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SKELETAL DEFORMITY FOLLOWING EXTERNAL FIXATION OF THE PELVIS
ABSTRACT
OBJECTIVE:  To better define the three-dimensional deformity of acutely injured unstable pelvises prior to and after application of an external fixator emergently using recently defined measurement techniques.

DESIGN:  Retrospective

SETTING:  Large pelvis fracture referral practice

PATIENTS: Sixteen out of 151 patients referred to our institution who were hemodynamically unstable and had a mechanically unstable pelvic injury after emergent application of an external fixator by the referring orthopaedist prior to transfer.

MAIN OUTCOME MEASUREMENTS:  We reviewed the anterior posterior, inlet, outlet, and CT radiographs both prior to and after placement of the external fixator.  A 3-dimension X, Y, and Z axis was used to define the deformity (No figure citations in an Abstract).  Each axis defines a rotational deformity and a translation deformity (i.e. x-axis – flexion/extension and diastasis/impaction, y-axis – internal/external rotation and cephalad/caudad translation, z-axis – abduction/adduction and anterior/posterior translation). (You don’t say anything about measurements for the translational and rotational deformities as “Main Outcome Measurements”)
RESULTS:  The most common deformities found were flexion (7/16), internal rotation (8/16), posterior translation (7/16), and cephalad translation (12/16).  Sixty-seven percent (8/12) of the patients had worsening of the deformity posteriorly despite apparent improvement anteriorly on the AP radiograph.  Although many deformities existed, we defined external fixator deformity as flexion and internal rotation of the hemipelvis, as this deformity it consistently worsened with an anterior frame.  Seventy-three percent (8/11) of the patients had worsening of the external fixation deformity.  Sixty-seven percent (8/12) patients had worsening of the posterior translation or diastasis.  After placement of the external fixator, all patients displayed greater than 1 cm of either posterior cephalad translation or diastasis (average 3.4 cm range 1.3 cm to 4.6cm).

