CHAPTER 19: PELVIC RING INJURIES
Kyle F. Dickson
Pelvic ring disruptions are typically part of a complex set of injuries to both the axial skeleton and the contents of the pelvis, including the gastrointestinal tract, the bladder and lower genitourinary tract, and the pelvic floor structures. Pelvic ring injuries can be life threatening in the acute phase. Surviving patients may have chronic problems due to associated neurovascular injury, pelvic ring deformity or instability, and the sequelae of associated injuries to the surrounding soft tissues or visceral structures. These factors can lead to persistent pain, sitting imbalance, limblength discrepancy, sexual/reproductive dysfunction, or bowel/bladder dysfunction. Clearly, the decisions about the management of pelvic ring injuries must consider all of these factors, and these injuries can be very difficult to treat successfully. Low-energy pelvic injuries due to minor falls rarely require surgical intervention. Conversely, patients with high-energy pelvic injuries often require operative treatment to save their life and prevent complications related to instability or deformity of the pelvis. Patients with high-energy pelvic injuries are often hemodynamically unstable with significant associated injuries. Their survival relies on the acute management of the associated injuries as well as the pelvic injury. The acute management of pelvic injuries is beyond the scope of this chapter.

This chapter deals primarily with the operative techniques used in pelvic injury management, including placement of external fixators, as well as definitive open reduction internal fixation of the various types of pelvic injuries. The complex three-dimensional bony and soft tissue structure of the pelvis is unfamiliar to many orthopaedic surgeons and complicates successful treatment of injuries to the pelvis. Classification systems include components of anatomy, stability and deformity, and injury vector force. These classification systems may aid in the treatment of potential associated injuries.1 When making decisions about the definitive fixation of pelvic injuries, however, it is critical to understand the stability and deformity of the pelvis. Once the vector of deformity is discovered, the vector of reduction can then be planned using various combinations of closed and open reduction techniques. Of secondary importance is the type of fixation. In general, among the higher energy pelvic injuries, internal fixation is mechanically superior to external fixation.2 The external fixator is used more commonly during the initial stabilization of the patient, prior to definitive internal fixation. The exception to this generality is the use of definitive external fixation in injuries that are stable posteriorly (i.e., internal rotation deformity of the pelvis or an open book pelvis) where an anterior external fixator can be used for definitive fixation. This chapter briefly reviews the classification system that is useful for determining indications for surgical treatment and choosing appropriate definitive fixation. Emphasis will be placed on surgical treatment by initially describing the deformities that are common and the specific techniques regarding approach and reduction of the pelvic injury.

Classification and Anatomy
Prior to the orthopaedic surgeon being able to classify a pelvic injury, the anatomy of the pelvic injury must be understood. The inherent bony stability of the pelvis is very limited. Fig. 19.1 demonstrates the key role that ligaments have in maintaining pelvic stability. One can easily see that disruption of the ligaments causes the pelvis to become completely unstable due to the lack of intrinsic bony stability. When pelvic instability is present, anatomical operative reduction and fixation generally increases the stability of the pelvis. Appropriate fracture reduction is especially important in the posterior pelvic ring because a malreduced fracture may make safe iliosacral screw fixation impossible.3 In classifying pelvic injuries, the most significant information for the orthopaedic surgeon to define is (1) where the pelvis is broken, (2) the stability of the fracture, and (3) the actual deformity that is occurring in the pelvis. The specific location of the injury is easily defined by the imaging evaluation—anteroposterior (AP) inlet/outlet radiographs, and computed tomographic (CT) scan of the pelvis. Defining the stability of the pelvis is more complex. Stability is defined as the ability of the pelvic ring to withstand physiological forces without abnormal deformation. The stability of the pelvis is determined by both physical and radiographic examination. The physical exam uses palpation to ensure that the anterior-superior iliac spine (ASIS), iliac wing, and symphysis are located in their proper positions. Furthermore, an ASIS compression test and iliac wing compression test should be performed. The ASIS compression test is performed by placing the palms of one’s hand on the right and left ASIS and rocking the pelvis. In a hemodynamically unstable patient, this should be performed only once. This determines whether the pelvis rocks as a unit versus complete separation of the two halves of the pelvis. The ASIS compression test evaluates the external rotation of the hemipelvis. The iliac wing compression test is performed by placing the palms of the hands on the outside of the iliac wings and pushing the two wings together. This tests internal rotation instability.

Vertical instability is much more difficult to determine by physical examination. Traction or impaction of the leg using fluoroscopy can show caudal and cephalad migration of the hemipelvis. However, the degree of dissociation between the two sides of the pelvis will often be associated with vertical instability. The ASIS and iliac wing compression tests are performed often at the bedside, whereas the vertical migration tests are easier to perform under anesthesia in the operating room. Tests for vertical instability should not be done when sacral fractures are present because of the risk of injury to the sacral nerve roots. Radiographic signs of instability include sacroiliac displacement of greater than 5 mm in any plane or a posterior (ilium or sacral) fracture gap rather than impaction. Some radiographs clearly show instability, whereas other findings are much more subtle (Figs. 19.2 and 19.3). Using the combination of radiographs and physical exam, the surgeon can determine whether the pelvis is stable and can be treated nonoperatively, or is unstable and requires reduction and stabilization.

Several classifications of pelvic ring injuries have been proposed. A simple classification that is used at the author’s center is the Bucholz classification.4 Type I injuries are stable and do not require fixation. These injuries include isolated pubic rami fractures or minor (< 2 cm) disruptions of the pubic symphysis. Such injuries may be accompanied by nondisplaced or impacted sacral fractures. Bucholz type II injuries have rotational instability, with either internal or external rotation deformity, and may require reduction and stabilization. Bucholz type III injuries have complete dissociation of the hemipelvis from the rest of the body and are characterized as being both vertically and rotationally unstable (Fig. 19.4A,B). The most critical analysis of the injury prior to fixation is the actual deformity of the pelvic injury. Only by defining the deformity can the surgeon plan the appropriate reduction maneuvers to anatomically reduce the pelvis. Unfortunately, the complexity of the pelvis makes analysis of the deformity quit difficult. It is helpful to think of the deformity on an x-, y-, and z-axis5–7 (Fig. 19.5). Each axis has a translational deformity as well as a rotational deformity. The rotational deformities include flexion or extension around the x-axis, internal or external rotation around the y-axis, and abduction or adduction around the z-axis. The translational deformities of the pelvis include diastasis or impaction along the x-axis, cephalad or caudad translation along the y-axis, and anterior or posterior translation along the z-axis.

In a pelvic injury, the deformity is always a combination of rotational and translational deformities. The hemipelvis does not deform along a single point, but its deformity can be represented as a vector of deformity from an anatomically positioned hemipelvis. Understanding the radiographic landmarks and how they change with various deformities enables the surgeon to define the deformity and thus the preoperative plan for reduction. Furthermore, these radiographic landmarks are essential in assessing reduction. Cranial translation of greater than 1 cm can be difficult to appreciate without leveling the pelvis and performing measurements on the pelvis (by drawing a transverse line parallel to the cephalad border of the sacrum and a perpendicular line measuring the dome height for leg length discrepancy and ischial height for sitting imbalance determination). Assessing rotational deformities is equally challenging if the surgeon does not center the pelvis by positioning the radiographic beam to get a pure AP of the sacrum. An apparent deformity of the hemipelvis can be the result of a true traumatic deformity, tilting of the patient while the radiograph is taken, or both.

Understanding the mechanism of injury allows the surgeon to predict the type of deformity. Burgess et al. proposed a classification of pelvic ring injuries that is based on the underlying mechanism of injury.8 Pelvic ring injuries are divided into anterior-posterior compression, lateral compression, vertical shear, or combined patterns (Table 19.1). The anterior-posterior and lateral compression injuries are each divided into three subtypes with increasing degrees of instability. This scheme has proven valuable because it allows one to predict instability and consider reduction and fixation strategies that are appropriate for a particular case. For example, a patient that is hit from the side in a motor vehicle accident often has a lateral compression type of injury causing an internal rotation, flexion, and adduction deformity of the hemipelvis6,7 (Figs. 19.6 and 19.7A,B). Likewise, patients that fall on their back or are crushed from the front often have an open book pelvic injury with an external rotation and abduction deformity (Figs. 19.8A,B; 19.9; and 19.10).
Nonoperative Treatment
A pelvic fracture that is classified as a Bucholz type I pelvic injury is stable and should be treated using nonoperative techniques. Another type of pelvic ring injury that can be managed nonoperatively is the lateral compression injury with impaction of the sacrum and minimal displacement of the anterior ring (Figs. 19.6 and 19.11). Additionally, fractures that involve the pubic rami without a clear injury posteriorly also do not require surgical treatment. Rarely avulsion of the ischium, anterior-superior iliac spine, or anterior-inferior iliac spine does occur. In these cases the pelvic ring is stable; however, there can be significant displacement of the avulsed fragment. No literature gives definitive recommendations on operative versus nonoperative treatment of displaced avulsion fractures, and decision making should occur on an individual case-by-case basis. The author uses greater than 1 cm of displacement as an indication to operate on these avulsions. Minimally displaced or impacted injuries of the pelvis are both radiographically and mechanically stable. These injuries can be treated by touch-down weight bearing for 6 to 8 weeks. Initial weekly x-rays should be performed to ensure that no additional deformity occurs. After 6 to 8 weeks, more aggressive exercise and range of motion ambulation training with physical therapy is recommended.

