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INTRODUCTION

Nonunions and malunions of the pelvis and acetablum present challenging problems for both the patient and the surgeon. Though optimal initial care can potentially prevent these complications, nonunions and malunions still occur


7,9,12,17 ADDIN EN.CITE  


5,11,16,21 ADDIN EN.CITE . Tile20 estimated a 5% incidence of residual severe deformity in major disruptions of the pelvic ring.  However, non-operative management of vertically unstable pelvises can lead to malunions and nonunions in 55% - 75% of cases


7,8,12 ADDIN EN.CITE . In the case of acetabular fractures, deteriorating results are seen if operative treatment is delayed15. By four to five weeks post injury, all of the fracture lines are fixed with callous and are unmovable.  Furthermore, reoperation of malreduced acetabular fractures significantly decreases the good to excellent results. Therefore, prevention of this clinically significant problem is the mainstay of treatment. Although a continuum exists, after four months it is possible to declare that a malunion or nonunion is present9. The most common type of acetabular nonunion is a transverse or transverse posterior wall fracture


9,16 ADDIN EN.CITE . Nonunions, however, are only seen in 0.7% of operatively treated acetabular fractures10. With operative treatment of acute fractures becoming the standard of care malunions are increasing in numbers.  

When evaluating a patient with a pelvic or acetabular malunion or nonunion, a thorough work-up is required to identify the cause of the patients pain, define the deformity of the pelvis or acetabulum, review the expectations of the patient, and plan treatment. In nonunions, associated medical morbidities need to be diagnosed and corrected before surgery (i.e. malabsorption, vitamin D deficiency, diabetes etc.).  The amount of peer-reviewed literature on the subject is very small.  Data from our recent publications


3,5,11,15 ADDIN EN.CITE  is used to highlight points of assessment (i.e., physical exam, radiology, definition of deformity) and management of these difficult, and potentially disabling problems.

MALUNION AND NONUNION OF THE PELVIS

CLINICAL ASSESSMENT: PELVIS

Pain

Although pain is not always present in malunions and nonunions, it is often the primary reason for a patient to seek medical consultation.  The pain is commonly secondary to instability of the pelvis, or malreduction, and is most frequently located posteriorly in the sacroiliac (SI) region18.  Posterior pelvic pain associated with malunion often improves after correction of the malunion, although the reason for this is less apparent than with correction of nonunions


3,11 ADDIN EN.CITE .  Some residual chronic pain often occurs.  In an acute injury, instability is readily apparent on physical examination of the pelvis. This is more difficult to appreciate in chronic malunions and nonunions.  In these situations, the physician’s hands are placed on each of the anterior superior iliac spine (ASIS) and the pelvis is rocked from side to side.  Subtle motion of the pelvis can be detected in this manner.  In these chronic cases, radiographic single-leg stance anteroposterior (AP) views are usually more helpful as will be reviewed later.

Pain secondary to malunion or nonunion of the pelvis is often present during weight bearing and improves with rest.  Because weight is transmitted posteriorly through the pelvis, pain is more commonly associated with sacroiliac joint (SI) malunions and nonunions.  Malunions and nonunions of the anterior pelvic ring are rarely painful because less than 10% of the body’s weight is transmitted through the anterior part of the pelvis20. When the rare case of a painful malunion or nonunion of the anterior pelvic ring does present, it is often following a protracted course and multiple consultations with medical specialists (gynecologists, general surgeons, urologists, rheumatologists, etc) (Figure 1).  The patient may also experience low back pain secondary to the pelvic deformity, or neurogenic pain that radiates to the ankle secondary to compression or distraction of the nerves at the level of the roots or the lumbrosacral plexus.  Scarring within the nerve is a common cause of chronic pain.   

Patients may also complain of pain while sitting or lying.  The two major causes for this are pelvic malunions that cause sitting or lying imbalance, and ischial nonunions that result in painful motion of the fracture upon sitting.  The sitting imbalance is caused by different heights of the ischial tuberosities.  AP radiographs are often used to determine these height differences.  Lying imbalance often occurs when there is a vertical migration of one of the hemipelvises and this makes the posterior superior iliac spine (PSIS) prominent on that side.  However, posterior displacement of the hemipelvis can also occur either with or without vertical translation of the hemipelvis.

Deformity     

Pelvic deformity is responsible for complaints in many clinical areas i.e., pain, gait abnormalities, genitourinary system, etc.  The most common deformities include cephalad and posterior translation and internal rotation of the hemipelvis


3,4,10,11,13 ADDIN EN.CITE . One can often appreciate the deformity by physical exam.  With significant cranial displacement of the hemipelvis, a constant cosmetic deformity is observed.  As the patient stands and faces either toward or away from the examiner, the shortened side appears flattened with the trochanteric area medialized.  Conversely, the normal (opposite) side has the appearance of an exaggerated outward curvature of the hip.  Non-obese, female patients will have typically identified this deformity and complained about it.  This deformity will be exaggerated by further innominant bone displacement – such as adduction or internal rotation.