CONCLUSION:  An external fixator deformity may occur (flexed internally rotated hemipelvis).due to the forces placed on the pelvis during reduction by the surgeon and stabilization by an external fixator. Furthermore, 67% of the patients had an increase in posterior displacement with placement of an external fixator.  Understanding the three-dimensional deformity of the hemipelvis after injuryenables the surgeon  to more easily perform the proper reduction maneuvers necessary to obtain a more anatomical reduction using external fixation.
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INTRODUCTION
The acute management of pelvic trauma is controversial.  Possible initial stabilization treatments for acute pelvic injuries include no external fixators11 (medical stabilization with possible angiography), anterior fixators 19, and posterior fixators.6,9,29  Numerous authors support the use of an external fixator in the acute hemodynamically unstable patient with a mechanically unstable pelvis.4,7,8,10,12,13,15,19,23,24,28  However, all of these studies have major flaws in their control population.  Some clinical2,11,20,21,27, biomechanical14, and anatomical3 evidence has questioned the use of external fixators.  Furthermore, the use of external fixators alone for the definitive treatment of Bucholz type III3 and Tile type C26 unstable pelvic injuries has resulted in unacceptable rates of failure.14, 18 Most important, associated injuries and coagulopathies contribute more to hemodynamic instability than the pelvic injury.3,20
Despite the controversy on the use of anterior external fixators, many authors recommend its use to reduce and stabilize a hemodynamically unstable patient with a mechanically unstable pelvis in the acute setting.  There have been several authors who have previously described the deformity of the pelvis however, these studies reported the displacement of the pelvis with a linear measurement.23,24,28  No study has reported on the actual three-dimensional deformity of the pelvis, and what is more important, the three-dimensional deformity of the pelvis after external fixation.2,21,27  Due to the increasing number of pelvic malunion referrals that were seen at our institution, we analyzed the acute deformity of the pelvis both prior to and after placement of an external fixator.17  Our purpose is to further define the three-dimensional deformity of the acutely injured pelvis prior to and after application of an external fixator emergently using recently defined measurement techniques.  The hypothesis was that the anterior external fixator placed incorrectly in the emergent life saving conditions might potentially place the vascular injury/clot at further risk for continued or worsening hemorrhage. 
(Is it correct or fair to say, that you were never able in this study to scientifically determine that “The 
hypothesis was that the anterior external fixator placed in the emergent life saving conditions incorrectly might potentially place the vascular injury/clot at further risk for continued or worsening hemorrhage”? If you agree with that premise, then there is no need to use your statement as the hypothesis for your study. Your hypothesis could  be something like what the conclusion is in your abstract, “Understanding the three-dimensional deformity of the hemipelvis after injury enables the surgeon to more easily perform the proper reduction maneuvers necessary to obtain a more anatomical reduction using external fixation”.
MATERIALS AND METHODS
One hundred and fifty-one pelvic fractures were referred to our institution for definitive operative treatment (1986-1994) (Table 1).   Sixteen patients were considered hemodynamically unstable (systolic blood pressure less than 90 mm Hg) and had an external fixator placed emergently by the referring orthopaedist prior to transfer.  Of the sixteen patients, fourteen were unstable Bucholz type III and two were Bucholz  type II  injuries .3  According to the Tile Classification, there were four C3, one C2, nine C1, and two B1.  We reviewed the anterior posterior view (AP), caudad (inlet), cephalad (outlet), and CT scans prior to and after placement of the external fixator on each of the sixteen patients.  No pre-external fixation films were available in three cases (In Table 1, you list four cases of “No pre op x-ray” or “unusable pre op x-ray” [Cases #1, 11, 12, 13]) .  However, the post ex-fix radiographs were used to define the deformity.  Deformities analyzed include leg length discrepancy, flexion/extension, internal/external rotation, abduction/adduction, and translation of the hemipelvis (Table 2).  Only the CT scan can be used reliably to measure deformity, especially rotational deformities.  Plain x-rays define the type of deformities,  and  specific measurements only for r, pure translational deformities (Figure 4).
Prior to defining the deformities of the pelvis, one must understand that the deformity exists in three-dimensional space.  Many of the deformities cannot currently be measured with an exact number of degrees.  However, by using various radiographic landmarks and their relationships to each other, deformities of the pelvis can be defined.  For example, although the surgeon cannot measure the exact degree of abduction, he or she can measure symphyseal diastasis and determine that the amount of abduction has increased if other deformities remain unchanged.  Because all deformities are interrelated, the surgeon has to ensure this diastasis does not result from an additional translation.  We attempt to define the deformity by a 3 axis (x, y, and z) system positioned in three-dimensional space, (Figure 1).  Similar to a long bone, once a 3-D CT program becomes available, a resultant vector in space can be used to define the pelvic deformity.  Due to the three-dimensional nature of the deformity, all the individual deformities are interrelated.  For example, elevation of the superior rami may be a combination of either flexion or cephalad translation.  Comparing the posterior translation will confirm the deformity (no posterior cephalad translation means the elevation of the rami is flexion because flexion is based in the posterior pelvis).19  (What would be the converse of that statement, if one exists? Posterior cephalad translation means the elevation of the rami is not in flexion because posterior cephalad translation is based ???.) The displacement of the hemipelvis in space is quite complex and in most cases cannot be defined in actual degrees or millimeters.  However, the deformity of the pelvis can be broken down into three rotational and 3 translational deformities that can allow the orthopaedic surgeon a better understanding of the reduction vector required to reduce the hemipelvis.  Furthermore, although actual measurements cannot be compared, viewing the pre and post external fixator, AP, inlet and outlet views, the surgeon can easily see which particular deformities improved or worsened with  external fixator application.  Although we recognize the displaced pelvis does not rotate around a single point supra-acetabular, we are developing a 3-D pelvic program that can define the normally positioned pelvis and use a three coordinate axis to define a resultant vector of the displaced hemipelvis. The anatomically placed hemipelvis in space aligns the anterior superior iliac spine and the pubis symphysis in the frontal plane and the pubis symphysis and the center of the sacrum on the sagittal plane.  A comparison to this anatomically placed hemipelvis will define the deformity.  This enhances our understanding of the actual three-dimensional deformity of the pelvis. (Did you use any of the 3D pelvic programs in the preparation of this manuscript or is it too preliminary to do so? Second, why do you mention the program in this section rather than in the discussion where it fits better as to future plans to study pelvic deformity?)
Our definition of these various deformities is as follows.  Translation of the pelvis is anterior/posterior (z-axis, Figure 1) or cephalad/caudad (y-axis, Figure 1).  Furthermore, diastasis/impaction is a translation on the x-axis (Figure 1).  Measuring cephalad/caudad translation on the AP view is easily performed (Figure 4).  Classically, posterior displacement is defined on the inlet view.  However, direct cephalad translation of the hemipelvis will cause an apparent posterior translation on the inlet view.  Therefore, the posterior translation is best measured on the CT scan.  The actual cephalad translation is estimated on the AP view from a line in the plane of the sacrum (Figure 4).  A perpendicular distance from this line to the ischium and the acetabular dome demonstrates the amount of cephalad translation.  The distance is compared to the contralateral hemipelvis.  A difference in ischial heights creates a sitting imbalance.  A difference in acetabular dome heights creates a leg length deformity.5,17  The cephalad translation distances  are an estimation.  Flexion/ extension and abduction/adduction of the hemipelvis can alter this translation measurement. 
(Somewhere in the beginning, perhaps in the Abstract or better in this section, it can be summarized there are three deformities on three axes that can be accurately measured on plain x-rays as pure translational deformities (anterior/posterior, cephalad/caudad and diastasis/impaction). [Correct statement?] There are also three rotational deformities that are measured on three axes that are  better defined and measured by a CT scan (flexion/extension, internal/external rotation, and abduction/adduction). [Is this a correct statement?]. Other deformities that be indirectly measured include leg length discrepancy and sitting imbalance and ???)
The rotational deformities include flexion/extension (x-axis), internal/external rotation (y-axis), and abduction/adduction (z-axis).  Flexion/extension of the hemipelvis is defined as the rotation of the hemipelvis around an axis that passes supra‑acetabular from lateral to medial through the iliac wing (x-axis, Figure 1).  In reality, most of the flexion/extension is based in the posterior pelvis (reference?).   Radiographic relationships are also used to define flexion/extension of the hemipelvis.  They are: (1) the obturator acetabular line16 to the teardrop (the more cephalad the line crosses the teardrop, the more flexion of the hemipelvis), (2) the shape of the obturator foramen on the outlet or AP view (the foramen becomes more elongated and elliptical with flexion), and (3) the position of the ischial spine within the obturator foramen on the outlet view (the more caudad the ischial spine is in relationship to the foramen the more flexion).  The best actual measurement of flexion is obtained from the three-dimensional CT scan.  The normal hemipelvis and sacrum are removed from the anatomically positioned pelvis.  An angle is measured from a line drawn between the anterior superior iliac spine (ASIS) to the symphysis and a line perpendicular to the floor.  Unfortunately, no pre-external fixator 3-D CT’s were available to measure an actual degree of flexion.  However, when comparing the relationships listed above, we can define  whether a flexion deformity worsened, stayed the same, or improved with  external fixation application.  