Indications for Surgical Treatment
The indications for surgical treatment of pelvic ring injuries include those patients that fail nonoperative treatment as well as those pelvic injuries that are unstable or that have unacceptable deformity. As mentioned in the nonoperative section, avulsion fractures should be reviewed on a case-by-case basis. In general, avulsion with displacement greater than 1 cm leads to significant pain and weakness of the involved muscle that is attached, and therefore the author recommends operative fixation of these injuries. An additional indication for surgery includes pelvic injuries that may be stable but have significant deformity. An example of this may include an internal rotation deformity as a result of a lateral compression type of injury in which there is greater than 20 degrees of internal rotation of the hemipelvis, or greater than 1 cm leg length discrepancy (Fig. 19.12).6,7 Additionally, these internal rotational deformities can cause a ramus fracture that pierces the bladder or vagina. In these cases it is necessary to externally rotate the hemipelvis to remove the bone from the bladder or vagina. Because these are stable injuries, a simple external fixator can be used to externally rotate the pelvis and restore the normal pelvic anatomy. Unfortunately, if the deformity persists, an osteotomy is required prior to performing the external rotation7 (Figs. 19.12 and 19.13). However, in most cases ramus fractures do not require fixation whether there is an isolated anterior injury or a combined anterior and posterior injury. In cases where there is greater than 15 mm of displacement associated with a posterior injury, the very strong pectineal fascia may be disrupted, and therefore open reduction and internal fixation of the ramus fracture is indicated.9 In external rotation deformities or open book pelvic injuries, the indication for surgery is greater than 2.5 cm of diastasis of the pubic symphysis. Widening of less than 2.5 cm may require surgical fixation if there is an associated posterior injury. Disruptions of the posterior sacroiliac ligaments of the pelvis begin to occur with more than 2.5 cm of displacement. There are pelvic injuries that appear as simple symphysis diastasis that actually include a complete disruption of the posterior part of the pelvis. In these injuries, reduction of the diastasis with an anterior external fixation frame will widen the posterior complex and demonstrate posterior instability (Fig. 19.14A,B).
The majority of pelvic injuries that require operative treatment are those that have complete instability of the hemipelvis. This may occur through the sacroiliac joint, or with a combination fracture-dislocation involving either the sacrum or the iliac wing (crescent fracture). Alternatively, injuries can involve just the sacrum or just the iliac wing posteriorly. Instability is determined by a combination of physical examination and radiographic analysis. The radiographic signs of instability were defined in the classification section and include either or both greater than 5 mm of displacement of the sacroiliac joint and a fracture gap versus a fracture impaction. Additionally, a mobile hemipelvis during physical examination is an indication for surgical treatment. The surgical treatment of a pelvis fracture involves three steps: the approach, the reduction, and the fixation. In high-energy pelvic injuries, patients can have significant associated morbidity. While performing acute stabilization of the pelvis, orthopaedic surgeons have the ability to control the reduction and prevent complications. A thorough understanding of the anatomy of the pelvis, as well as the deformity of the fracture, will optimize these two areas of control.

Surgical Treatment
Anterior Ring Injuries
Pubic Symphysis Diastasis (see Video 19.1, Disk 2)
As already mentioned, symphysis pubis displacement of greater than 2.5 cm is an indication for surgical treatment. The method of fixation can be either an external fixator or internal fixation with a plate. External fixation can be successful but is associated with the risk that a missed posterior disruption will lead to posterior pelvic deformity (Fig. 19.14A,B). Another problem with external fixation is pin tract infections and skin necrosis in obese patients. Finally, patient acceptance of external fixation is not good. External fixation can be implemented with either an anterior or a posterior frame. As mentioned earlier, placement of most external fixators occurs in the acute setting to stabilize the hemipelvis in a hemodynamically unstable patient (systolic blood pressure less than 90 mm Hg) who has a mechanically unstable fracture. The technique for placing an anterior and a posterior frame will be described. Placement of the anterior frame is safer, and most orthopaedic surgeons are more comfortable with the anterior technique. However, an anterior external fixator may not provide adequate support in a completely unstable pelvic fracture. In general, a four-pin external fixator is used. Understanding the deformity can allow the surgeon to better place the incisions for the pin placement. For example, if there is an external rotation deformity, the surgeon should place the incision medial to the iliac crest to reduce tenting of the skin with the pins following reduction. The gluteus medius tubercle is the ideal placement for the anterior pins.

A stab incision is made 2.0 to 2.5 cm posterior to the anterior superior iliac spine. This incision is taken down to the crest of the iliac wing. Laterally, the iliac wing often has a shelf. However, medially or internally the iliac wing is confluent with the crest. Therefore, placing a K-wire along the inner cortex helps define the angle of the gluteus medius tubercle and helps the surgeon place a longer fixator pin within the bone. The author’s preference for pin placement is two pins separated by ~4 cm. Initially, a pilot drill hole is placed through the cortex on the top of the iliac crest. A Schanz pin is then placed into the drill hole and driven between the two tables of cortical bone in the iliac wing. If the pin exits the pelvis, it still has a good bicortical bite. The other pin is placed using the same technique. After two pins are placed on each side, they are attached to each other with a bar after manipulating the two hemipelves together to obtain a reduction. These two bars are then attached to a third bar once reduction is obtained. In the acute setting in a hemodynamically unstable patient, the surgeon must understand the vectors required to obtain a reduced pelvis.6 Frequently, in completely unstable pelvis injuries, reduction of the posterior pelvis is important to controlling bleeding and obtaining hemodynamic stability. A combination of traction either in full extension or with hip flexion to approximately 45 degrees along with compression in the posterior part of the pelvis will usually accomplish a very acceptable reduction of the hemipelvis. A frequent mistake occurs when surgeons try to compress the diastasis anteriorly, causing a flexion internal rotation deformity of the hemi-pelvis, often opening up the posterior part of the pelvis (Fig. 19.14A,B).
In the acute setting, the stabilization and reduction of the posterior part of the pelvis are more important than decreasing the volume of the pelvis.10 Once the reduction is performed, tightening of the external fixator clamps will allow the surgeon to obtain relative stability of the hemipelvis. The skin is released around the pins, preventing later maceration and infection, and a second level of bars is added for stability. Alternatively, a two-pin fixation can be used with the pin placed between the anterior superior iliac spine and the anterior inferior iliac spine. These pins yield excellent purchase in the supra-acetabular bone and can be incorporated into an anterior frame or used bilaterally to compress the posterior injury. One disadvantage of the two-pin technique is that an adduction-abduction rotational deformity is harder to correct with a single pin on each side of the pelvis.

The posterior external fixation frame (C-clamp) is used for the same indications as the anterior fixator, with the additional advantage of posterior stabilization. The contraindication for placement of the posterior clamp is an iliac wing fracture anterior to the sacroiliac joint because compression of the joint will not help the reduction of the iliac wing fracture. Comminution of the sacrum requires special consideration because overcompression can be harmful to the patient. The technique for placement of the posterior clamp is as follows. With the patient in the supine position, an imaginary line is drawn from the anterior superior iliac spine to the posterior superior iliac spine along the side of the patient. This line is divided into thirds, and a longitudinal stab incision is made at the interval between the posterior third and the middle third (Fig. 19.15). This site should be roughly in line with the greater trochanter of the femur. A long clamp is then introduced through the stab wound down to the bone. The bone is palpated with the clamp, and the flare of the iliac wing is located. This flare is at the level of the anterior end of the sacroiliac joint; thus pin insertion anterior to this risks penetration of the peritoneal cavity if the pin traverses the ilium. Immediately posterior to the flare is the area where the pin should be placed. This corresponds to the area of the iliac wing outside the sacroiliac joint. Once this area is determined, a pin is placed on both sides and hammered into the iliac wing. A clamp is then placed over the pins, and the surgeon manually compresses the clamp to fit snugly against the pins. The clamp has a cannulated, threaded bolt that slides over the pins and is tightened with a wrench, providing additional compression of the posterior pelvic injury. Traction is helpful in reducing the completely unstable pelvic injury prior to initiating compression (Fig. 19.16A,B).
As mentioned, overcompression is a potential complication, and therefore radiographic evaluation is required following application of the frame. One concern is that the posterior pins of the C-clamp may lead to a subsequent infection when iliosacral screws are placed for the definitive treatment of the posterior pelvic injury. In the author’s series of more than 20 staged cases using the above protocol, there have been no secondary infections of the iliosacral screws. However, the concern remains.