Other patients complain of posterior prominence.  The patients notice this when lying supine due to lying imbalance.  This deformity can be seen by comparing the posterior superior iliac spines (PSISs) while the patient lies prone.  The main cause of posterior prominence of the PSIS is from an internal rotation deformity of the innominate bone which causes PSIS to become more prominent.  However, this condition can also occur from posterior translation of the innominate bone.  Furthermore, cranial displacement of the hemipelvis results in the sacrum and coccyx becoming relatively more prominent and this bony prominence can be symptomatic. Sacral prominence can become particularly severe with bilateral hemipelvis displacement (“U” or “H” patterns) (Figure 2).  We have seen numerous cases where this sacral prominence causes skin breakdown.

This cranial displacement also creates sitting problems, and is especially noticeable when sitting in hard chairs.  The sitting imbalance is due to the ischium being at different heights.  In addition to vertical migration of the hemipelvis, this condition may be caused by a flexion/extension deformity of the hemipelvis.  The patient is often observed leaning toward one side while sitting, though the direction he/she leans is not always consistent.  The patient will lean toward the short side when attempting to sit on each buttock equally.  Some patients with severe deformity will sit only on the undeformed side and lean away from the cranial displaced hemipelvis.  Other patients are observed to shift their position frequently or place their hand under the cranially displaced side for support.  

Gait abnormalities can also be caused by malunions.  Cranial displacement causes shortening of the ipsilateral extremity.  In our study of pelvic malunions resulting from unstable vertical fractures, the average leg-length discrepancy was greater than 3 cm with a range of up to 6 cm


3,11 ADDIN EN.CITE .   The malunited pelvis may also cause an internal or external deformity of the lower extremity that alters the patient’s gait.  For instance, the patient in Figure 3 presents with 20 degrees of intoed gait and back pain. In Figure 4 the patient has a windswept pelvis, where one side is internally rotated and the other side is externally rotated, and the patient feels that they are “walking crooked”.

Genitourinary System

With significant internal rotation of the hemipelvis or a rotated and displaced rami fracture, impingement of the bladder can occur. This is usually caused by the superior rami. Figure 3 illustrates how free pieces of superior rami can heal in malrotated positions causing impingement. Symptoms of impingement include frequency, urgency, and hesitancy. The work-up should include a retrograde urethrogram and cystometrogram.  

In very unusual cases, the ischium may displace so far medially that it causes impingement on the wall of the vagina and subsequent dyspareunia. Clitoral stimulation with weight bearing secondary to an unstable pubic symphysis has also been described20.  In addition, herniation of bowel through the rectus abdominus, or herniation of the bladder through the symphysis pubis is possible (Figure 5). 

Neurologic Injuries

Permanent nerve damage is a common cause of disability following pelvic injuries.  A nerve injury occurs in 46% of the patients with an unstable vertical pelvis6. The most commonly affected nerve roots are L5 and S1, but any root from L2 to S4 may be damaged.  In Huittinen’s6 study of 40 nerve injuries, 21 (52.5%) were traction injuries, 15 (37.5%) were complete disruptions, and 4 (10%) were compression injuries.  Interestingly, the lumbosacral trunk and superior gluteal nerve sustained traction injuries while most of the disruptions occurred in the roots of the cauda equina.  Compression injuries occurred in the upper three sacral nerve foramina in patients with fractures of the sacrum (Figure 2).  Furthermore, the traction and nerve disruption injuries occurred in the vertically unstable pelvic injuries while the compressive nerve injuries occurred following lateral compression of the pelvis.  Lateral compression injuries of the pelvis often impact portions of the sacral bone into the foramen resulting in compression of the nerve, and may require decompression if neurologic exam worsens.

A thorough neurologic examination is necessary to determine any pre-operative deficits and for intraoperative as well as post-operative nerve monitoring.  Disruption of peripheral nerves should be evaluated by nerve conduction/EMG tests.  Peripheral disruptions may be repaired with some salvage of function or return of protective sensation. Myelograms and magnetic resonance imaging (MRI) are used to rule out spinal nerve avulsions.

Our studies on malunions and nonunions show that 57% of the patients had a pre-operative nerve injury and only 16% were resolving post-operatively


3,11 ADDIN EN.CITE .  Only one patient in our studies would not have the nonunion/malunion surgery again, and this was due to a post-operative nerve complication.  The patient underwent two operations on a 16-year-old nonunion that was extremely mobile.  An L5 nerve root injury occurred from the posterior fixation.  The patient required reoperation for persistent nonunion.  At the time of the second operation, the posterior fixation was changed. The complaints of deformity were completely resolved but the patient still suffered from pain in the L5 nerve distribution, despite having a stable pelvis.  

Patient Expectations

An important aspect of the preoperative assessment is to discover a patient’s understanding and expectations regarding their clinical problem.  Significant discussion is necessary prior to making a decision for surgery.  The patient must make the final decision based upon realistic goals and an understanding of the risk of complications.  Specific symptoms of deformity such as limb shortening, sitting imbalance, vaginal impingement, and cosmetic deformity are expected to be reliably addressed by surgery.  The patient must be cautioned however that while the majority of the deformity can be corrected, the actual anatomical result is usually less than perfect. In our series of pelvic malunions, only 76% of our reductions had less than 1 cm of residual deformity


3,11 ADDIN EN.CITE . 