Internal/external rotation of the hemipelvis is defined around an axis that is perpendicular to the floor and splits the quadrilateral surface (y-axis, Figure 1 & 5A).  Defining internal rotation on plain films is performed by (1) comparison of widths between the two ischia (increased width with internal rotation), (2) width of an iliac wing (greater with external rotation), and (3) the relationship of the ilioischial line to the teardrop (the more lateral the line the more internal rotation).  The CT scan more precisely defines the degree of rotation.  Drawing a line parallel to the very constant quadrilateral surface (two to five mm above the dome) and the angle, this forms with a horizontal line in the plane of the sacrum measures rotation solely (Figure 2a-f, 3).  Sponseller25 used the line from the ASIS to the posterior superior iliac spine (PSIS) to measure deformity of the hemipelvis in children with congenital pelvic deformity.  However, this measurement is a combination of internal/external rotation and abduction/adduction rotation.

Abduction/adduction deformity is defined as the rotation of the hemipelvis around an axis that is perpendicular to the axis of internal and external rotation.  This axis passes anterior posterior through the supra-acetabular region (z-axis, Figure 1 & 5B).  Pure abduction/adduction will not affect the internal/external rotation measurement.  Pure abduction/adduction deformities are rare and usually associated with other rotational deformities.  One can determine whether an abduction/adduction deformity exists on the inlet view if no other rotational deformity exists.  The angle formed by a line from the posterior superior iliac spine (PSIS) to the symphysis pubis and a line in the plane of the sacrum estimates the abduction/adduction deformity.  An estimation of the amount of abduction/adduction can be determined from the CT scan.  After ruling out diastasis or impaction (lateral translation), comparing the distance from the center of the quadrilateral surface to the midline of the injured side to that of the non-injured side estimates the relative amount of abduction/adduction deformity but does not give the actual degree of rotation. (Figure 3).  Pure abduction and adduction are rare and usually associated with external rotation and internal rotation deformity (Figure 5). (Lines 172-173 say the same thing. Use this statement just once)
Displacement of the hemipelvis represents a combination of rotational and/or translation deformities (i.e. cephalad translation of the ischium could be a pure cephalad translation or a combination of rotational (flexion) and translational (cephalad) deformity).  Pre and post external fixation films were reviewed to determine the rotational deformities (i.e. flexion/extension, internal/external rotation, and abduction/adduction) and whether these rotational deformities worsened with the external fixator.  Cephalad displacement of the posterior and anterior aspect of the pelvis were performed using the AP radiograph and diastasis of the fracture or sacroiliac joint were measured by the CT. (Figure 3)   

