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Abstract

Introduction: The incidence of anterior pubic rami fractures in elderly female patients over the age of 65 has been reported
to be 64 %. Osteoporosis plays a role with these fractures, as they are caused by minimal low energy injuries from a fall.
Indications for internal fixation of anterior pelvic ring are controversial because of the etiology being low energy trauma and
the location being a non-weight bearing surface. In contrast to conventional open pelvic surgery, percutaneous screw fixation
has gained popularity in the treatment of pelvic fractures, mainly because of minimal soft tissue damage, less operative blood
loss, early surgical intervention, and comfortable mobilization of the patient. The use of calcium phosphate as a form of
internal fixation further advances the advantages of minimally invasive surgery for internal fixation with less morbidity by
the use of screw fixation. The incorporation of fluoro-navigation is a new surgical technique in orthopedic trauma surgery.
(Figure 1) This study is to report our clinical results of fluoro-navigation surgery in anterior pelvic pubic rami fractures using
calcium phosphate as the fixation of choice. This is the first report of this method of treatment using a new combination of
visualization and internal fixation.

Materials and Methods: From April 2018 to December 2019, 30 patients with anterior pubic rami fractures were treated
with percutaneous cannulated calcium phosphate delivery under Medtronic O arm (fluoro-navigation) control. There were 5
male and 25 females, with a mean age of 84.6 years (range 80-104) for females and mean age of 90 years (84 - 99) for the 5
males. According to the AO and Orthopedic Trauma Association classification, all were considered lateral compression types
of fractures. All patients were operated on when their general medical condition stabilized after emergency management
and admission. The pain score on admission was reported as 10/10 in all cases. Plain standard pelvic x-rays were obtained
on admission as well as CT scans of the pelvis. All the anterior pubic rami fractures were fixed using percutaneous delivery
of calcium phosphate with the Zimmer trocar system by one senior surgeon. The Medtronics O arm fluoro-navigation was
used in all cases. The surgeon was familiar with the navigation system and had much experience in the computer-assisted
percutaneous placement of the trocars.

Results: A total of 30 patients were treated with this new combination of surgical treatment of anterior pubic rami fractures.
No screws were inserted or found to be necessary for fracture treatment. Each case used 2 trocars from the kits supplied
from Zimmer. One end delivery trocar was directed to the inferior pubic ramus fracture and the second which was a side

delivery trocar was used for the superior pubic ramus fracture. A total of 10 cc of calcium phosphate was used in each case, 5
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cc per trocar. The position of the trocars were placed using the fluoro-navigation control of the O arm. Once the trocars were
properly placed the calcium phosphate was delivered and viewed under flouro control and then again viewed with the spin
sequence using the Medtronics O arm. Total patient time in the operating room was 56 minutes; Total surgery time was 26
minutes. Anesthesia in most cases was MAC or light sedation with local skin infiltration using 1% lidocaine. Blood loss during
the operation was considered very minimal with derma bond used to cover the percutaneous sites as well as a small band-aid.
No superficial or deep infections occurred. No patient sustained recognized neurologic, vascular, or urologic injury because of
the percutaneous pubic rami fixation with calcium phosphate. Extravasation of the calcium phosphate from the fracture’s sites
did not pose any sequelae with soft tissue injury or with fracture healing. All patients were encouraged to get out of bed and
weight bear according to comfort on post-op day 1. All fractures united at the last follow-up.

Conclusions: This study presented for the first time two new techniques for the operative treatment of pubic rami fractures
of the pelvis. The delivery of calcium phosphate for fracture fixation of pubic rami fractures has been found to be safe,
minimally invasive, providing pain relief and stability permitting early mobilization. The addition of intra-operative fluoro-
navigation technique makes the fracture treatment an accurate, and rapid method for the treatment of pubic rami fractures.
Consistency of the operative procedure and teaching are mandatory for the success of this procedure. The learning curve for
most orthopedists should be very short. The outcomes have been shown to benefit patient mobilization, decrease morbidity

and decrease hospital stay.