Posterior pelvic pain in the absence of a demonstrable non-union or instability is often difficult to explain, and may not completely or reliably improve with correction of the pelvic deformity.  Ninety-five percent of patients with malunion of the pelvis report improvement of their pain, however, only 21% have complete relief of their posterior pain


3,11 ADDIN EN.CITE .  Radiographic evidence of sacroiliac joint arthrosis is not a reliable indication of the cause of posterior pelvic pain. However, in patients with a pelvic nonunion, a significant reduction in pain is seen. 

RADIOGRAPHIC ASSESSMENT: PELVIS

Radiographic assessment includes five standard pelvis x-ray views (AP, 45 degree obliques, 40 degree caudad, and 40 degree cephalad), a weight-bearing AP x-ray, CT scan, and a 3-D CT.  The CT scan can be used to make a 3-dimensional pelvic model.  This model helps the surgeon to understand the deformity and plan pre-operatively.  The displacement and the rotation of all fragments needs to be understood so appropriate release and reduction of fragments can be obtained.  An obturator oblique clearly shows the sacroiliac joint on the ipsilateral side while a single leg weight bearing AP determines stability of the nonunions.  Technetium bone scans may be helpful in identifying the activity of the non-union (atrophic or hypertrophic) but are not routinely ordered.  Together, these multiple plain films and CT scans are used to assess nonunions and deformities of the pelvis.  The displacements are often complex and include rotational and translational displacements around a three ordinate axis (Figure 6). The most common deformities seen are posterior and cephalad translation and internal rotation and flexion of the hemipelvis.

Translation of the pelvis from the normal anatomically positioned pelvis can be described using a vecter three axis system.  The translational deformities are:  

1) impaction/diastasis (x-axis).

2) cephalad/caudad (y-axis).

3) anterior/posterior (z-axis).

Measuring cephalad translation on the AP x-ray is easily performed by measuring the difference in height between 2 fixed points on the pelvis – often the ischium, acetabular sourcil, or iliac crest.  Classically, the posterior displacement is defined using the caudad (inlet) view.  However, direct cephalad translation of the hemipelvis will cause an apparent posterior translation on the caudad (inlet) view and the apparent posterior lying imbalance because the PSIS becomes more prominent.  Therefore, the posterior translation is best measured on the CT scan.  The actual cephalad translation is measured on the AP from a line in the plane of the sacrum.  A perpendicular distance from this line to the ischium, top of the iliac wing or the acetabular dome demonstrates the amount of vertical translation.  This distance is compared to the other hemipelvis.  The difference between the measurements of the ischia correlates with sitting imbalance.  The differences in acetabular dome measurements gives the leg length discrepancy.  The symptoms of sitting imbalance and leg length discrepancies are the deformity complaints caused by severely displaced pelvic malunions and nonunions.  

Each axis also has a rotational component.  Flexion/extension of the hemipelvis is defined as the rotation of the hemipelvis around the x-axis.  Various anatomic relationships are used to define flexion/extension of the hemipelvis.  They are:  

(1) obturator acetabular line to the tear drop (the more cephalad the line crosses the tear drop, the more flexion of the hemipelvis).

(2) the shape of the obturator foramen on the cephalad (outlet) or the AP view (the foramen becomes more elongated and elliptical with flexion).

(3) the position of the ischial spine within the obturator foramen on the outlet view (the more caudad the ischial spine is in relation to the foramen, the more flexion).

 The best measurement of flexion is obtained from the three-dimensional CT.  The normal hemipelvis and sacrum are removed from the anatomically positioned pelvis.  The angle is measured from a line between the ASIS to the symphysis and a line perpendicular to the floor (normally this is 90 degrees).

Internal and external rotation of the hemipelvis is defined around the y-axis.  Defining internal rotation on plain films is performed by: 

(1) comparison of the widths of the ischia (increased width shows internal rotation).

(2) width of the iliac wing (greater with external rotation).

(3) the relationship of the ilioischial line to the tear drop (the more lateral the line, the more internal the rotation).

A CT scan can precisely define the degree of rotation (Figure 7).  Drawing a line parallel to the constant quadrilateral surface (2 to 5mm above the dome) and the angle this forms with the horizontal line in the plane of the sacrum measures rotation solely (Figure 8).  Sponseller used the line from the ASIS to the PSIS to measure the deformity of the hemipelvis in children with congenital pelvic deformity19.  However, this measurement is a combination of internal/external rotation and abduction/adduction.

Abduction/adduction deformity is defined as the rotation of the hemipelvis around the z-axis.  This axis passes anterior to posterior through the supra acetabular bone.  The true rotation axis is likely closer to the posterior sacroiliac joint, but the axis can be defined in any anatomical position.  What is important is the rotational deformity as compared to a normally positioned hemipelvis.  Therefore, pure abduction and adduction will not affect the internal/external rotation measurements.  Pure abduction/adduction deformities however are rare and are usually associated with other rotational deformities.  One can also define the abduction/adduction deformities in degrees of rotation on the caudad (inlet) view if no internal/external rotation exists.  The angle formed by a line from the PSIS to the symphysis pubis and a line in the plane of the sacrum estimates the abduction/adduction deformity.  A CT scan can be used to estimate the amount of abduction/adduction by comparing the distance from the center of the quadrilateral surface to the midline on the injured side to that of the non-injured side, however, this does not give an actual degree of rotation. 