Most deformities cannot be quantified until improved software for the 3-D CT is available, i.e. flexion, extension.  Certain views on plain radiographs were used to qualify specific deformation, i.e., flexion/extension of the hemipelvis was measured on the AP and outlet but not on the inlet view.  Furthermore, internal rotation was marked as either present or absent depending on the radiographic landmarks mentioned above.  The magnitudes of the linear measurements were used to compare pre external fixator views to post external views.  However, the linear measurements could not be translated into the actual degree of rotation of the deformity.  Therefore, the magnitude of the measurements was used for comparison only.  The surgeon must view the whole series of radiographs as a unit to define the deformity. For example, , on the AP film, an elevation of the rami at the hemipelvis may represent either translation or flexion of the hemipelvis; a comparison then must be made using  the outlet view and the cephalad translation of the posterior aspect of the pelvis. 
With regard to the results as in Table 1: Questions and summations. (Please see “Legend or Table 1 page as well)
1. In the “Flexion” and  “Internal Rotation” columns, can AC FX be used instead of just  “AC”?
2. In the “Final Reduction After Internal Fixation” column, what does the “3” in “3-STAGE” stand for and what does stage(d) pelvic  reconstruction mean  in terms of  your definitive treatment for those patients versus the other patients who did not have “3-STAGE”?
3. In the Figure Legend Page for Table 1, it appears as though your cm definition for reduction post ORIF as to whether poor, good, or excellent is backwards if it is residual centimeters post surgery?
4. In the “Loss of Reduction” column, you do make it clear in the text what time period you are talking about; presumably loss of reduction at your institution prior to definitive fixation   (the three “yeses” in that column. Please clarify as patients #11, 12, and 13 who had no preoperative or usable injury films did not have a recorded reduction [blank space], yet patient #1 who also had no preoperative or injury film does have a recorded reduction [NO].
5. In the column “Greatest Posterior Displacement”, patient #16 has a 1.5 cm diastasis “+H9”. What is “+H9”?
6. With regard to summations in various columns in Table 1, the following have been tabulated:
A. In the “Greatest Posterior Displacement” column, there were seven cephalad translations and nine diastases. If the cephalad and diastases are lumped together, the range according to Table 1 is from 1.5 cm to 5.4 cm, not the figures give in the results (1.3-4.6 cm). Furthermore the average is 2.93 cm, not the 2.4 cm listed in the results. 
B. In the “Loss of Reduction” column, there are 10 “nos” and 3 “yeses”. The three blanks are in patients #11,12, and 13. Patient #1 as mentioned above who also had no preoperative x-ray, has a recorded “no”. In your text you state “Four out of sixteen patients did not have enough comparable films pre external fixation to judge the adequacy of the external fixator”. Please clarify the status of patient #1 regarding this statement and inclusion in the column as “no” loss of reduction while the other three patients have a blank in that column.
C. The column labeled “Final Reduction After ORIF” has 7 excellent, 6 goods, one poor and 2 3-stages. You do not appear to mention this information in the text and therefore the question is why is this information in Table 1?
D. The column labeled “Flexion” had 6 no, 5 yes, 2 AC and patients #11, 12, and 13 are blank recordings. The exact same numbers are in the next column “Internal Rotation”. What information in the text uses this data?
E. With regard to “Deformity”, the calculations show 16 patients with the following  deformities and agree with your text as the most common ones:
i. 7 abduction 

ii. 6 adduction 
iii. 3 extension 

iv. 7 flexion
v. 8 posterior
vi. 13 cephalad
vii. 9 internal rotation
viii. 2 external rotation
There are no recordings for the following deformities; impaction, caudad, anterior or diastasis. Is this because impaction, caudad and anterior deformities were not seen and diastasis is? Please clarify.
RESULTS
After placement of the external fixator, all patients had greater than one centimeter of either cephalad translation or diastasis measured in the posterior aspect of the pelvis with the average displacement of 2.4 cm (range 1.3 cm to 4.6 cm).  This was due to a combination of the injury and placement of the external fixation.  The most common deformities were flexion (7/16), internal rotation (9/16), posterior (8/16) and cephalad (13/16) translation.  Abduction (7/16) and adduction (6/16) deformities were almost equally represented.  The deformities pre-external fixators were similar to those post external fixator, i.e. if posterior diastasis was present pre-external fixation it was present post external fixation, only worse. (Does that mean that every posterior diastasis worsened after placement of the external fixation (8/16 patients? There is some confusion re the words ”posterior diastasis”. “Diastasis” is listed as a translational deformity along with impaction on the x axis and “posterior” is listed as a translational deformity on the z axis. The terminology “posterior diastasis” appears to combine one term from the translational x and z axes together. Please clarify or use a different term throughout the paper.
Worsening is defined as > 2 mm change on any linear measurement.  The average internal rotation deformity of our patients equaled 22 (range 8 to 52).  We were able to compare the rotational deformities, both before and after external fixator placement, for only eleven patients because of associated acetabular injuries, lack of injury radiographs, or both.  Surprisingly, six out of eleven (55%) patients had worsening of the flexion deformity and five out of eleven (45%) had worsening of the internal rotation deformity.  The "external fixation deformity" is defined as worsening of either flexion, internal rotation, or both.  The accident caused the deformity.  However, the external fixator made it worse in eight out of eleven (73%) of the cases (5 cases could not be evaluated for deformity due to acetabular fractures, inadequate preop films, or no flexion internal rotation deformities). (You said the almost the same thing in lines 223-224. Please use statement only in one place).
The anterior measured change in diastasis of the symphysis after external fixation ranged from 3.8 cm improvement to 1 cm worsening with the average being an improvement of 7 mm.  Posteriorly the cephalad/caudad translation ranged from 2.4 cm improvement to 1.5 mm worsening for an average of 4 mm worsening.  Sacroiliac diastasis ranged from 2.1 cm improvement to worsening of 2.7 cm and averaged 2mm of improvement.