Symphyseal disruptions are more commonly treated using open reduction and internal fixation of the symphysis. There are two approaches commonly used: either a midline incision or the Pfannenstiel approach. The midline incision is most frequently used as an extension of an exploratory laparotomy performed by the general surgeons to treat intra-abdominal pathology. More commonly, a Pfannenstiel approach is performed. The incision for the Pfannenstiel approach begins 1 cm above the symphysis pubis and is ~10 cm in length (Fig. 19.17A,B). A critical component of the exposure is to maintain the rectus abdominis attachment to the rami anteriorly. Adequate visualization and reduction of the fracture can be performed with the rectus attached. If the muscle insertion is detached during the approach, patients may have postoperative pain. Frequently, one head of the rectus is traumatically disrupted and requires repair to the remaining rectus as well as reattachment to the distal insertion. Deep to the skin layer, the fascia covering the two heads of the rectus is identified. The midline can be identified by noting a chevron V pattern of the muscle fibers. The crossing of the two sides of the fibers guides the surgeon to the midline between the two heads of the rectus. If muscle is seen, then the incision is angled to try and stay between the two heads of the rectus. Once these are separated, the rectus can be cleared from the superior portion of the rami while maintaining its attachment anteriorly. The superior ramus attachment of the rectus is released initially with an electrocautery medially and then using a periosteal elevator laterally. The superior portion of the rectus insertion is released on each side of the symphysis pubis. Hohman retractors are used beneath the rectus to help improve the exposure. A malleable retractor is used to hold back the bladder for exposure and to prevent injury (Fig. 19.18).
Alternatively, laparotomy sponges can be packed between the symphysis pubis and the bladder, providing both retraction and protection of the bladder. Once the superior portions of the rami are cleared, reduction is performed using a Weber clamp. The skin is separated from the rectus, and the Weber clamp is usually placed through the anterior insertions of the rectus onto the pubic tubercles, as demonstrated in Fig. 19.19. Small pilot holes may be drilled into the bone to allow more secure purchase of the bone by the Weber clamp. Often, in addition to the external rotation injury, there may be an associated flexion-extension deformity in the pelvis. By manipulating the clamps, both deformities can be corrected, and a perfect anatomical reduction can be achieved. The cartilage between the two pubic bones is maintained and not debrided. If more force is required to achieve reduction, a Farabeuf or Jungbluth clamp can be used anteriorly with either a 4.5 or 3.5 mm reduction screw (Fig. 19.20A,B). In complete pelvic ring disruptions with posterior translation of one side of the pelvis, the displaced hemipelvis must be “pulled” anteriorly. Application of this type of vector usually requires the use of a Jungbluth clamp. Rarely, a reduction screw may pull out when large reduction forces are needed; in this circumstance a nut can be placed on the far side of the screw to help maintain fixation during reduction. The additional dissection of the anterior pubis needed for these maneuvers can cause further disruption of the insertion of the rectus as well as damage to the suspensory ligaments to the penis. These additional steps should only be used if the initial reduction attempts fail.

Once an acceptable reduction is achieved, the surgeon confirms that no posterior widening has occurred and there is posterior stability. Various options that are available for symphyseal plating include a two-hole plate with either 6.5 or 4.5 mm screws, or a four- or six-hole plate with smaller (3.5 or 4.5 mm) screws. The author prefers a six-hole curved plate with either 3.5 or 4.5 mm screws. The plate is placed on the superior aspect of the rami. Additionally, a second plate can be placed anteriorly for a more rigid 90/90 degree construct. This two-plate construct is not required in the acute setting.9 In malunion cases, double-plating is occasionally required.5 The surgeon bends the superior plate down ~15 degrees before the last hole on each side of the plate where the pubis bone connects with the rami. This anatomical sloping of the rami occurs over the obturator foramen. Screws inserted in the plane of the pubis can be up to 90 mm in length, and average 60 to 70 mm in length. Screws over the obturator foramen are significantly shorter, usually in the 20 to 30 mm range.

The timing of the repair of an associated genital urinary disruption is controversial. Frequently, urologists do not like to repair urethral injuries until several months after the initial disruption. In these cases a suprapubic catheter is required; however, this is associated with a high risk of infection. Tunneling the suprapubic catheter away from the symphysis disruption is helpful to prevent contamination of an anterior wound. However, in most cases ureterocystoscopy is possible with realignment of the urethra over a Foley catheter. This is the preferred approach and should be performed whenever possible. Delaying open reduction and internal fixation until the urine is no longer leaking into the pelvic area is indicated to prevent infection. The author usually waits 3 to 5 days after a urethral injury prior to plating the symphysis. Bladder ruptures should be repaired at the time of fixation of the symphysis regardless of whether it is an intra- or an extraperitoneal rupture.

Pubic Ramus Fractures (see Video 19–2, Disk 2)
As previously mentioned, most pubic ramus fractures are treated nonsurgically. Additionally, those that occur in conjunction with posterior pelvic instability can be treated nonsurgically without any loss of reduction.9,11 Although fixing the rami fractures may increase the stability of the pelvis, this is usually not necessary. Operative intervention is indicated in the following situations: when the pubic rami are impinging upon the bladder or vagina due to an internal rotation injury of the hemipelvis, when there is greater than 20 degrees of internal rotation of the hemipelvis, and when there is an associated leg length discrepancy of greater than 1 cm. In these cases, external fixation offers a simple method to externally rotate the hemipelvis and remove the ramus fracture from the bladder or vagina (Figs. 19.12 and 19.13). Alternatively, the Pfannenstiel incision can be extended into a modified Stoppa approach as needed to apply a plate across even high ramus fractures.12 Using the modified Stoppa approach, a plate can be placed from one sacroiliac joint all the way around the symphysis to the opposite sacroiliac joint. The difference between using the Stoppa approach and conventional symphyseal plating is that the plate runs along the inside of the pelvis as opposed to the superior aspect of the ramus. This technique is used when there is a posterior injury with greater than 1.5 cm of diastasis of the ramus fracture, indicating that the iliopectineal fascia has been disrupted. Disruption of the iliopectineal fascia leads to greater instability of the ramus fracture, and therefore surgical stabilization is indicated.

Alternatively, a ramus screw can be placed from the pubic tubercle into the supra-acetabular bone as a method of fixation.13 Placement of this intramedullary screw requires experience with fluoroscopy to ensure that this rami screw does not penetrate the joint. An obturator oblique with a cephalad tilt allows the corridor of bone to be visualized where the screw can be placed safely.

The timing of fixation is controversial and needs to be planned on a case-by-case basis. Performing initial fixation as early as possible often makes it easier to achieve reduction by either closed or open techniques. Initial stabilization with either or both external fixation and percutaneous iliosacral screws can achieve excellent success. However, if anatomical reduction is not achieved by closed methods, performing open reduction prior to achieving hemodynamic stability and allowing the initial bleeding to cease can lead to significant blood loss and potential mortality to the patient. In general, the author’s preference in a hemodynamically unstable patient with a mechanically unstable pelvis is to stabilize the pelvis with a pelvic sheet or external fixator in the emergency room. If the patient is going to the operating room due to another emergency condition, the external fixator can be placed in the operating room. Additionally, closed reduction and percutaneous fixation of posterior disruptions can be undertaken at the same time. Anatomical closed reductions become progressively more difficult to achieve after 24 hours. Occasionally, symphyseal plating is used in combination with an exploratory laparotomy to give the pelvis some anterior stability. However, only a few degrees of a malunion anteriorly can translate into more than a centimeter of displacement posteriorly. Ideally, definitive fixation is undertaken when the patient has stabilized and is in positive fluid balance (5 to 7 days from the injury).

Posterior Ring Injuries (see Video 19–3, Disk 2)
Sacroiliac Joint Dislocations (see Video 19–4, Disk 2)
Good radiographic evaluation is required for accomplishing either an anterior or a posterior approach to the posterior pelvic injury. Therefore, the surgeon must position the pelvis to ensure that good AP, lateral, inlet, and outlet views can be obtained to evaluate the reduction and perform the fixation of the pelvis.

With all pelvic injuries, reduction of the sacroiliac joint or the posterior pelvic injury is critical prior to inserting fixation. During the initial period (less than 48 hours) following injury, closed reduction and fixation can potentially be achieved. Closed reduction techniques include traction and manipulation using traction, as well as manipulation of the reduction using the external fixator or half pins (in the anterior-inferior iliac crest region) as reduction aids. Definitive fixation of the sacroiliac joint is often accomplished using iliosacral lag screws. Anterior sacroiliac plating and transiliac bars or plating are also acceptable options. If closed reduction fails to achieve an anatomical reduction, or if more than 48 hours has elapsed since the injury occurred, open reduction and internal fixation of the posterior pelvic injury is indicated. The approach to sacroiliac joint disruptions can be undertaken either anteriorly or posteriorly. Benefits of the anterior approach include better visualization of the joint, the ability to keep the patient in the supine position (often preferred due to associated injuries in multiple trauma patients), and sparing the more damaged posterior soft tissue. The major problem associated with the anterior approach is achieving reduction of a posteriorly displaced hemipelvis. Posterior displacement is very difficult to reduce and hold from the anterior approach while placing definitive fixation. Often the reduction has to be held manually while fixation is being placed. Additional problems occur if there is a sacral fracture. Such injuries cannot be fixed with anterior plating, and reduction of a sacral fracture is very difficult from the front. Finally, the L5 nerve root is in significant danger with the anterior approach (Fig. 19.21). The anterior approach is indicated if there is a posterior crush injury to the soft tissue that prevents a posterior approach, if the patient has multiple trauma that cannot be placed in the prone position, and if there is an iliac wing fracture that is anterior to the sacroiliac joint.