TREATMENT: PELVIS

As mentioned earlier, the best treatment is prevention


7,9,12,18 ADDIN EN.CITE .  The problem of malunions and nonunions appears most commonly after inadequate initial treatment of displaced fractures and unstable pelvic ring injuries8.  From the technical standpoint, late correction is very difficult because the anatomy is altered and less recognizable, and the potential complications are increased.  Osteotomies can easily damage the structures that lie on the opposite side of the bone.  Scarring around nerves prevent the fragments from moving freely without causing a nerve palsy.

Indications for surgery include pain, pelvic ring instability, and clinical problems relating to the pelvic deformity (gait abnormalities, sitting problems, limb shortening, genitourinary symptoms, vaginal wall impingement, etc.).  A thorough knowledge of pelvic anatomy is required to understand the three-dimensional deformity.  Furthermore, extensive pre-operative planning is needed to determine the proper order of exposures for release, reduction, and fixation.  Because each patient is different, it behooves the surgeon to individualize the treatment.

Previous literature focused on simple nonunions.  These patients often do not require extensive anterior and posterior ring releases and reduction, and respond to in situ fusion only (Figure 1).  Pennal17 showed that patients treated with surgery are significantly better than those treated conservatively. In his study, 11 out of 18 surgery patients returned to pre-injury occupation versus five out of 24 conservatively treated patients.  In nonunion cases with significant displacement, in situ fusions are unrewarding and leave the patient with complaints related to deformity as well as significant pain (Figure 3).

The surgical technique often involves a three-stage procedure.  The three-stage reconstruction as described by Letournel 


3,9,11 ADDIN EN.CITE  allows maximal degree of deformity correction as well as secure fixation.  The three stages are performed with the patient supine – prone – supine, or prone – supine – prone.  After each stage, the wound is closed and the patient turned to the opposite position.  The first stage mobilizes anterior or posterior injuries by an osteotomy of the malunion or release of the nonunion.  The second stage involves release and mobilization of the opposite side.  The most important part of the second stage is the reduction of the pelvic ring.  However this stage also includes an osteotomy, mobilization, or both, of that side of the ring. Following reduction, the second stage is completed by fixation of that particular side of the pelvic ring.   The third stage completes the reduction and fixation of the opposite side (relative to the 2nd stage) of the pelvic ring.  

For correction of cranial displacement of the hemipelvis, it is necessary to cut the sacrotuberous and sacrospinous ligaments at their attachment to the sacrum.  It is preferable to perform osteotomies at the old injury site, but most posterior releases are through a lateral sacral osteotomy (Figures 2,3 & 4).  With advances in technology of the operating room table and the ability to fix the patients normal hemipelvis to the table14 (Figure 9), some deformities can be corrected in one or two stages


4,21 ADDIN EN.CITE .  This is especially true in rotational malunions.  Vertical malunions require at least two stages to adequately release the hemipelvis. For example, an initial posterior osteotomy and release of the hemipelvis in the prone position, followed by anterior release and reduction of the vertical and rotational displacement and combined anterior/posterior fixation with the patient in the supine position.

A radiolucent table with image intensification is commonly used for the three-stage procedure.  The Judet table is also useful.  Somatosensory evoked potentials (SSEPs) and motor evoked potentials have been used on some patients that require significant correction of vertical displacement but are not routinely used.

Simple Pelvic Nonunions

Painful nonunions without deformity can be treated with stabilization, bone graft, or both.  A technetium bone scan can indicate activity of the nonunion (atrophic [requires bone graft] or hypertrophic [requires stabilization]). In most cases it is not necessary and surgery involves both bone graft and stabilization (Figure 1,3).

Nonunions of rami fractures are rare.  If they occur, they are often located in the medial aspect of the pubis bone or in the symphyseal region.  Because more than 90% of weight-bearing is posterior, many nonunions of the anterior pelvic ring are asymptomatic.  As a result, some patients are evaluated by several specialists (obstetrics and gynecology, general surgery, etc.) before an xray identifies a painful non-union (Figure 1).  Often treatment of symptomatic superior rami nonunion will heal the inferior rami nonunion (Figure 12).  However, there are cases where plating both the superior and the inferior rami is required (Figure 1).