Eight out of twelve patients (67%) had worsening of the deformity posteriorly (either translation cephalad or diastasis) with the placement of an anterior external fixator.  Three patients lost reduction in the external fixator prior to definitive treatment with open reduction internal fixation.  Two of these patients had worsening at the cephalad translation in the posterior aspect of the pelvis and one had worsening of the symphysis diastasis. (Table 1)  The final position after loss of reduction was used for evaluation of deformity.  Four out of sixteen patients did not have enough comparable films pre external fixation to judge the adequacy of the external fixator.  However, these four could (most probably had?) have the deformity defined by the post external fixation films. (Are you saying for 100% sure that whatever the deformity was on the post external fixation film, that that deformity existed on an injury film (which you don’t have) and did not change except in degree on the post external fixation film?  Therefore, because the application of the external fixator did not cause any new deformity, or get rid of a previous deformity, you can use that post external fixation film as if it were the injury film, a surrogate if you will? Or is this too definitive a statement as theoretically a deformity present on the injury film could have been corrected to anatomic on the post external fixation film and you would not be aware of it as you do not have the injury film?)
DISCUSSION

The use of external fixators alone for the definitive treatment of unstable pelvic injuries has resulted in unacceptable rates of failure.14.18   However, the placement of an anterior external fixation frame in the acute pelvic injury for initial stabilization (for hemodynamic stability?) has been supported  by many authors.4, 8,10,12,13,15,17,19,23,24,28 However, some articles question this treatment.11,19   Our study does not preclude the use of external fixation as an acute resuscitation frame.  Instead, it highlights a potential problem  an orthopedist may encounter when using this treatment.  The authors still believe the anterior frame should be placed in life threatening hemodynamically unstable patients with a mechanically unstable pelvis.  However, to prevent potential worsening of the reduction posteriorly, the traumatologist should focus on the posterior reduction not the anterior reduction. (But is that absolutely necessary when the referring doctor is only applying the device for temporary use as a hemodynamic resuscitator, knowing that your institution is going to do definitive fixation?  Is it their responsibility as the first responder to a hemodynamically unstable patient with a pelvic fracture to use further time to obtain a better reduction with the external fixator, or transfer the patient as quickly as possible? In that scenario, does it then become your responsibility as the final treating physician to ascertain what the deformities are after transfer, and to correct them with definitive fixation, rather than the referring physician? The goal or hypothesis of your paper is “In conclusion, the surgeon placing an external fixator for a completely unstable hemi-pelvis must have a thorough knowledge of the 3-D deformity of the pelvis and the force vectors required for reduction to prevent potential worsening of the deformity and hemodynamic status”. Since there is no hard evidence that the hemodynamic status is made worse by an increasing malreduction post emergent external fixation, what does the referring physician do in the best interest of the patient; transfer ASAP or study films and spend the time necessary to further reduce the fracture? The question also exists that when you received a patient with an applied external fixator that showed a worsening deformity [and by corollary a potential source for continued or further hemodynamic instability], did you obtain a CT scan and other films as necessary, and emergently re-reduce the fracture prior to your definitive fixation to correct the reduction and/or potentially improve hemodynamic instability?  In reality, did you do any external fixator re-reductions prior to definitive fixation to improve the reduction or the reduction that was lost in 3 patients while awaiting definitive therapy?  It seems that at least emergently, the rationale for the transferring physician to obtain the best  reduction possible is the lessening of hemodynamic instability, which has not been proven in this paper. However, your paper points out well, that if the three dimensional measurements can be obtained quickly and understood in an emergent situation, then that information can be intelligently used by the referring physician to get the best reduction possible before transfer. 
Understanding both the pelvic deformity and the necessary reduction force gives the surgeon a better chance of preventing an external fixator deformity.23,24  73 % of the patients had worsening of internal rotation or flexion of the hemipelvis causing increased displacement posteriorly.  It is likely  that  the pins of the external fixator in the unstable pelvis were pushed together anteriorly  (Is there a better set of words to describe what you mean than other than “the pins of the external fixator in the unstable pelvis were pushed together anteriorly”? Do you mean during frame tightening of the external fixator the pins were translated toward the midline?)  during the reduction causing internal rotation, a flexion, and  diastasis in the posterior ring of the pelvis.  A poorly reduced posterior ring may contribute to more mechanical and hemodynamic instability in a patient.1  The surgeon applying the anterior external fixator must be aware of this deformity.  If this deformity exists, the surgeon can (and should?) obtain a better reduction.using  a combination of leg traction and  manipulation of the posterior pelvis with compression,.
The cephalad translation or diastasis worsened in the posterior aspect of the pelvis in eight out of twelve patients (67%) after application of an anterior external fixator frame.  This is a worrisome number.  The anterior symphysis injury often improved with the fixator.  However, the main area of stabilization (define “main area of stabilization”) posteriorly worsened.  Furthermore, the reduction posteriorly had greater than one-centimeter displacement (average 2.4 cm, range 1.3 – 4.6 cm).  Most of these deformities were greater than 1 cm prior to attempted reduction.  (Do you have the range and average of those measurements?) Although beyond of the scope of this paper, the best long-term results after definitive fixation occur when there is less than one centimeter of displacement.22 This failure of reduction may explain the high rate of failure associated with the  use of external fixation  as the definitive treatment of unstable pelvic injuries.14,18  