The posterior approach facilitates reduction of the posterior pelvis using clamping techniques as opposed to the anterior approach. The surgeon can debride the joint with less risk of damaging the L5 nerve root. The ability to more easily achieve reduction using clamping techniques with a posterior approach is beneficial in patients that have had a long time interval from the injury to their definitive fixation. The surgeon also has more options for the types of fixation of the posterior pelvis when using a posterior approach (iliosacral screws, transiliac bars or plate, or lumbopelvic fixation). The primary problem with the posterior approach is that damage to the soft tissue from the injury may prevent this approach from being used safely. Another disadvantage is that the surgeon does not have the same visualization of the sacroiliac joint that is available from an anterior approach. The posterior approach is indicated in sacral fractures and in crescent fractures (fractures of the iliac wing) where the fracture line is primarily posterior to the sacroiliac joint, as well as when decompression of nerve roots is required.

The anterior approach is performed with the patient in the supine position. The leg is draped free to enable the surgeon to flex the hip and relax the psoas muscle and to manipulate the leg with traction and rotation to help reduce the injury. The surgical incision utilized is the iliac portion or upper window of the ilioinguinal incision. This incision is placed from the anterior-superior iliac spine to the point where the crest begins to fall away posteriorly and can no longer be easily palpated. The dissection is taken down to the iliac crest. The tendinous portion between the abdominal musculature and the abductors is incised. No muscle should be cut during this approach. Often there is abdominal muscle overhang that will be transected if the surgeon cuts straight to the crest. It is better to approach the crest somewhat laterally and inferiorly through the insertion between the abductors of the hip and the abdominal muscles that attach on the iliac crest. Using this technique, the muscle is not damaged, and the closure can more easily and securely be performed. This is especially important in very thin patients who will complain if they have a prominent iliac wing and their “love handles” have not been properly restored. Once the crest is exposed, the iliacus and iliopsoas are raised from the inner table of the ilium from the crest to the sacroiliac joint. Once the sacroiliac joint is palpated anteriorly, careful dissection is required to cross over the remaining ligaments of the sacroiliac joint and gain access to the sacrum. The L5 nerve root is ~2 to 3 cm medial to the sacroiliac joint superiorly. As one moves inferiorly on the sacrum, the L5 nerve root crosses the sacroiliac joint (Fig. 19.21).
As a result of these anatomical relationships, careful dissection on the sacrum is required to prevent damage to the L5 nerve root. Once 2 cm of the sacrum is exposed, a sharp Hohman retractor can be gently hammered into the sacrum, allowing retraction and excellent visualization of the sacroiliac joint. Retraction of the L5 nerve root must be minimized to prevent an L5 nerve palsy. As already mentioned, reduction of the sacroiliac joint can be problematic. An occasionally helpful technique when the symphysis is disrupted is manipulation of the symphysis with the Jung-bluth clamp (Fig. 19.20A,B). Additionally, use of a Farabeuf clamp on the iliac wing to manipulate the rotation of the hemipelvis as well as compress the sacroiliac joint is often useful. This can also be done with an external fixator or a pin placed into the crest and used as a joystick. Clamp placement in this area can be very difficult. Occasionally, in a thin person, flexion of the hip to relax the psoas muscle combined with a Farabeuf or Jungbluth clamp placed across the sacroiliac joint can complete the reduction.

Once anatomical reduction of the sacroiliac joint is achieved, many types of fixation can be used. Although technically demanding, iliosacral screws can be placed from the anterior approach. This is aided by elevation of the pelvic region with blankets utilized to elevate the patient off the radiolucent operating table. Because the sacroiliac joint is exposed, another option is placement of two plates. Either 4.5 or 3.5 mm plates can be used and should be positioned at ~90 degrees to each other. The best bone in this region is along the pelvic brim, and a threehole plate with one screw in the sacrum and the other two in the ilium along the brim achieves the best fixation. The surgeon has to remember that the sacroiliac joint is oriented obliquely in a medial direction ~10 degrees. Therefore, to prevent the screws from going into the joint, the angle of the screws has to be adjusted appropriately. Once the anterior-inferior plate is in place, a second plate can be added in a more posterior-superior location. This plate is oriented in a plane ~90 degrees to the first plate. Again, one screw should be placed in the sacrum and two in the ilium. There are special plates that have been developed for this area; however, their clinical usefulness over the foregoing construct has not been proven.

For the posterior approach, the patient should be placed in the prone position on a radiolucent table. The pelvis should be positioned so that appropriate inlet and outlet views can be performed. This often requires 6 in. of blankets or sheets under the thighs to prevent flexion of the pelvis and allow a good AP view of the pelvis. These blankets are in addition to chest rolls that improve ventilation in a prone patient. A critical aspect prior to embarking on a posterior approach is the assessment of the soft tissues. A common soft tissue problem is the Morel-Lavallée lesion, which can become infected in greater than one third of cases.14 This soft tissue degloving injury requires a thorough debridement prior to definitive fixation. Therefore, if the patient has one of these lesions, the author will do a thorough debridement with cultures prior to definitive fixation. If at the time of debridement the hematoma does not appear infected, then the patient will undergo a re-prep and drape, and definitive fixation will be performed during the same surgical procedure. Prior to prepping the patient, radiographic evaluation is performed with the C-arm to ensure that good inlet, outlet, lateral, and AP views can be obtained.

The incision is made 1 cm lateral to the posterior-superior iliac spine and is carried inferiorly or caudal in a straight line going from just above the crest to the midbuttocks area (Fig. 19.22A,B). The dissection is carried down through the skin to the fascia of the gluteus maximus. This fascia is somewhat tenuous and therefore may be somewhat difficult to maintain after raising a skin flap medially. The key to this approach is to elevate a full-thickness skin flap. The gluteus maximus originates from both the iliac crest superiorly and the lumbodorsal fascia inferiorly. An incision straight down to the posterior-superior iliac spine will cut through muscle of the gluteus maximus. If the muscle is incised, coverage of the posterior-superior iliac spine is more difficult, and there may be a higher incidence of wound dehiscence. A critical step in the approach to the posterior pelvis is to elevate the gluteus maximus muscle flap off the lumbodorsal fascia. This allows easier and more secure coverage of the posterior sacroiliac joint and decreases the risk of infection.15 Inferiorly, the origin of the gluteus maximus is close if not at the midline spinous process.

After exposing the entire origin of the gluteus maximus, the muscle is elevated from the crest as well as the lumbodorsal fascia, providing exposure to the sacrum and the sciatic notch. At the elbow or bend of the sacrum where the coccyx begins, the lateral origin of the piriformis is taken down from the lateral border of the sacrum. The release of the piriformis starts distally and extends proximally, allowing the contents of the sciatic notch to fall away and preventing iatrogenic damage to these structures.16 The piriformis still has an origin on the anterior sacrum, but the lateral border is released, allowing placement of clamps through the notch. The gluteus maximus is also taken off the lateral and posterior aspect of the iliac wing. Debris is removed from the joint, and a laminar spreader is often used to help with visualization and debris removal. Careful use of the lamina spreader is required because excessive widening of the sacroiliac joint can stretch and damage the lumbosacral plexus. The articular cartilage of the sacroiliac is never debrided, but loose pieces of articular cartilage are discarded. Once the sacroiliac joint is debrided posteriorly, a small portion of the joint is visualized and is used to guide reduction. There is a concave surface on the sacrum that fits into the convex surface of the ilium. The sacroiliac joint forms somewhat of an L shape, with the bottom end of the L visualized posteriorly and the long part of the L visualized anteriorly.

Reduction of the sacroiliac joint is the most difficult step in treating these injuries. The clamps that are used for reduction include an angled Matta clamp that is placed through the sciatic notch, with one prong on the sacral ala and the other on the outer side of the iliac wing. This helps reduce external rotation deformities as well as diastasis of the sacroiliac joint. Additionally, a Weber clamp is placed from the posterior-superior iliac spine to the sacral spinous process and reduces cephalad displacement and internal rotation deformities of the hemipelvis. Combinations of these two clamps in the proper position and order of tightening will usually achieve anatomical reduction (Figs. 19.23 and 19.24). With sacral fractures, placement of the angled Matta clamp on the S1 body can aid in reduction.13 To perform this safely, the anterior aspect of the sacrum is palpated medial to the fracture site and between the S1 and S2 nerve roots. The clamp should be placed along the inside of the surgeon’s finger, placing the point into the sacral body while avoiding the risk of clamping any neurovascular structures. The key to reduction is to create the appropriate reduction vector using a combination of clamps. The most common deformities seen in operative posterior pelvic injuries include cephalad and posterior translation, diastasis, and rotational injuries (abduction/adduction, internal rotation/external rotation).6 Often, translational deformities are corrected, but rotational deformities persist. Awareness of the bony landmarks helps the surgeon recognize and correct residual rotational deformities. Subtle manipulation of clamp placement will often correct the deformity.