A foley catheter is always placed preoperatively.  A Pfannenstiel incision is made 2cm cephalad from the symphysis.  The decussation of the fascia fibers of the rectus abdominus mark the division between the two heads of the rectus.  The two heads are split with extreme care being taken to avoid entering the bladder.  The surgeon then inspects the bladder to detect any perforations.  The Foley should be palpated to ensure the urethra is intact.   A malleable retractor is then used to hold the bladder away from the symphysis pubis.  Two Hohman retractors are used to retract the two heads of the rectus from the superior surface of the symphysis pubis.  The superior surface of the superior rami is cleaned for the plate, but the anterior insertion of the rectus remains intact.  A large Weber clamp or pelvic reduction clamp can be used anteriorly to hold the symphysis together or rami fracture together.  Usually, a six-hole 3.5 reconstruction plate is then implanted.  Clinical research supports the implantation of this device13.  When a fusion of the symphysis is needed, an additional four-hole plate is used anterior to the symphysis and a corticocancellous graft bolts posterior to the symphysis.  Additionally, when fusion of the symphysis is indicated, an eight to ten-hole plate is used rather than a six-hole plate superiorly.  Through the Pfannenstiel approach, the SI joints can be visualized and the quadrilateral surface exposed via the modified Stoppa approach2.  Therefore, a plate can be placed from the symphysis to the SI joint along the brim superiorly bilaterally.  Furthermore, a plate can be placed within the pelvis from the symphysis along the quadrilateral plate to the SI joint.  Plates or screws can be used on the inferior rami (Figure 1,3) via a direct approach with the patient in the lithotomy position (Figure 1).  This position allows the surgeon to also perform a Pfannenstiel incision as well.
For SI joint arthrodesis or iliac wing nonunions, the lateral window of the ilioinguinal approach is performed (Figure 3).  The L5 nerve runs 2cm medial to the SI joint and must be protected.  If vertical translation has occurred, mobilization of the nerve is required to reduce the hemipelvis without causing a nerve palsy.  For SI joint arthrodesis, after curetting the joint and creating a trough in the anterior SI joint, place two three-hole plates at approximately 70⁰ to each other.  Place the first plate as caudad as possible with one screw in the sacrum and two in the ilium.  Due to the anatomy of the sacrum, this caudad position allows placement of the longest screws possible into the best bone.  Angle the screw in the sacrum slightly medially to parallel the SI joint.  Bicortical 3.5mm screws are used.  The use of a long oscillating drill is recommended because of its flexibility and safety.  Alternatively, percutaneous iliosacral screws can be placed.  Iliac wing nonunions usually require plate fixation only without involvement of the SI joint.  

Sacral nonunions, due to limited visualization, almost always are operated on through a posterior approach. A longitudinal approach two centimeters lateral to the PSIS is made.  The gluteus maximus is raised off of the iliac crest, lumbodorsal fascia, and paraspinal muscles exposing the posertior SI joint and ligaments.  For arthrodesis of the SI joint through the posterior approach, fibrous and cartilaginous tissue is removed from the joint and posterior superior iliac spine bone graft is used to fuse the joint.  An osteotome is used to remove the articular cartilage from the iliac side first, and then a curette is used to remove cartilage  from the sacrum all the way to the anterior brim.  Fixation is usually obtained with two 6.5mm, 16mm thread length iliosacral screws.  Again, the use of an oscillating drill is recommended for safety and so that three cortices are entered but not the fourth.  Additional stability can be achieved by placing one or two posterior reconstruction plates from one iliac wing to the other iliac wing.  These plates act as a tension band and are less prominent if placed caudad to the PSIS.  Iliosacral bars are also an option, however, they are usually prominent and were not used in our series


3,11 ADDIN EN.CITE . More recently, trans-sacral screw fixation has been described1. 

Patients are touchdown weight-bearing (TDWB) for 12 weeks postoperatively.  After adequate healing, range of motion and strengthening exercises are instigated.

Malunions and Displaced Nonunions of the Pelvis

To treat symptoms related to deformity of the pelvis, a reduction of the pelvis is required because a simple in situ fusion will be unrewarding and not completely relieve the pain (Figure 3).  As mentioned earlier, this often involves a three stage, two stage, or one stage procedure


3,5,11 ADDIN EN.CITE .  If combined with an acetabular malunion, four stages may be required (Figure 10).  The key with combination pelvic and acetabular malunions and nonunions is after release of all the associated pieces, reduction and fixation of the pieces proceeds from the posterior pelvis to the anterior pelvis (i.e. posterior SI joint, acetabulum, and then the symphysis). 
The first stage includes release of one side of the ring (i.e., posterior osteotomy through an old iliac wing/SI joint injury, sacrum and transverse processes, and release of the sacrospinous and sacrotuberous ligaments).  The second stage includes the release of the other side of the ring (i.e., bilateral superior and inferior rami osteotomies, and further release of anterior interosseous SI joint, sacrospinous, and sacrotuberous ligaments as well as a sacral osteotomy), reduction of the pelvic deformity, and stabilization of that side of the pelvis (i.e., 10-hole reconstruction plate across the symphysis pubis).  The third stage is used for additional reduction and fixation of the first-stage side of the pelvis (i.e., two 6.5mm iliosacral screws).  Obviously, if the pelvis is well reduced and opposite side fixation can be performed, a third stage is not required (i.e., fixation of the posterior ring during the 2nd stage using percutaneous iliosacral screws in the supine position).  The order of stages depends on the pelvic deformity, where the initial injury occurred, and which side (anterior or posterior) will allow the best reduction during the second stage after complete release of the deformity both anteriorly and posteriorly (Figure 11).  Often, rotational deformities are best reduced with the patient supine.  With the ability to stabilize the normal hemipelvis to the bed, vertical translation can now be corrected using either anterior or posterior approaches.  However, bilateral vertical translations are best reduced from a posterior approach after adequate release anteriorly (bilateral anterior sacrum osteotomies) using pedicle screws and fixation into the PSIS (Figure 2).  