Although these external fixators were not applied by experienced trauma orthopaedic surgeons, (With all due respect, how do you know this, and is there a proven difference or consequence, if you as a referral center are going to do “definitive fixation” anyway? Hypothetically, if you were the referring physician applying the emergent external fixator, based on what you now know, would your results in that situation be a significant improvement in the patient’ status on arrival to the trauma center? Tthe high rate of worsening of the posterior ring deformity underscores the need to understand the mechanics of anteriorly placed external fixators for the unstable pelvis with complete posterior disruption (Has this “alarmingly” high rate of worsening of the pelvic ring deformity made any clinical difference in the outcome of the patients you definitively treated acutely?. If you didn’t change any of these external fixators prior to definitive therapy, especially the three that lost reduction awaiting definitive therapy, your stance  re worsening and the need to do something about it has less  impact.  (The preceding sentence has no scientific meaning and therefore is deleted). Assuming that the more experienced trauma orthopaedist will achieve a better reduction (only when doing definitive fixation, probably not with re-manipulation of an anterior frame), these findings are still important because many community hospitals are using external fixators as initial stabilizers as well as the definitive form of care for unstable pelvic injuries. (Is it better or worse for the patient if the temporary external fixation has been put on as a potential hemodynamic stabilizer and transfer frame, and the transfer doctor knows that the deformities are not corrected and may be worsened by fixator application; yet feels the potential positive effects on attaining hemodynamic stability outweigh the negatives? That, in addition to the fact that the transferring surgeon expects you to definitively correct any deformities by other methods?) 
Is it also important to be sensitive in the above paragraph not to make distinctions between the referral center and the “community hospital” and a less experienced orthopaedic traumatologist  [the “them and us” syndrome]. There are experienced orthopaedic traumatologists in community hospitals who are certainly the equivalent of those in referral centers. It is best not to use statements that do not have any scientific and educational value, even if they may be anecdotally true in some situations (which itself is speculative). Moreover, the purpose of the paper to present scientific information to improve the care of hemodynamically unstable pelvic fracture patients by alerting the orthopaedic community as a whole to the advantages (real or theoretical or both) of understanding pelvic fracture deformity. 
A potential error and limitation of this study was the comparison of linear measurements pre and post external fixation.  The CT scan measurements were very accurate (posterior diastasis, internal rotation, and abduction).  More problematic are the AP films, which could have different magnifications and angles of exposures.  This difference could effect the reliability of cephalad translation measurements.  Further studies need to be completed on the reproduction of cephalad translation measurements.  The authors however, believe these differences in techniques were minimal and the measurements were accurate. (Another potential error or limitation is the assumption that in the absence of injury films, the post external fixator application film is the same as the injury film. That assumes the external fixation did not correct any deformity to normal or the external fixator did not create any deformity other than what was present at time of injury).
Reduction of a pelvic deformity necessitates an understanding of the three-dimensional deformity.  Diastasis in the anterior or posterior aspect of the pelvis in a mechanically unstable pelvis requires a force vector medially along the x-axis.  Simple internal rotation of the hemipelvis will close the diastasis at the symphysis, but likely worsen the diastasis posteriorly.  The surgeon prevents this diastasis posteriorly and the flexion/internal rotation deformity by maintaining neutral rotation of the hemipelvis while directing the reduction force posterior medially.  Having good fixation in each ilium, the surgeon compresses the two ilia while maintaining rotation of the hemipelvis.24  Furthermore, in line traction or traction at 45º often helps reduce the unilateral cephalad displaced hemipelvis.