Once anatomical reduction is achieved on the inlet, outlet, AP, and lateral views, iliosacral screws are the primary form of fixation (Fig. 19.25A-M). Posterior tension-band plating (see sacral fracture section) can be performed as well using a 14- to 16-hole reconstruction plate placed at the superior portion of the sciatic notch below the posterior-superior iliac spine (Fig. 19.26A,B). Tension-band plates are used in cases of significant comminution of the sacrum or severe osteoporosis and may be used as an adjunct to iliosacral screws. As mentioned, the mainstay for fixation posteriorly is iliosacral screws. Placement of iliosacral screws requires a thorough understanding of the anatomy of the posterior pelvis and an appreciation of the dangers of incorrect placement of the screws. Significant morbidity and mortality, including amputations, have been attributed to poor placement of iliosacral screws (Fig. 19.27). The exact placement of iliosacral screws can be variable and is constrained by the bony anatomy (i.e., sacral dysmorphism-lumbarization of S1 vertebrae or a significantly slanted sacral ala). Some authors believe that a more posterior to anterior approach is beneficial because it stays out of the more anterior articular surface of the sacroiliac joint. This may be beneficial in sacroiliac joint injuries; however, the screws may be shorter and have most of their purchase in the sacral ala, which is significantly weaker than S1 vertebrae bone. The author prefers placing a longer screw into S1 body knowing that the strongest bone is in the superior end plate of S1. These often penetrate the articular cartilage but are usually removed 1 year after they are placed. The use of cannulated screws enhances the surgeon’s ability to put the screws in percutaneously. The drawback with cannulated screws is the lack of tactile response in placement of threaded K-wires. The use of percutaneous screws may be more difficult if an anatomical reduction of the sacroiliac joint has not been achieved because malreduction can further reduce the narrow corridor of bone in which iliosacral screws can be safely placed.

Quality fluoroscopic views demonstrating the AP, inlet, outlet, and lateral projections are critical to ensure iliosacral screws can be placed safely (Fig. 19.28A-C). The author’s preferred starting point for iliosacral screws is the intersection between a line drawn cephalad from the posterior border of the sciatic notch to a line where the flare of the iliac wing begins (end of the sacroiliac joint). At this intersection point, move a few millimeters posteriorly (into the sacroiliac joint area) onto the flatter part of the iliac wing and drill the first of two iliosacral screws under fluoroscopic guidance. Once this starting hole is checked on the inlet, outlet, and AP views, drilling commences using an oscillating drill to improve the tactile feel and to ensure that only three out of four cortices are penetrated. The author uses a 3.2 mm oscillating drill, feels each of the three cortices penetrated by the drilling, and ensures the drill remains in bone at all times. These three cortices that should be penetrated are the outer and inner cortex of the iliac wing and the inner cortex of the sacrum. The drill is gently advanced with an in-and-out motion to feel the bone and to ensure that, after the third cortex is penetrated, the drill remains in bone and does not penetrate the fourth cortex. As the drill progresses, inlet, outlet, and AP views are continuously checked.

Once the drill is well into the S1 body, the drill is left in place, and a lateral view is used to ensure the precise location of the drill bit. The lateral view is a critical step that can prevent serious complications during the placement of iliosacral screws. A free drill bit of the same size is used to measure the length of the screw off the drill bit that is left in place. The drill bit is left in place while the second drill is used to place a second iliosacral screw safely. The ideal location of the second screw is a little anterior and cephalad to the first screw. Various screw options include cannulated versus solid, and fully threaded versus partially threaded screws. The author in most cases uses a solid partially threaded screw with minimal thread length. The weakest point of the screw is the junction between the thread and the shank of the screw. Placing this junction as far away as possible from the sacroiliac joint (or sacral fracture) yields the greatest strength to the construct and diminishes the risk of breakage. A theoretical disadvantage to using a partially threaded screw is overcompression of a sacral fracture with subsequent nerve palsy. In the author’s experience of more than 100 sacral fractures treated with iliosacral screws, no iatrogenic nerve palsies have occurred. A washer can be used with the screw to prevent the screw from penetrating the outer cortex of the iliac wing. Additionally, a transsacral screw can be placed through the S1 body from one iliac wing to the other. Very thorough attention to the foregoing principles is required to implant this screw safely. A transsacral screw may give increased resistance to vertical migration and therefore prevent loss of reduction in comminuted sacral fractures.16 An S2 iliosacral screw can be used and, in some cases of sacral dysmorphism, must be used. The placement of an S2 iliosacral screw is much more technically demanding as a result of the smaller corridor of bone available for safe placement of the iliosacral screw. AP, inlet, outlet, and lateral views are performed prior to closure to ensure anatomical reduction and safe placement of the screws.

In general, in completely unstable pelvic injuries, the posterior hemipelvis requires reduction prior to the anterior pelvis. This principle holds true even if there is an associated acetabular fracture. Reduction of the pelvis posteriorly will facilitate the reduction of the acetabulum. Occasionally, stabilization may occur anteriorly, but even a few millimeters of rotation anteriorly can translate into more than a centimeter posteriorly. Therefore, posterior reduction and fixation are critical prior to anterior reduction and fixation.

The main potential complication that needs to be avoided when placing iliosacral screws is damage to the L5 nerve root. Without careful technique, a guide pin, drill, or screw can be placed in a manner in which it starts in bone, exits in the area of the sacral ala (in the area of the L5 nerve root), and then reenters the bone into the S1 body. Having a good tactile feel ensuring the pin or drill remains in bone through three cortices, as well as good radiographic evaluation, can prevent this complication from occurring.

Crescent Fracture—Sacroiliac Joint Dislocation
Crescent fractures can be approached from the anterior approach; however, in most of these cases, the fracture will be difficult to visualize (i.e., the sacral fracture is more medial or the crescent fracture is posterior to the sacroiliac joint). In these cases the author prefers a posterior approach if the condition of the soft tissue will allow it. This allows a direct visualization of the fracture site, which either is posterior to the sacroiliac joint or enters the posterior part of the sacroiliac joint. Occasionally the posterior fractured piece of ilium remains attached to the sacrum through the sacroiliac joint ligaments, and the injury is stable once the fracture is reduced and fixed (Fig. 19.29A-F). The difficulty with crescent fractures is obtaining an acceptable reduction. The deformity that is most problematic is the internal/external rotation of the hemipelvis, which is difficult to manipulate from the posterior approach. Reduction techniques using clamps and a half pin as a joystick can allow reduction of the sacroiliac joint and the fracture.

The surgeon starts with the reduction of the posterior crescent fracture of the iliac wing. The bone of the posterior iliac wing is weaker more superiorly. Therefore, a commonly used reduction method is to use small screw-holding clamps (Farabeuf or Jungbluth) placed just cephalad to the top border of the sciatic notch to allow fixation above and below the clamp in bone strong enough that the reduction screw will withstand the forces required to obtain an anatomical reduction. The superior portion of the sciatic notch is excellent bone and allows good fixation of these crescent fractures. Depending on the size of the crescent fracture and the mechanics of the injury, the sacroiliac joint may be either stable or unstable after fixation of the crescent fracture. Initial reduction techniques include two Farabeuf clamps, one placed close to the crest and one close to the sciatic notch. A 3.5 mm screw is placed on both sides of the fracture line and should be offset so that when they are aligned, the crescent fracture is reduced. After careful debridement of the fracture, the Farabeuf clamp is manipulated until anatomical reduction is achieved. If difficulty is encountered in reducing the fracture, an angled Matta reduction clamp is placed through the notch with one point on the sacral ala and the other point on the iliac wing. The clamp can internally or externally rotate the hemipelvis depending on its position. Careful planning of the placement of the Farabeuf clamps prevents the surgeon from blocking potential key areas for fixation. In general, the author places the Farabeuf clamp more superiorly than the superior border of the sciatic notch so that a plate can be placed along the border of the notch in good strong bone. The other clamp is placed more superiorly but not quite at the top of the crest to allow another plate along the crest if required. In placing the reduction screws, the surgeon must be aware of the obliquity of the fracture line and not block reduction with the screws. After anatomical reduction is achieved, lag screw fixation secures the reduction followed by definitive plate fixation. Occasionally plates are used as reduction aids, pulling or pushing fractured bone. The lag screws are placed from the posterior-superior iliac spine toward the anterior iliac spine and can range up to 130 mm in length.