Depending on the particular deformity, different reduction techniques are used.  Posterior reduction techniques include table traction (Judet table) with fixation of the opposite side of the pelvis to the table (Figure 9), pointed reduction forceps (Weber clamp between the spinous process and iliac wing), pedicle screws attached to PSIS in distraction, femoral distractor between the two PSISs, and an angled Matta clamp through the notch (one tong on the sacrum anteriorly and the other tong on the outer cortex of the iliac wing).  Various anterior maneuvers include the Weber clamp, large Jungbluth pelvic reduction clamp across the symphysis pubis, pelvic “C”-clamp, external fixation compression distraction devices (depending on the deformity), table traction, and use of a femoral distraction between two iliac wings just lateral to the SI joint and between the iliac wing and the contralateral quadrilateral surface to external rotate the pelvis (Figure 2, 4).  The key to reduction is to recognize the deformity, adequately release the deformity, and create a force vector to reduce the deformity.

Surgical approaches also vary with particular deformities of the pelvis.  Anterior approaches include bilateral ilioinguinal, unilateral ilioinguinal, Pfannenstiel (modified Stoppa) incision, or lateral window of the ilioinguinal.  Posterior surgical approaches include the posterior longitudinal incision20 (sometimes bilaterally), extended iliofemoral (EIF) incision (if combined with an acetabular mal-union), or a lateral approach from the PSIS to the ASIS.

A typical surgical plan for a vertical malunion of the pelvis would be:

· Stage 1 – Patient is positioned supine. Bilateral superior and inferior rami osteotomies are performed along with release of the soft tissue around the osteotomies, an anterior sacral osteotomy just medial to the sacroiliac joint with release of the soft tissue associated with the L5 nerve root, and release of the sacrospinous and sacrotuberous ligaments.  This is done through a Pfannenstiel incision and the lateral window of the ilioinguinal approach.  

· Stage 2 - The patient is placed prone and a posterior approach to the sacral osteotomy is performed.  Further release of the sacral osteotomy is performed, along with release of the sacrotuberous and sacrospinous ligaments and the soft tissue around the iliac wing (including the iliolumbar ligament).  Reduction of the vertical migration of the hemipelvis is performed using table traction through an ipsilateral femoral traction pin with the contralateral pelvis fixed to the table, and with a Weber clamp and angled Matta clamp as mentioned previously.  Fixation is with two iliosacral screws.  

· Stage 3 – The patient is again positioned supine and additional reduction of the rotational deformity is performed along with plating of the bilateral superior rami osteotomies (Figures 3,4 & 10).  Alternatively, if the vertical deformity is minor (i.e., a posterior release is not required to get a minor correction with table traction) and the deformity is more rotational, the release, reduction and fixation can be done in a single stage anteriorly5 (Figure 3,12).

Stabilization of the pelvis also varies depending on the location of the deformity and the amount of release required for proper reduction.  Standard fixation anteriorly includes curved 3.5 reconstruction plates of various sizes anteriorly along the brim and symphysis.

Posteriorly, 6.5 cancellous iliosacral screws 16mm thread length, 3.5mm and 4.5mm osteotomy lag screws, and large reconstruction plates from PSIS to PSIS are used.  In each case however, the actual type of fixation is determined only after the reduction is performed.  Due to the extensive releases required to reduce pelvic malunions, postoperatively, patients are instructed to limit weight-bearing for three months before aggressive physical therapy and advancement to weight bearing as tolerated.

Results

The time frame from injury to operation in our series averaged 42 months (range from 4 months to 14 years)


3,11 ADDIN EN.CITE .  Operative time averaged 7 hours (range 1.5 to 10.4 hours).  Operative blood loss averaged 1,977 cc (range 200 to 7200cc).

At follow up, (average 3 years, 11 months; range -9 months to 11 years) all but one patient had a stable union of their pelvic ring.  Ninety-five percent of the patients were satisfied with the operation and 100% of the patients were satisfied with the improvement of their preoperative deformity.  As mentioned earlier, the unsatisfied patient continues to have a L5 nerve palsy.  Now with over a hundred pelvic nonunion and malunion patients, prevention is still the key.   
Complications included loss of reduction, neurologic injury, and vascular injury (external iliac vein).  There were no surgical infections.  Although residual low back pain was present in most of the patients preoperatively, 95% reported less pain following surgery.

MALUNION AND NONUNION OF THE ACETABULUM

CLINICAL ASSESSMENT: ACETABULUM

Pain

Pain associated with an acetabular nonunion or malunion usually occurs either at the nonunion site or in the hip joint.  An acetabular malunion is painful because of increased intraarticular pressure during weightbearing  due to articular incongruity reducing the contact area between the head and the acetabulum, wear of the head rolling over a mal-reduced fracture line, avascular necrosis, or osteoarthritis of the acetabulum.  Symptoms include increasing severity of pain with hip motion, limp, and restriction of hip motion.  Radiographic studies are used (as described later) to determine whether a nonunion or malunion exists and the extent and location of the damage in the hip. Critical to the pre-operative assessment of acetabular malunions and nonunions is the condition of the femoral head. Evaluation of the hip joint is also important to determine how much cartilage remains.  Attempts to compensate for loss of substance of the femoral head or the cartilage have not been successful.  The osteoarthritis rarely improves, and at best the deterioration is halted.  Before attempting reconstruction of an acetabular malunion/nonunion, the following must be understood:

1. The location and condition of the different articular fragments and the bony columns supporting them.

2. The extent and location of wear on the femoral head.

3. The presence, location, and extent of osteoarthritis.

4. The presence, location, and extent of avascular necrosis9. 
In all cases, a total hip arthroplasty (THA) is considered an option. If there is complete cartilage loss involving more than 50% of the dome, a THA is probably required.  Depending on the deformity, the total hip arthroplasty may need to be performed in conjunction with an osteotomy and reduction of the columns.
Deformity

Acetabular deformity and/or hip protrusio causes symptoms similar to what is seen in the pelvis: gait abnomalities, sitting imbalance, and limb length discrepancy (i.e., shortening of a transverse fracture).  Furthermore, protrusion of the femoral head centrally will cause a significant decrease in motion.  The difference between pelvic malunions and acetabular malunions is that malunions of the acetabulum require early diagnosis to prevent the development of severe arthritis after which the hip will no longer be salvageable.  Radiographic analysis is critical (see radiographic analysis) to determine the type of the fracture present and the amount and direction of displacement.