The measurement techniques (described in the Material and Methods section) help the surgeon define the three-dimensional deformity of the hemipelvis. This  allows for better reduction with the external fixator and subsequent preoperative planning,  thus making the definitive open reduction internal fixation easier. These measurement techniques have been applied to the operative treatment of pelvic malunion and nonunion patients.17.  Measuring the rotation of the constant quadrilateral plate to the plane of the sacrum (normal side internal rotation averages 6, ranges 0 to 19) and the distance of the quadrilateral plate from the center on the CT scan allows the surgeon to separate the internal rotation deformity from the adduction deformity.  Flexion/extension deformity can be determined by the following: (1) from the lateral three-dimensional CT scan, or (2) by comparing the relationship between the ischial spine to the obturator foramen on the outlet view (the more caudad the spine is in the obturator foramen the more flexion of the hemipelvis), or (3) from the obturator acetabular line crossing of the teardrop (the more cephalad the crossing the more flexion).

Given the three-dimensional deformity of the hemipelvis, all the measurements are interrelated which creates certain difficulties in defining the deformity.  Once learned, these anatomical interrelations allow a greater understanding of the actual deformity (i.e., adduction of the hemipelvis increases the apparent flexion on the AP view). However, there are other problems that arise  when defining the deformity.  In this series a potential difficulty included those patients with associated acetabular fractures.  The presence of fractures can prevent true measurements of deformities distal to the fracture, i.e., rotation of the hemipelvis on the CT scan or the position of ipsilateral rami in symphyseal disruptions.  Another problem was false deformities of the hemipelvis.  This can occur with impactions, i.e., an impacted sacrum can look like an abduction deformity where in reality the sacrum is impacted and the iliac wing springs back to its original position leaving a widened SI joint on that side.

The actual (true?) deformity of the hemipelvis was similar pre-external and post-external fixation.  (Were you able to say after the definitive surgery of the acute injury or after the treatment of the malunion that the preceding statement is highly accurate? In other words did those surgeries reinforce this statement, “The actual deformity of the hemipelvis was similar pre-external and post-external fixation” and that no additional new, different, or previously unrecognized deformities were found at time of surgery? It is the word “similar” that stimulates the above questions. Does “similar” mean “most of the time” or “in the majority of cases”, or what in terms of deformities or numbers of patients?).  Therefore, (it is our opinion?) the accident, not the external fixator caused the deformity.  However, as previously stated, in most cases the deformity worsened with the placement of the external fixator.  The most common deformities included cephalad and posterior translations, internal rotation and flexion.  These deformities are similar to the deformities found in our study of the surgical treatment of pelvic malunions and nonunions.17   In this malunion study the most common deformities were internal rotation (67%) and cephalad (100%) and posterior (67%) translation.  The failure of external fixation and traction in definitive management of unstable pelvic fractures explains the similarity in deformities between the acute deformities measured in this paper and the deformities seen in our study of pelvic malunions and nonunions.17
CONCLUSION
In this group of hemodynamically unstable patients with a mechanically unstable pelvis, we found a 73% worsening of rotational deformities (internal rotation and/or flexion) and the 67% worsening of translational deformities (cephalad translation and/or diastasis) encountered posteriorly with the use of pelvic external fixators.  The use of the anterior pelvic external fixator in the open book  pelvis (with some posterior ligament stability)  in a hemodynamically unstable patient appears to be technically less complicated.  When complete posterior disruption occurs, the application of an anterior external frame may worsen the pelvic deformity and increase posterior displacement.  The biomechanical strength of an anterior external fixator for posteriorly disrupted pelvic injuries have been questioned.14;  however  its use as a resuscitative frame is still supported. 4,8,10.12,13,15,19,23,24,28    Whether the posterior stabilizing external fixator will benefit patients with complete dissociation of the hemipelvis is still undergoing investigation.5,6,9,29  Although speculative, the inability of some external fixators to control hypotension in trauma patients may be in part, the malreduction that remains after external fixation placement.    In conclusion, the surgeon placing an external fixator for a completely unstable hemi-pelvis must have a thorough knowledge of the 3-D deformity of the pelvis and the force vectors required for reduction to prevent potential worsening of the deformity and hemo-dynamic status.  (You have the numbers for making the statement regarding potential worsening of the deformity with anterior external fixation. However your statement regarding malreduction possibly contributing to hemodynamic instability rather than helping it, remains speculative and cannot be used as a conclusion unless there is personal experience or a reference for it). 
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FIGURES
Figure 1
The three-axis system for defining the hemipelvis deformity.  The x-axis defines the flexion/extension rotational deformity and the diastasis/impaction translational deformity.  The y-axis defines the internal/external rotational deformity and the cephalad/caudad translational deformity.  The z-axis defines the abduction/adduction rotational deformity and the anterior/posterior translational deformity.

