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Introduction 

Fracture dislocations of the knee are high-energy injuries that usually involve tibial 

plateau fractures associated with multi-ligament injuries.  Published literature more than 

twenty years old documents the severity of ligament injuries associated with tibial plateau 

fractures and the importance of restoring stability in order to obtain good functional 

results.1,2  Numerous small studies on tibial plateau fractures have documented an 

extremely high (often 50 – 90%) incidence of  associated knee pathology involving both 

ligaments and menisci.3-17 The published results following surgical stabilization of tibial 

plateau fractures have often been disappointingly poor,4,6,7,11,16,18-20 with some authors 

noting a relationship between poor outcomes and fracture dislocations.1,2,7,16,21,22  

Remarkable advances have been made regarding the surgical stabilization of complex 

tibial plateau fractures over the past decades with developments such as locked 

plating.15,23 However, effective treatment protocols that yield good results following 

fracture dislocations have remained elusive. 

 

Early motion rehabilitation protocols have become well established following ligament 

reconstruction surgery of the knee in order to prevent pain and limitations of motion as a 

result of arthrofibrosis.  Similarly, early motion protocols after reconstruction following 

knee dislocations have led to remarkable improvements in motion from a mean of 106º 

without immediate motion to a mean arc of motion of 124º with immediate motion 

rehabilitation protocols.24-34  Early motion is equally critical following fracture 

dislocations, where both the fracture and ligament injury can benefit from the prompt 
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initiation of motion.  However, obtaining adequate stability of both the skeletal and soft 

tissue injuries to allow early motion has remained an elusive challenge.  In order to obtain 

good motion knee stability of both the fracture and the ligament injury is critical.  Failure 

to obtain adequate stability will frequently result in poor motion and arthrofibrosis.35,36   

 

The Compass Knee Hinge (CKH) (Smith & Nephew, Memphis, TN) is a hinged external 

fixator that allows sagital plane motion while minimizing rotation and coronal plane 

motion.  The CKH was adapted from the Compass Hinge that was initially designed for 

the elbow.  There has been only one published clinical series using the CKH, and it 

involved patients following knee dislocation.35 The purpose of this study was to report on 

a prospective series of patients with fracture dislocations of the knee, who were treated 

using a protocol featuring early fracture stabilization, followed by ligament repair or 

reconstruction within the first month, with the addition of the CKH combined with early 

knee motion and aggressive rehabilitation.  The focus of this paper is to detail the 

outcomes of the soft tissue stabilization (ligament repair and reconstruction) and report 

on the outcome of the knee. 

 

Materials and Methods 

 

Twenty-seven patients with thirty fracture dislocations of the knee were enrolled in our 

prospective outcome study between February, 1999, and October, 2002, with a minimum 

two year follow-up.   This study was approved by the Institutional Review Board at our 

hospital.  This study is a consecutive series of all patients that sustained tibial plateau 

 3 



Podium Paper-Abstract #4799  James P. Stannard, MD 

fractures associated with multi-ligament knee injuries.  All patients have been 

prospectively enrolled and clinically followed.   

 

All patients in this study were treated using a treatment protocol involving the use of 

Magnetic Resonance Imaging (MRI) within a few days of injury, followed by skeletal 

stabilization of the fracture and repair of any bony ligament avulsions within one week.  

The exact time to fracture stabilization depended on a number of factors including the 

condition of the patient’s soft tissue envelope and the time necessary to obtain an MRI 

scan.  Following fracture fixation, patients were treated with a knee immobilizer and did 

not attempt knee motion prior to ligament reconstruction.  Spanning external fixators 

were only used if the knee joint would not stay reduced in the immobilizer, which was 

very rare.  Repair or reconstruction of ligament damage was delayed for three to four 

weeks from the time of injury in our treatment protocol, to allow time for knee capsule 

and soft tissue healing.  The Compass Knee Hinge was applied at the time of initial 

ligament reconstruction, and an early range of motion rehabilitation protocol was initiated 

on the first day following surgery.   

 

Our post-operative protocol included initiating motion from a range of 0 - 30º on the first 

day following surgery using a Continuous Passive Motion (CPM) machine, with 

increases of no more than 10º per day until 90º of flexion is achieved.  It is difficult to 

achieve more than approximately 110º of flexion while the CKH is on due to discomfort 

at the femoral pin sites in extremes of flexion.  Patients are encouraged to lock the hinge 

in full extension for at least an hour per day to prevent the development of any flexion 
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contracture.  Most patients are able to achieve full extension with the CKH without 

difficulty.  Limited strengthening exercises are initiated over the first six weeks following 

ligament reconstruction as motion is obtained and pain improves.  Patients are allowed to 

weight bear as tolerated while the hinge is in place.  The CKH was removed 

approximately six weeks after it was placed on the knee.  In patients with bicruciate 

injuries, the reconstruction of the ACL was delayed until six weeks following the repair 

or reconstruction of all other knee ligament injuries.  The CKH was removed at the same 

time as the ACL was reconstructed in patients with bicruciate ligament injuries.  Eight 

ACL reconstructions were delayed for approximately four months because screws used 

for fracture fixation were blocking the tibial tunnel or severe comminution prevented 

adequate fixation of the graft in the tibia. 