The lag screws are usually supported with two plates. The plates vary in length depending on the size of the crescent fracture. The most posterior hole of the plate is bent 90 degrees over the posterior border of the ilium. A lag screw can be placed in this hole running between the inner and outer cortical tables of the ilium, supplementing the fixation. Careful attention is required not to block additional screw placement within the plate. Once this lag screw is placed, the plate is seated down, and additional screws can be placed on both sides of the fracture. The author’s preference is 3.5 mm screws and a 3.5–4.5 mm reconstruction plate. Once the crescent fracture is reduced, the sacroiliac joint is evaluated for instability. In many cases there is adequate stability with repair of the crescent fracture, and the sacroiliac joint does not require stabilization (Fig. 19.29A-F).
Sacral Fractures (see Video 19.5, Disk 2)
Like the previous two posterior injuries discussed, sacral fractures can be quite difficult to reduce (Fig. 19.30A-F). Using the techniques described, anatomical reduction of sacral fractures can be achieved. The incidence of neurological injuries increases with a sacral fracture. Some authors believe that placement of a partially threaded screw can compress the sacrum and cause a neurological injury. In more than 100 patients treated with iliosacral screws for sacral fractures, the author has had no iatrogenic nerve injuries with use of partially threaded screws. The approach for sacral fractures is similar to the approach for sacroiliac disruption previously described. The sacral fracture line is debrided, with careful attention to the nerve roots. The combination of a Weber clamp posteriorly and the angled Matta clamp through the notch allows anatomical reduction (Fig. 19.24).6,16 In sacral fractures, the angled Matta clamp point needs to be medial to the fracture of the sacrum. The surgeon’s index finger is placed between the S1 and S2 nerve roots onto the S1 body. The backside of one side of the clamp is slid along the index finger until the point is sitting on the S1 body, ensuring safe placement and subsequent reduction. Similar to sacroiliac joint disruptions, the surgeon must use a combination of the two camps, slightly moving the tips and alternating the pressure placed until anatomical reduction is achieved. Sacral fractures associated with significant comminution may require support in addition to the iliosacral screws. In these cases, the author uses a posterior tension-band plate spanning from one iliac wing to the other. As mentioned, a 14- to 16-hole plate is placed caudad to the posterior-superior iliac spine (just cephalad to the superior border of the sciatic notch), between spinous processes of the sacrum so that the plate will not be prominent, yet allows three screws of fixation into both iliac wings. The plate is slid underneath the back musculature with a bend at each end. Generally, the author uses a plate with three holes lateral to the sacroiliac joint bilaterally. The third screw from the end on each side is placed between the two tables of cortical bone of the iliac wing. These screws can be longer than 130 mm. The plate is bent between the second and third hole on each side so the last two screws traverse the iliac wing. The plate is usually bent slightly in the midline, conforming to the slight anterior sloping of the sacrum along its posterior surface.

An additional sacral fracture that is problematic is the H- or U-type fracture of the sacrum. These bilateral fractures of the sacrum are often seen in jumpers and are a complete disassociation of the lower extremities and the caudad part of the sacrum from the spine. These patients can have significant deformity with kyphosis of the sacrum. The reduction of these injuries is problematic due to the fact that the entire pelvis requires distraction (Fig. 19.31A,B). The technique the author has used in this rare pattern is placement of pedicle screws in L5 (occasionally in L4 as well) down to the posterior-superior iliac spine. This allows traction between the intact portion of S1 (attached to the spine) and the iliac wing (and caudad part of the sacrum). Traction and hyperextension of the pelvis and lower extremities are required to obtain reduction. This should be the positioning of the patient prior to opening the fracture. Traction with the foregoing construct deforms the pelvis by pushing the pelvis laterally, distally, and into flexion. By bending the spinal rods appropriately, the surgeon can rotate the rods after distraction to reduce these deformities. Once an anatomical reduction is achieved, iliosacral screws are placed to fix both of the hemipelves to the S1 body. Additionally, a tension plate can be placed posteriorly for added stability.

After fixation the spinal instrumentation is removed. Some surgeons may retain the pedicle fixation for additional stability. They claim a more rapid recovery due to immediate weight bearing as tolerated compared with 8 weeks of touch-down weight bearing. However, there are disadvantages with leaving the lumbopelvic fixation. An additional surgery is required to remove the implants, and this type of fixation may cause permanent morbidity with pain and deformity (angulation at the S1–L5 junction). In the author’s experience, the lumbopelvic fixation can be removed without any loss of reduction and without the added morbidity of the added fixation. Although the rehabilitation is slower, the longterm outcome is the same or better without the lumbopelvic fixation. The main problem with these fractures is the failure to diagnose the fracture pattern so the kyphotic deformity is not reduced. This leads to significant morbidity to the patient and is very difficult to correct later after the fracture heals.

Another difficult fracture to reduce is the windswept deformity (Fig. 19.32A-D). This bilateral pelvic injury involves one hemipelvis in internal rotation and the other hemipelvis in external rotation. Adhering to the principles previously described in this chapter, this deformity can be reduced anatomically during the acute period. Often, anterior external fixation is used to correct the rotational deformities prior to definitive posterior fixation with iliosacral screws.

Rehabilitation
The rehabilitation of patients with completely unstable pelvic injuries involves touch-down weight bearing for 8 weeks. After 8 weeks, the patient may begin weight bearing as tolerated with range of motion and resistance exercises. Patients with bilateral injuries are limited to wheelchair transfers for 8 weeks. Most patients mobilize on the intact side and use crutches or a walker.

Tips and Tricks
· External fixation pins are placed through a pilot hole in the iliac crest and driven between the inner and outer tables of bone.

· A reasonable reduction of an unstable posterior pelvis may be obtained by a combination of traction, either in full extension or flexed up to ~45 degrees, along with compression in the posterior part of the pelvis.

· Contraindication for placement of the C (posterior) clamp is an iliac wing fracture anterior to the sacroiliac joint.

· Maintain the rectus attachment to the rami anteriorly during the Pfannenstiel approach.

· When placing intramedullary ramus screws, an obturator oblique fluoroscopic view with a cephalad tilt allows the corridor of bone to be visualized where the screw can be placed safely.

· The anterior approach for posterior pelvic instability is indicated if there is a posterior crush injury to the soft tissue that prevents a posterior approach, if the patient has multiple trauma and cannot be placed in the prone position, and if there is an iliac wing fracture that is anterior to the sacroiliac joint.

· The posterior approach for posterior pelvic instability is indicated in sacral fractures and in crescent fractures where the fracture line is primarily posterior to the sacroiliac joint, as well as if decompression of nerve roots is required.

· An occasionally helpful technique for reduction of the sacroiliac joint when the symphysis is disrupted is manipulation of the symphysis with the Jungbluth clamp.
· Another trick is using a Farabeuf clamp on the iliac wing to manipulate the rotation of the hemipelvis as well as compress the sacroiliac joint.

· There is a concave surface on the sacrum that fits into the convex surface of the ilium, helping guide reduction of the sacroiliac joint from posterior.

· The lateral fluoroscopic view is a critical step that can prevent serious complications during the placement of iliosacral screws.

· In performing the posterior approach, expose the origin of the gluteus maximus on the lumbodorsal fascia. Do not cut straight down onto the posterior-superior iliac spine (PSIS) because damage to the gluteus maximus will occur. Never debride the cartilage of the sacroiliac joint. However, loose pieces of cartilage are discarded.

· In general, reduction of the posterior pelvic injury should precede reduction of an acetabular fracture or the anterior pelvic injury. Starting the reduction anteriorly, the surgeon must be aware that a few millimeters or degrees of malreduction anteriorly can lead to more than a centimeter displacement posteriorly.

New Techniques
Future techniques that will help the treatment of pelvic injuries include the newer computer-assisted, minimally invasive navigation of both the reduction and the fixation of the pelvis. The technology is improving rapidly and soon will allow surgeons to measure the deformity and the reduction more accurately prior to placing screws using a minimally invasive technique. The difficulty in treating pelvic fractures has always been with the reduction. Fixation using computer technology and minimally invasive surgery already exists. However, additional clamps and reduction techniques need to be developed to enable the minimally invasive reduction and fixation techniques to display their true benefits.

Outcomes
Multiple studies have shown no difference in the outcome of pelvic injuries despite the level of injury. Often in these studies, completely unstable pelvis injuries are treated conservatively or with external fixators only. However, other studies have shown that the degree of displacement of the hemipelvis affects the patient outcome.17,18 Return to work outcomes have varied from 40 to 100% following pelvic fractures. In summarizing the outcome studies, the associated injuries seem to be more important than the pelvic injury in determining patient outcomes. The most significant factor in outcome is the degree of neurological injury. Neurological injury leads to significant impairment for the patients. In general, the surgeon should anatomically reduce the pelvis to restore function to the patient and prevent long-term deformities.5 In one study most patients returned to work and had an excellent result if anatomical reduction was achieved.16
Complications
The two roles for the orthopaedic surgeon in patients with pelvic fractures are to anatomically reduce the pelvis and prevent complications. Complications that occur from the injury are not preventable. However, iatrogenic injuries can be prevented. Kellam et al reported a 25% infection rate with a posterior approach to the pelvis.15 This high infection rate is due to operating through damaged soft tissue and cutting straight down to the bone (not elevating the gluteus maximus flap). Careful consideration of the soft tissue, as well as an anatomical approach, can reduce this rate of infection to 2.8%.11 If the posterior soft tissue has sustained too much damage, an anterior approach should be chosen. Careful evaluation and treatment of Morel-Lavallée lesions can also decrease the rate of infection.