Introduction pelvic fractures are osteoporotic. Their study found that in
patients over the age of 60 the percentage of osteoporosis as
The pubic rami are important structures of the anterior a cause of these fractures increased to 94% [5].
pelvis with major muscle attachment sites for the lower
extremities and the abdomen. Internal fixation of fractures A study, by the Mayo Clinic, by Melton reported on the
of the pubic rami can stabilize the pelvic ring and enhance incidence of pelvic fractures over a 10-year period (1968-
early mobility and weight bearing [1]. Pubic rami fractures 1977)[6]. Their study found that for men aged 55-74, the
represent 7% of all osteoporosis related fractures in people incidence of low energy pelvic fractures was 7/100,000
greater than 50 years of age in the United States. These person years. The rate increased to 63.9/100,000 in men
fractures account for 5% of the total cost burden [2]. Pubic of 75 years and older. The rate increased to 220.3/100,000
rami fractures occur in patients greater than 65 years of person years when older than 85.
age after a low-energy fall. These fractures are common in
elderly females [3,4] (Figure 1). Indications for internal fixation of pubic rami fractures

are controversial. Non-operative treatment including bed
rest and mobilization according to comfort has been the
standard of management [7]. Percutaneous screw fixation is
gaining popularity in the treatment of pelvic and acetabular
fractures mainly because of minimal soft tissue damage,
less operative blood loss, early surgical intervention and
comfortable mobilization of the patient [8-10]. A previously
published report demonstrated the successful use of calcium
phosphate as the internal fixation product of choice [11].
C-arm fluoroscopy was used during surgery, as reported with
percutaneous screws, achieving good accuracy and avoiding
neural or vascular injury.

This technique requires a working knowledge of pelvic

Figure 1: O arm in position over patient in supine position. anatomy by an experienced surgeon. Fluoroscopy provides
one image at a time allowing the confirmation of trocar, guide

One study by Kannus, found many pelvic fractures have wire or screw placement. There is extension of surgical time

an osteoporotic origin and their study noted that 64% of all with prolong radiation exposure for both the patient and the
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surgical team. The advent of calcium phosphate for fracture
fixation plus the use of the Medtronics O arm (fluoro-
navigation) for trocar placement has greatly expanded the
indications for pubic rami fracture fixation [12-15]. Screws
are no longer necessary for fixation and do not need to be
removed.

This report offers a new option for surgical fixation
of pubic rami fractures using percutaneous placement of
calcium phosphate using fluoro-navigation. The patient’s
image data gives real-time guidance in numerous image
planes during the surgery. This study is the first to investigate
surgical results of fluoro-navigated surgery in anterior pubic
rami fractures using calcium phosphate internal fixation.

Materials and Methods

From April 2018 to December 2019, 30 patients
with anterior pubic rami fractures were treated with the
Medtronics O arm (fluoro-navigation system) using calcium
phosphate fixation. Patients were included in this study if
they had displaced, nondisplaced or a minimally displaced
closed, anterior pubic rami fractures. General patient data,
plus preinjury status, were recorded at admission.

There were 5 men and 25 women, with a mean age of
84.6 years for the females (range 80-104) and average age
for the males of 90 years (range 84-99). According to the
Young and Burgess classification, all fractures were classified
as lateral compression [16,17]. All patients reported pain as
being 10/10 on presentation to the emergency department.
Routine AP pelvic films were obtained as well as a pelvic CT
scan on admission (Figure 2).

Figure 2: CT scan of superior pubic ramus fracture.

The diagnosis of superior and inferior pubic rami
fractures was made from these studies. Preoperative
planning was conducted according to the fracture type and
soft tissue condition, No patient was excluded, and all were
taken to the operating room when their overall medical
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condition stabilized. All the pubic rami fractures were fixed
with calcium phosphate by one surgeon (JMR). Familiarity
with the navigation system and the use of calcium phosphate
facilitated the timely completion of the procedure.

The surgical position was supine on the special radiology
table. The O arm was positioned over the patient and
centered over the rami fractures (Figure 3). Both side of the
anterior pelvis were visualized. Positioning of the patient and
the equipment was important for a successful navigational
operation. The surgeon was positioned on the right side of
the patient and in most cases distal to the O arm position.
AP, inlet, and outlet images were collected for the surgery.
The O arm in all cases was tilted cephalad to caudad in the
fluoroscopy position to help with trocar placement. The spin
sequence to check trocar placement within the fractured
rami confirmed accurate positioning. No reduction of the
fractures was necessary and the fractures were filled with
calcium phosphate. Extravasation was noted of the calcium
phosphate into surrounding soft tissue which indicated
adequate filling of the fracture site.

Figure 3: O arm in position.

Figure 4: Conventional C arm positioned for trocar
placement into rami fractures.