Genitourinary System

Genitourinary symptoms in acetabular malunions and nonunions can present similar to what is seen in pelvic malunions and nonunions.  Besides the symptoms listed in the pelvic section, a separate cyst of urine can be found where a rami fracture has perforated the bladder. 

Neurologic Injuries in Acetabular Nonunion and Malunion

The neurologic injuries associated with acetabular fractures are somewhat different than neurologic injuries in pelvic fractures and dislocations.  The predominant nerve injury in acetabular fractures is the common peroneal tract of the sciatic nerve causing a foot drop.  Additional nerve injuries include the superior gluteal nerve (abductor weakness) and obturator nerve (adductor weakness and numbness of the inner thigh).  Rarely, the femoral nerve may be injured.  A preoperative exam will often identify partial or complete muscle weakness.  In acetabular malunions and nonunions a complete knowledge of the anatomy is required to free the affected nerves and allow for anatomic reduction of the acetabulum without causing additional traction injuries to the nerves. Mayo et al described postoperative nerve palsies following correction of acetabular malunion in six percent of their cases (three percent superior gluteal and three percent sciatic)15.  

Patient Expectations

In acetabular malunion/nonunion patients the results are poorer, and the degree of difficulty and the need for precise anatomic reduction is an order of magnitude greater than what was discussed in the pelvis. Nothing less then a perfect reduction of the acetabulum is acceptable, and even in experienced hands, 58% of the patients go on to develop arthritis15. Timing is also an important factor, with 57% good to excellent results if operated on within three weeks of the injury and 29% good to excellent results if the delay exceeded 12 weeks from the time of injury. Once again, significant discussion is necessary prior to making a decision for surgery.  The patient must have realistic goals and an understanding of the risks and benefits of surgery.  The patient needs to understand preoperatively that success is limited and total hip arthroplasty is likely in the intermediate or long term.  

RADIOGRAPHIC ASSESSMENT: ACETABULUM

The radiographic analysis of acetabular malunions & nonunions uses the same radiographs as in the pelvic section with the addition of a MRI to look for cartilage damage and avascular necrosis.  Often these injuries have areas of malunions and nonunions in the same fracture line; i.e., in a transverse fracture the fracture heals supero-medially and has a nonunion postero-inferiorly.  Like the pelvis, the patterns of displacement of certain fracture types has been determined. The way a both column or T-type fracture displaces is somewhat consistent.  The anterior and posterior columns open up like “saloon doors” as the head pushes medially.  Drawing the fracture on a model is mandatory to determine the rotation of the broken pieces that either need to be released (nonunions) or osteomized and released (malunions) in order to obtain anatomic reduction.  For instance, transverse fractures have two axes of deformity. The inferior piece rotates around an axis that travels down the symphysis pubis with greater displacement posterior versus anterior.  The inferior transverse fracture rotates around a second axis from that lies on a line from the symphysis pubis to the fracture site through the posterior column. 

Release of the fracture fragments allows derotation of the fractured pieces and anatomic reduction at the articular surface.  Often, segmental bone removal is required to allow enough rotation of the fragments to restore anatomic reduction of the articular surface.  The edges of nonunions are seen radiographically as hypertrophied bone.  Narrowing of greater than 50% of the articular surface is an indication for total hip arthroplasty. Wear in other areas of the joint may be well tolerated.  Interestingly, some both column fractures detach the whole articular surface.  The femoral head remains congruent with the dome despite widening medially between the two columns and medial translation of the entire joint.  Medial widening up to one centimeter may be well tolerated, therefore treating these malunions conservatively may be the best option.  As mentioned, transverse fractures, although rare, seem to have the highest incidence of nonunions.  Generally, the inferior posterior column fracture line remains unhealed.  Sometimes this is associated with the psoas tendon being caught in the transverse fracture line in the psoas grove.  

TREATMENT: ACETABULUM

The indications for surgery include displaced acetabular nonunions or malunions that meet the indications for acute surgery (i.e., incongruence at the femoral head or  > 2mm step off in the weight bearing dome).  If there is already complete loss of articular cartilage the surgeon must ask him/herself whether a successful total hip can be performed with or without an osteotomy of the acetabulum.  In the case of nonunion, the nonunion has to be stabilized first and then at the same setting a total hip arthroplasty can be done.  If the hip is out of the socket either medially or laterally (Figure 13), usually the cartilage is preserved and the joint can be salvaged. 