Although, injury-related nerve damage can occur, the surgeon must work to prevent iatrogenic nerve injury. Careful understanding of the anatomy, as well as proper reduction and fixation techniques, can prevent damage to nerves that may already be slightly injured secondary to the accident. Somatosensory evoked potentials as well as other nerve monitoring can be used in an attempt to decrease the rate of nerve injury. However, the benefits of nerve monitoring in the acute setting have been controversial. The author’s use of nerve monitoring has been limited to correction of chronic malunions that require significant reductions.5 In the author’s opinion, nerve monitoring in the acute setting is not indicated. Finally, because of the complexity of pelvic fractures and the associated injuries, the absolute correlation between reduction and function has not been demonstrated definitively. However, it is the author’s strong opinion, which is supported in the literature and by personal experience with more than 1000 pelvic injuries, that the more anatomical the reduction is, the better the functional outcome for the patient.11,17,18 Therefore, the goal of every surgeon is to anatomically reduce and fix the pelvis and avoid complications.

Pearls
· Unstable posterior injuries require internal fixation.

· External fixators can be used in the hemodynamically and mechanically unstable pelvic injury patient as a temporary life-saving device.

· External fixators can be used with relatively stable (i.e., no vertical migration) posterior injuries (i.e., open book pelvis), although the author prefers a symphyseal plate. It is the treatment of choice when an internal rotation deformity of the hemipelvis causes greater than a 20 degree internal rotation deformity or greater than 1 cm leg length discrepancy, or when a rami fractured piece protrudes into the bladder or vagina.

· Stability by physical exam is determined by the compression test.

· Radiographic instability is diagnosed when there is greater than 5 mm of displacement of the sacroiliac joint, iliac fracture, or sacral fracture (a gap rather than impaction). Remember, the pelvic injury can be minimally displaced but can be grossly unstable, so a combination of physical and radiographic exams needs to be performed to determine stability.

· The inferior sacroiliac ligaments are most important for stability and should be viewed on the CT scan prior to determining instability (i.e., superior cuts of the CT scan can show widening of the sacroiliac joint; however, inferior cuts show an anatomically reduced sacroiliac joint).

· Nonoperative treatment for pelvic injuries includes sacral impaction injuries, isolated rami fractures, or avulsions with less than 1 cm of displacement. A weekly AP x-ray exam for 4 weeks is indicated to ensure no further increase in deformity.

· Operative indication for symphysis diastasis is 2.5 cm of widening. Widening less than this may be fixed if there is a posterior injury. Be aware of a missed completely unstable posterior pelvic injury.

· A posterior external fixation frame (C-clamp) may give better compression posteriorly but is contraindicated in cases where the iliac fracture is anterior to the sacroiliac joint.

· Leave the rectus abdominis attached to the pelvis when plating the symphysis pubis. Never debride the symphyseal cartilage.

· If stable pelvic fractures have greater than 20 degrees internal rotation of the hemipelvis or greater than 1 cm of leg length discrepancy, or if the rami fracture is impinging on the bladder or vagina (tilt fracture), operative fixation is indicated.

· Most rami fractures are treated conservatively. Those with greater than 1.5 cm of displacement with an unstable posterior injury are treated operatively due to disruption of the iliopectineal fascia.

· The main complication of iliosacral screw placement is an L5 nerve root injury due to the guide pin, drill bit, or screw being placed too anteriorly so the pin exits and reenters the sacrum in the sacral ala area, damaging the L5 nerve root.

· Bilateral sacral fractures and U- or H-type fracture patterns are frequently misdiagnosed as simple sacral fractures and can cause significant morbidity from nerve injuries. These injuries completely disassociate the pelvis and the lower extremities from the spine. They frequently have a kyphotic deformity. They can best be seen on a lateral sacral view or lateral sacral CT reconstruction.

· The most important component to the outcome of pelvic injuries is the preoperative nerve exam. Secondarily associated injuries and quality of reduction are also important.

On the DVDs
Video 19.1 (Disk 2) ORIF of Pubic Symphysis Iliosacral Lag Screws Placement Pubic symphysis plate fixation and percutaneous iliosacral screw fixation are demonstrated. The Phannensteil approach, symphysis reduction techniques, and plate application are emphasized.

Video 19.2 (Disk 2) ORIF of a “Tilt” Fracture Variant of the Pelvis This video is a malunion of the anterior pelvis in a young female with dyspareunia. A Pfannensteil approach is used to expose the malunion, and an osteotomy with open reduction and internal fixation is used to treat this deformity.

Video 19.3 (Disk 2) Iliosacral Lag Screws This video reviews the anatomy of the posterior pelvis, the risks involved in placement of iliosacral screws, and the technique to safely implement this technique.

Video 19.4 (Disk 2) ORIF of a Left Sacroiliac Joint Fracture-Dislocation A fracture-dislocation of the sacroiliac joint is openly reduced after being exposed through the posterior approach. Stabilization is provided through iliosacral screws.

Video 19.5 (Disk 2) ORIF of a Left Sacral Fracture The posterior approach to the sacrum is demonstrated for open reduction and internal fixation of a Denis II left sacral fracture with significant displacement. Open reduction techniques and iliosacral screw fixation are shown.
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Figure Legends

Figure 19.1 Illustration of an inlet view of the pelvis with the spine removed showing the sacroiliac joint. The joint is stabilized by the anterior sacroiliac joint ligaments, the interosseous ligaments, and the strong posterior sacroiliac joint ligaments.

Figure 19.2 Anteroposterior radiograph of the pelvis shows marked instability of the left and right hemipelves with symphysis diastasis, and widening of both sacroiliac joints. This patient had bilateral internal iliac artery injury and required emergent pelvic external fixation and embolization.

Figure 19.3 Inlet radiographic view of the pelvis shows a more subtle form of instability, which yields a pelvis that may be just as mechanically unstable as the more obvious example shown in Fig.19–2. A symphyseal diastasis exists, but it is impossible to assess the stability of the posterior ring with this radiograph. The key to diagnosing complete posterior instability (besides the physical exam) is widening of the sacroiliac joint both anteriorly and posteriorly, signifying a completely unstable left hemipelvis.

Figure 19.4 (A) Example of a Bucholz type III pelvic ring disruption, with complete dissociation of the right hemipelvis. This injury will have both rotational and vertical instability. (B) Postoperative view after open reduction and internal fixation.

Figure 19.5 A pelvis with the three axes superimposed. Each axis has a translational deformity and a rotational deformity.
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Figure 19.6 Three-dimensional computed tomography showing an injury as a result of a T-bone motor vehicle collision causing a mild internal rotation and flexion deformity to the right hemipelvis. This is a lateral compression type I injury according to the Young and Burgess classification, with a stable impaction fracture of the anterior sacral ala.

Figure 19.7 Example of an unstable lateral compression type II injury. (A) As shown by three-dimensional computed tomography (CT), there is an internal rotation deformity of the pelvis, associated with a disimpacted, complete fracture of the sacrum. (B) Axial CT through the sacrum, which clearly shows the unstable fracture of the sacrum.

Figure 19.8 Example of an anteriorposterior compression type II (APC-II) injury of the pelvis. (A) This injury is characterized by widening of the pubic symphysis of greater than 2.5 cm and widening of the right anterior sacroiliac joint. (B) Axial computed tomographic cuts confirm that the posterior sacroiliac ligaments are intact.

Figure 19.9 Anterior posterior radiograph of the pelvis of a patient who had a horse rear back and fall on him, causing an open book injury with 8 cm diastasis of the symphysis with posterior stability.

Figure 19.10 Same patient as from Fig. 19–9. With greater than 6 cm of symphysis diastasis, a complete disruption of the sacroiliac (SI) joint may exist. The left panel shows a superior cut from a computed tomographic scan indicating a complete disruption of the SI joint both anteriorly and posteriorly. However, a more inferior cut (right panel) shows that the more important posterior-inferior sacroiliac ligaments are intact.

Figure 19.11 A computed tomographic scan shows a stable sacral impaction injury. The surgeon must assess the severity of the deformity and perform follow-up x-rays to ensure no further worsening of the deformity occurs.

Figure 19.12 An anteroposterior radiograph of a young female patient with a significant internal rotation deformity of the left hemipelvis. The initial deformity was minimal but progressed over several weeks. She had limb length inequality and visible asymmetry of her anterior iliac crest. Note the medialization of the left hip and shortening of the left leg, as indicated by the white reference lines.

Figure 19.13 An intraoperative anteroposterior radiograph of the patient in Fig. 19.12 after correction of the internal rotation deformity with an external fixator. The fixator was applied with an oblique vector to push the left hemipelvis laterally and distally. Note that the offset of the left hip has been restored and the leg lengths equalized, as shown by the white reference lines.

Figure 19.14 Example of the failure of an anterior pelvic fixator to stabilize the posterior pelvic ring. (A) An initial anteroposterior radiograph shows an unstable right hemipelvis with wide displacement of the right sacroiliac joint (broad white arrow). There were also minimally displaced fractures of the pubic rami, barely visible in the lower portion of the image (narrow white arrow). The patient was hemodynamically unstable, and an anterior external fixator was applied, despite the fact that there was not significant displacement of the anterior pelvic ring. (B) Radiograph of the patient after placement of the anterior external fixator still shows signs of posterior instability with even greater widening of the right sacroiliac joint (broad white arrow). Note the embolization coils in the right internal iliac artery (narrow white arrow).

