage: www. elsevier. com/locate/injury

Treat with variety of screw constructs:

Good functional outcome in patients suffering fragility fractures of the
pelvis treated with percutaneous screw stabilisation: Assessment of
complications and factors influencing failure

e 23 single transiliac-transsacral screws
e 27 ilio-sacral screws (16 single, 11 double)

Henrik Eckardt’", Alexander Egger’, Rebecca Maria Hasler’, Christoph ]. Zech”,
Werner Vach?, Norbert Suhm®, Mario Morgenstern”, Franziska Saxer”

- e

* No loosening if two screws
e 2/23 (8.7%) loose for transiliac-transsacral screws
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Non-Traumatic Sacral Fx Complications

Nonsurgical management: Surgical management:

A 4. Babayev M, et al. Am J Phys Med Rehab. 2000;79:404-09

1. Taillandier J, et al. Joint Bone Spine. 2003;70 (4):287—-289. 5. Geerts WH, et al. N Engl J Med. 1994;331:1601-6.
2. Breuil V, et al. Joint Bone Spine. 2008;75:585-8. j




THAT HAS YET

What is
next?

TO'BE DETERMINED



My ER is filled to the
brim with acute
exacerbation of
chronic nonsense.

I'D LIKE TO TRY AN
CXPERIMENTAL GRRMAN
TRCATMENT CALLED
“KWITCHeRBICHeN?
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