Similar to treatment of pelvic nonunions and malunions, adequate release and mobility of the fracture fragments is a requirement for the surgery.  Generally, a two-stage reconstruction is required.  An anterior Pfannenstiel, modified Stoppa, or full ilioinguinal approach is performed depending on the fracture pattern.  For instance in a both column acetabular fracture the ilioinguinal approach is used to osteotomize the superior and inferior rami (through the previous fracture lines), and separate the two columns along the quadrilateral surface at the anterior column.  Importantly, all callous or healed bone that is preventing anatomic reduction is removed.  This is followed by an extended iliofemoral approach to anatomically reduce the acetabulum (Figures 10 & 14).

Simple Acetabular Nonunions
Simple acetabular nonunions are treated similar to pelvic nonunions.  Unfortunately, the more common scenario is that by the time a diagnosis of acetabular nonunion is made, the patient already has complete loss of the articular surface.  It then becomes imperative to reduce and fix the nonunion prior to doing a total hip arthroplasty - and this can be done at the same setting.  If a THA is performed without stabilization of the nonunion, >80% of these cases will have loosening of the acetabular component.  

The choice of approach in nonunions is similar to the acute setting:  The Kocher-Langenbeck for nonunions of the posterior column and wall, the ilioinguinal for the anterior wall and columns, and the EIF for all other fractures.  In all cases the fibrous tissue is removed from the fracture site including intraarticularly through a capsulotomy.  The edges of the nonunion can be sclerotic and need to be freshened up so that there is bleeding from both ends, and cancellous bone graft is packed into the gap.  Intraoperative traction with subluxation/dislocation of the hip allows the intraarticular nonunion to be corrected, and stabilization is performed with standard compression plate techniques16.  Displaced nonunions require mobilization of the fragments similar to acetabular malunions, with direct intraarticular visualization.  If greater than 50% of the dome has osteoarthritis a total hip arthroplasty is performed usually without mobilizing the fractured fragments unless there exists a protrusion of the head that needs to be stabilized with reduction of the two columns medially prior to doing a THA.

Malunions and Displaced Nonunions of the Acetabulum

Acetabular malunions and displaced nonunions are approached similarly to displaced pelvic nonunions/malunions.  The surgeon must have a thorough knowledge of the displacement pattern of the fracture fragments and be able to draw it on a model preoperatively.  Complete release of the bone and associated soft tissue is required for anatomic reduction of the joint.  Interestingly, bone healing is much more rapid than cartilage healing, so osteotomies through old malunions can be visualized intraarticularly easily than extra-articularly.  Also, reduction can be visualized intraarticularly to ensure congruency.  

In many malunions of the acetabulum, osteotomies require a wedge resection to restore congruency of the acetabulum.  In T-type malunions a wedge of bone is removed from the iliac fossa. This is in addition to superior and inferior rami osteotomies and soft tissue releases to allow the anterior and posterior columns to be rotated and reduced anatomically (Figure 10).  

Isolated column or wall malunions can usually be corrected in one stage with release, reduction and fixation all being performed through a single approach (i.e., anterior wall and column malunions and displaced nonunions can be corrected using the ilioinguinal approach or a portion of it, and posterior column or wall fractures can be corrected through a Kocher-Langenbeck approach).  Two column fractures (transverse, transverse posterior wall, anterior column/wall posterior hemi-transverse, T-type, and associated both column) often require an extended iliofemoral approach and possibly two stages (i.e., release of the anterior column through an ilioinguinal approach with additional release and anatomic reduction through an EIF approach) (Figure 14).  Transverse and transverse posterior wall malunions/nonunions can often be adequately released, reduced and fixed through a single extended iliofemoral approach as long as there is no associated symphysis, rami or posterior pelvis malunion.  Typically, T-type, anterior wall/column posterior hemitransverse and associated both column fractures require 2 stages to achieve adequate release, mobilization, and anatomic reduction of the articular surface (i.e., anterior ilioinguinal followed by EIF with both column malunions because the entire joint is separated from the intact iliac wing – Figure 14).  Occasionally the joint can be reduced anatomically even though the entire joint is medialized (i.e., secondary congruence).  Fixation is similar to acute fractures and postoperative protocols are similar to the pelvic section.

If there is loss of articular cartilage involving >50% of the dome, the surgeon may consider THA.  In severe cases of protrusio or dislocations, osteotomies (with release, reduction, and stabilization) are required prior to THA.  The THA can be performed at the same setting or one week later.

CONCLUSION

Stabilization of nondisplaced pelvic and acetabular nonunions, especially posteriorly, has been proven to be successful in returning patients to their pre-injury status17.  The one, two, or three stage pelvic reconstruction has also benefitted most patients with a pelvic malunion or displaced nonunion


3,11 ADDIN EN.CITE .  Operative correction of malunions and displaced nonunions of the acetabulum can give excellent results if the joint does not already have significant damage17.  The results of surgery in the setting of malunion or nonunion are not as good as those of acute treatment of acetabular fractures or pelvic ring injuries.  Once the deformity has established itself and chronic symptoms develop, the probability of surgical reconstruction returning the patient to their pre-injury status is decreased.  Also, the rate of complications is higher for late surgical treatment15.  Prevention by acute open reduction and internal fixation of unstable pelvic injuries and anatomic articular reductions in acetabular fractures is the best treatment for pelvic and acetabular malunions and nonunions.
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