Figure 2: 2A-2F

Twenty-six year old pedestrian vs. motor vehicle.  Pedestrian  sustained a left sacroiliac dislocation and symphysis diastasis.  

2A)
Anteroposterior view (AP) before application of external fixator.

2B)
Anteroposterior view (AP) after application of external fixator.  Notice the internal rotation of the left hemipelvis (widening of the ischium) and the widening of the sacroiliac joint posteriorly while closing the symphysis anteriorly.

2C)
After external fixator placement - computed tomography (CT) showing 52O of internal rotation of the left hemipelvis.

2D)
Right hemipelvis with 1o internal rotation.

2E)
After open reduction internal fixation - AP.

2F)
CT scan showing 7o internal rotation of left hemipelvis and 1o internal rotation of right hemipelvis. 
Figure 3
The artist’s rendition of figure 2C with internal rotation deformity at 52º.  Furthermore, X being less than Y could suggest an adduction deformity or a medial impaction. 

Figure 4
The artist’s rendition of figure 2A with a parallel line to the sacrum and a 90º lines measuring leg length discrepancy (X) versus sitting imbalance (Y).  The width of the ischium (2) increases with internal rotation.

Figure 5
5) 
Pure internal rotation and adduction injuries with an inlet view.



5A)
Pure internal rotation injury.  Notice the change in profile of the iliac wing 
and obturator foramen.



5B)
Pure adduction injury.  Notice the profile of wing and obturator foramen 
remain constant.

Table 2:
DISPLACEMENT MEASUREMENTS DATA SHEET
Maximum Distance
Maximum
Maximum
Maximum Elevation of

Symphysis/Rami
SI Diastasis
Translation
symphysis (if > posterior 

cephalad translation +FLEX/-EXT)

AP

before
__________

_________
_________
__________

after
__________

_________
_________
__________

CAUDAD

(Inlet)before
__________

_________

after
__________

_________

CEPHALAD

(Outlet)before
__________

_________
_________
__________

Maximum

Ischium
Relation ilioischial
Relation obturator

translation

rotation
to teardrop

acetabular line to teardrop

(+POS/-ANT)

(+IR/-ER)
(+IR/-ER)

(+FLEX/-EXT)

AP

before



_______
_________

_________

after



_______
_________

_________

CAUDAD

before
_________

after
_________

ANTERIOR POSTERIOR


Discrepancy of ischial heights: ______ mm short side (circle one) right / left

Discrepancy of acetabulum dome: ______mm short side (circle one) right / left

Quadrilateral Plate
Quadrilateral Plate
PSIS/ASIS

Distance to midline
Rotation

Rotation

(+ADD/-ABD)

(+IR/-ER)

(+IR-ABD / -ER-ADD)

CT Scan

before
_________

_________

_________

after
_________

_________

_________


LEGEND:  IR - internal rotation
ER-external rotation
SI-sacroiliac joint
Flex - flexion

   Ext-extension

Before- before external fixator

After-after external fixator

PSIS-posterior superior iliac spine

ASIS-anteriro superior iliac spine
LEGEND FOR TABLE 1

FINAL REDUCTION AFTER ORIF  (Shouldn’t these be turned around re cms? The excellent reduction is < 1 cm etc.
 E=EXCELLENT ( < 4 CM )

 G=GOOD ( 4 CM - 1 CM )

 P=POOR ( > 1 CM )

 3 STAGE = STAGE?D PELVIS RECONSTUCTION (Why use the number “3” and tell us what “staged pelvis reconstruction means” and when it was done and why it is different as opposed to the other patients who did not have this procedure?
FLEXION

 AC FX = ACETABULAR FRACTURE THAT PREVENTED DEFORMITY MEASUREMENT

DEFORMITY AND ASSOCIATED INJURIES

 ABD = ABDUCTION

 ADD = ADDUCTION

 FLEX = FLEXION


 EXT = EXTERNAL EXTENSION

 IR = INTERNAL ROTATION

 ER = EXTERNAL ROTATION

 POST = POSTERIOR TRANSLATION

 CEPH = CEPHALAD TRANSLATION

 FX = FRACTURE

 R = RIGHT

 L = LEFT