Figure 19.15 The ideal position of the site for insertion of the pin for a posterior C-clamp is the point that lies at the intersection of a line from the anterior-superior iliac spine (ASIS) to the posterior superior iliac spine (PSIS) and the line represented by the border of the middle third and posterior third on the lateral aspect of the pelvis.

Figure 19–16 Example of the use of a posterior C-clamp. The patient was crushed by machinery and was hemodynamically unstable. (A) Anteroposterior radiograph of the pelvis taken during resuscitation showing placement of the C-clamp pins in the posterior ilium. (B) Clinical photograph of the patient during a later operative procedure, showing the pelvic C-clamp. Because of severe posterior pelvic skin loss, definitive posterior stabilization was not felt to be safe. An anterior fixator was later used to supplement the posterior C-clamp, as shown in this photograph.

Figure 19.17 The approach for plating of the symphysis pubis. (A) The Pfannenstiel skin incision is made one fingerbreadth above the symphysis pubis. (B) The two bodies of the rectus muscle are separated by identifying the chevron V pattern in the fascia.

Figure 19.18 Usually one side is exposed at a time, with a Hohman used to raise the rectus off the cephalad surface of the rami and a malleable retractor used to protect the bladder.

Figure 19.19 A Weber clamp is placed superficial to the rectus, compressing the symphysis.

Figure 19.20 (A) The placement of a Jungbluth clamp for reduction of posterior translation caused by a combination of displacement of the symphysis pubis and sacroiliac joint. (B) Reduction of the posterior displacement and symphysis diastasis with the Jungbluth clamp.

Figure 19.21 The L5 nerve root (thin arrow) runs along the anterior sacrum just 2 cm medial to the sacroiliac joint, identifiable by the shiny anterior capsule (broad arrows).

Figure 19.22 (A) The posterior approach to the pelvis skin incision begins 1 cm lateral and 2 cm superior to the posterior-superior iliac spine and passes to the midbuttocks. (B) The skin is elevated off the gluteus fascia, followed by the gluteus maximus being elevated off the lumbodorsal fascia.

Figure 19.23 Reduction clamp placement to correct cephalad displacement of the hemipelvis. This method can be used in treatment of a sacroiliac joint disruption or sacral fracture.

Figure 19.24 Two views showing safe placement of reduction clamps to correct diastasis of the joint and external rotation of the hemipelvis in reduction of a sacroiliac joint disruption. This method can be used in treatment of a sacroiliac joint disruption or sacral fracture.

Figure 19.25 Example of the posterior approach to the sacroiliac joint for reduction and fixation of a complete sacroiliac joint disruption. (A) Anteroposterior (AP) radiograph of the injured pelvis demonstrating mild right sacroiliac joint widening, right pubic root fracture, complete disruption of the left sacroiliac joint, and cephalad translation of the left hemipelvis. (B) Computed tomographic scan confirming the observations made from the AP radiograph of the pelvis. (C) A posterior approach to the left sacroiliac joint was chosen. The viewpoint is that of the surgeon standing on the left side of the patient. The patient is prone on a radiolucent table, with the patient’s head toward the left. Note the cephalad translation of the left posterior iliac crest. The skin incision is drawn. Normally the skin incision is slightly more lateral. (D) An incision down to the muscle fascia is performed. In this case, there is a mild degloving injury. The gluteus maximus will be reflected laterally to expose the sacroiliac joint. The gluteus maximus originates from the lumbodorsal fascia over the sacrum and from the iliac crest. Its origin is outlined by the dotted line. (E) In this case, two pointed-reduction clamps are utilized for the reduction. Normally, a clamp is also placed from the posterior iliac crest to the anterior aspect of the sacrum. (F) The reduction anteriorly along the sacroiliac joint is palpated with the surgeon’s index finger.

Figure 19.25 (Continued) (G) Appropriate reduction is confirmed via fluoroscopic inlet and outlet views. (H) The hole for the iliosacral screw is then drilled under fluoroscopic guidance. The drill allows for tactile feedback during advancement of the drill into the sacrum. (I) Appropriate placement of the drill is confirmed via fluoroscopic inlet and outlet views. (J) The more anterior iliosacral screw is placed through a small percutaneous incision. (K) Intraoperative fluoroscopic inlet view confirms the reduction and placement of screws. (Continued on page 460).
Figure 19.25 (Continued) Example of the posterior approach to the sacroiliac joint for reduction and fixation of a complete sacroiliac joint disruption. (L) The gluteus maximus flap is closed utilizing multiple absorbable sutures. Closure is completed over suction drainage. (M) Postoperative AP radiograph of the pelvis. The right sacroiliac joint was not addressed because it was felt to have minimal displacement. (Case courtesy of Philip J. Kregor, MD.)

Figure 19.26 Example of a posterior pelvic tension-band plate. (A) An anteroposterior radiograph of the pelvis showing both a tension plate placed over the posterior pelvis and iliosacral screws. In general, the two iliosacral screws are used for sacral fractures. (B) Inlet radiograph of the pelvis showing the fixation achieved. There is slight residual internal rotation of the hemipelvis that may be difficult to perfectly assess and correct from the posterior approach. (Case courtesy of Dave Templeman, MD, and Andrew Schmidt, MD.)

Figure 19.27 Errors in placement of a guide pin, drill, or screw can have disastrous complications. Posterior placement can cause nerve root damage, whereas anterior placement can cause nerve injury (L5) or vascular injury (sacral venous plexus, iliac vein or artery).

Figure 19.28 (A) Inlet, (B) anteroposterior view with two safely placed iliosacral screws in a sacral fracture and (C) outlet.

Figure 19.29 Example of a sacroiliac fracture-dislocation due to a lateral compression injury. (A) Anteroposterior (AP) view of the injury. Note that the posterior iliac wing (crescent) fracture may be difficult to appreciate on this view. The right hemipelvis is internally rotated and slightly flexed, and there are fractures of all four pubic rami. (B) Inlet and (C) outlet views of the injury. The crescent fracture is readily seen on the inlet view. (D) AP, (E) inlet, and (F) outlet views of the pelvis taken several months after reduction and fixation of the posterior ilium with a four-hole reconstruction plate and two lag screws. Note that the anterior ring fractures did not require fixation.

Figure 19.30 (A) Anteroposterior (AP) radiograph of an injured pelvis showing an unstable-appearing (disimpacted) left sacral fracture with evidence of vertical and lateral translation of the left hemipelvis. There does not appear to be a significant rotational deformity. (B) The inlet view does not show significant deformity. (C) The outlet view confirms that there is significant cranial displacement of the left pelvis, as indicated by the difference in the height of the ischial tuberosity. (D) AP, (E) inlet, and (F) outlet views after stabilization of the left hemipelvis by open reduction of the left sacral fracture, insertion of two iliosacral screws, and repair of a small associated crescent fracture of the posterior iliac wing.

Figure 19.31 (A) A sagittal computed tomographic (CT) reconstruction of an H-type bilateral sacral fracture that shows the typical kyphotic deformity of the sacrum. (B) A sagittal CT reconstruction of the H-type bilateral sacral fracture in (A) after reduction and fixation with bilateral iliosacral screws.

Figure 19.32 (A) Anteroposterior (AP) radiograph of the pelvis of a patient with a windswept deformity of the pelvis with external rotation of the right hemipelvis and internal rotation of the left hemipelvis. (B) An AP radiograph of the pelvis after fixation with iliosacral screws with the same deformity. (C) An AP radiograph of the pelvis after removal of the iliosacral screws and before a three-stage pelvic reconstruction involving release of the anterior and posterior ligaments, osteotomies of both sides of the sacrum and bilateral superior and inferior rami, and reduction and fixation of the pelvis. (D) An AP radiograph of the pelvis after the three-stage pelvic reconstruction correcting the windswept deformity of the pelvis. Although the deformity is improved, it required an extremely large surgery Initial appropriate reduction and fixation would have been much better for the patient.

Table 19.1 Classification of Pelvic Ring Injuries8
		Type
	Feature
	Stability

	Anteroposterior compression,

	APC-I

	Pubic diastasis < 2.5 cm or isolated pubic fracture

	Stable


	external rotation

	APC-II

	Pubic diastasis > 2.5 cm, widening of anterior sacroiliac (SI) joint

	Rotationally unstable, vertically stable


		APC-III

	Pubic diastasis > 2.5 cm with complete SI joint disruption

	Rotationally and vertically unstable


	Lateral compression, internal rotation

	LC-I

	Anterior sacral impaction, horizontal pubic ramus fracture

	Stable


		LC-II

	Anterior sacral impaction, posterior iliac wing (crescent) fracture, or posterior SI joint disruption

	Rotationally unstable, vertically stable


		LC-III

	LC-II with external rotation of opposite hemipelvis

	Rotationally and vertically unstable


	Vertical shear

		Vertical displacement

	Unstable


	Combined

		Complex deformity

	Unstable



	