The skin was stabbed, skin and soft tissue were
depressed over the superior surface of the pubic symphysis
and the trocar sleeve was then inserted into the bone surface.
This was done by hand and no drill system was necessary
as the bone was osteoporotic. (Figure 4) Multiplanar images
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were presented, and the trocars could be redirected as Results
needed. The total operating room time was recorded and the
total surgical time from surgical start to surgery finish. A total of 60 trocars were inserted, two trocars per
patient. An end delivery trocar was used to access the
N inferior pubic ramus fracture, and a side delivery trocar for

the superior pubic ramus fracture. (Figure 5) 5 cc of calcium
phosphate was delivered to each fracture site through the
accurately placed trocars under flouro-navigated control.
(Figure 6) The average surgical time was 26 minutes for
the entire procedure with total OR time averaging 56
minutes. The surgery was minimally invasive with bleeding
recorded as minimal No superficial or deep infections
were reported as a post-operative complication. No patient
sustained a recognized neurologic, vascular, or urologic
injury as a result of the percutaneous pubic rami fracture
fixation. Extravasation into the surrounding soft tissue did
not pose any surgical sequelae post-operatively. (Figure 7)
Extravasation was viewed as adequate fracture filling. All the
fractures showed union at one year post surgery.

Discussion

Figure 5: (a,b) O arm projection for trocar placement. )
Studies have shown 30% of the load of the upper

- ~ body is transferred to the hips through the anterior pelvic
ring [18]. In order to improve stability and prognosis for
this area, the pubic rami fractures must be fixed. Closed
reduction with percutaneous fixation of nondisplaced or
minimally displaced fractures of the anterior pelvic ring is
gaining popularity. Minimally invasive procedures of the
pelvis, reduce exposure-related hazards and decrease soft
tissue disruption. Because of the complex three-dimensional
(3D) of the pelvis and the proximity to neurovascular
structures, the percutaneous pubic rami fracture fixation
is demanding and requires the surgeon to have detailed
anatomic knowledge and extensive surgical experience.
Navigation surgery aims to replay surgical action performed
on a computer monitor in real time [19]. This technique was
first used in neurosurgery in 1986 [20,21]. Now it is widely
) used in orthopedic operations especially pelvic trauma [22].

Figure 6: Post calcium phosphate delivery, inlet view of
pubic rami.

With the navigation technique in our surgery, the
average surgical time was 26 minutes total per procedure
compared to 23.3 minutes per screw placement. The results
of this report compared well with the screw placement series
The incision was basically 2 small percutaneous sticks. Far
less then what is needed for screw placement Surgical post-
operative sequelae was nonexistent as no patient sustained
a recognized neurologic, vascular, or urologic injury. This
proved that the combined technique using calcium phosphate
for pubic rami fracture fixation with fluoro-navigation
technique was a safe and accurate approach. With the aid of

Figure 7: Post placement of calcium phosphate into pubic the .combirlled technique of calcium phos_phate fixation for
rami, AP view. pubic rami fractures and flouro-navigation, surgeons can
\ J shorten their learning curve for pelvic surgery.
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Fluoro -navigation surgery for orthopedic trauma is
still at the early clinical stage, this study recommends that
nondisplaced or minimally displaced fractures of the pubic
rami can be easily fixed with minimally invasive surgery
under fluoro-navigation. Our study lacked a control group
so we cannot directly compare the clinical results with the
conventional percutaneous screw fixation technique. Using
calcium phosphate fixation with the O arm (fluoro-navigation
technique) could become a safe, accurate, and rapid method
for the treatment of anterior pelvic ring fractures involving
the pubic rami. Widespread use of calcium phosphate
fracture fixation along with the integrated use of the O arm
(fluoro-navigation) offers capability to improve patient care.

Conclusions

This study presented for the first time two new
techniques for the operative treatment of pubic rami
fractures of the pelvis. The delivery of calcium phosphate
for fracture fixation of pubic rami fractures has been found
to be safe, minimally invasive, providing pain relief and
stability permitting early mobilization. The addition of intra-
operative fluoro-navigation technique makes the fracture
treatment an accurate and rapid method for the treatment of
pubic rami fractures. Consistency of the operative technique
and teaching are mandatory for the success of this procedure.
The learning curve for most orthopedists should be very
short. The outcomes have been shown to benefit patient
mobilization, decrease morbidity and decrease hospital stay.
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