 

Data collected in this study included demographic data on our patients as well as initial 

hospitalization data.  We also recorded physical examination results during serial clinic 

follow-up appointments, regarding both the fracture and the knee reconstruction.  Pain 

was recorded on a scale from 0 to 10, with 0 representing no pain and 10 representing the 

most severe pain the patient had ever experienced.  Patients were advised that a score of 0 

– 3 was considered mild pain, 4 – 6 moderate pain, and 7 – 10 was considered severe 

pain.  Anterior-posterior and lateral radiographs were obtained at the time of injury, as 

well as at 6 weeks, and 3, 6, and 12 months following injury.  Additional radiographs 

were obtained as needed to monitor the healing of the fracture.  Outcome scores obtained 

during clinical follow-up included the:  Lysholm knee score; International Knee 
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Documentation Committee (IKDC) score; and Short Form – 36 (SF – 36) functional 

outcome score.   

 

Ligament stability was assessed using KT-2000 ligament arthrometer examinations in 

addition to clinical stability examinations.  Patients were scored on a 0 – 3+ scale, with 0 

reflecting no laxity, 1+ representing 5º  or 5mm of laxity depending on the test, 2+ was 

10º or 10mm, and 3+ was 15º  or 15mm or more of laxity when comparing the two sides. 

Anterior stability was tested using the Lachmans test at 30º as well as the pivot shift, 

posterior stability was tested with the posterior drawer.  The PMC was tested with valgus 

stress at 0º and 30º of flexion.  The PLC was tested with varus stress and the dial test.  

The dial test was performed with patients in a prone position when performed in the 

clinic, and in a supine position when performed as part of an examination under 

anesthesia prior to the surgical reconstruction.  The test was conducted at both 30º and 

90º of flexion.  Great care must be taken to keep the knees together while applying the 

external rotation force.  Again, results were scored on a scale from 0 – 3+. Zero 

represented a knee with less than 5º difference between the two legs. 1+ was a leg with 5 

- 10º, 2+ for 10 - 15º, and 3+ for more than 15º of difference between the two legs. In 

both tests, a grade of 0 or 1+ represented a successful result, and a score of 2+ or 3+ was 

considered a failure. Complications were also recorded as they occurred. 

 

Results 
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Thirty patients with 33 knee fracture dislocations have been entered into our study.  

Three patients sustained bilateral injuries.  Three patients have been lost to follow-up 

despite exhaustive efforts to locate them and obtain data.  Twenty-seven patients with 30 

fracture dislocations have a minimum clinical follow-up of 24 months.  Mean follow-up 

on our patients was 42 months, with a range of 25 to 58 months.  All of our data and 

conclusions will be based on the patients with at least two years of follow-up. 

 

The mean age of our patients was 41 (range 18 – 63) years old.  There were 15 males and 

12 females enrolled in our study.  The mean weight of our patients was 194 pounds, with 

a range of 130 – 318 pounds.  Nearly all of our patients were involved in high-energy 

trauma, with the following mechanisms of injury:  motor vehicle accident – 13; fall – 7; 

pedestrian versus automobile accident – 3; motorcycle accident – 2; and sports injuries – 

2.  The only patients whose trauma may not be a high-energy accident were the two 

patients involved in athletic accidents.  They were injured in an equestrian accident and a 

high speed skiing accident respectively.  In both cases the fracture pattern was a high-

energy (Schatzker VI) pattern.  The mean Injury Severity Score on our patients was 14  

(9 – 38). 

 

All of our patients were evaluated using a selective arteriorgraphy protocol.37 One patient 

had an abnormal vascular examination with decreased peripheral pulses.  Arteriogram 

demonstrated a complete disruption of the popliteal artery, and he underwent successful 

emergent vascular bypass grafting.  The remaining 26 patients had normal vascular 

physical examinations, and none of these patients had significant vascular injuries.  Seven 
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patients (26%) of our patients sustained peroneal nerve injuries, with three of them 

resolved at most recent clinical evaluation. 

   

Soft tissue injury was assessed using the classification of Gustillo38 for open fractures and 

the Tscherne classification for closed injuries (Table 1).   Four fractures were open and 

26 were closed injuries.  The open fractures included one Type IIIC, one Type IIIA, and 

two Type II injuries.  The closed fractures had a mean Tscherne score of 1.96, with a 

range of one to three. 

 

The tibia plateau fractures were classified based on the AO/OTA classification39 as well 

as the Schatzker classification.40 The majority of fractures were high-energy patterns 

based on both classifications.  The AO/OTA classifications were:  41B – 10 fractures; 

and 41C – 20 fractures.  The Schatzker classifications of the fractures were:  Type I – III 

– 6; Type IV – 4; Type V – 4; and Type VI – 16.   

 

The fracture dislocations were classified based on the anatomic classification described 

by Schenck and modified by Stannard.37 In that classification, I – IV are isolated ligament 

injuries, and V is a fracture dislocation.  A V.1 is a fracture that does not have an 

associated bicruciate ligament injury, a V.2 is a fracture with a bicruciate injury, a V.3 is 

a fracture with a bicruciate injury and either a posteromedial or posterolateral corner 

injury, and a V.4 is a bicruciate injury with both the posteromedial and posterolateral 

corners also being torn.  Our patients were classified as follows according to the Schenck 

classification:  V.1 – 8 knees; V.3 – 16 knees; and V.4 – 6 knee’s.   
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Patients in this study required a mean of 4.8 surgical procedures per patient, with a range 

of two to eight.  Knee motion at the most recent follow-up ranged from 1 (0 – 10) to 128 

(90 – 150) degrees.  Most patients in this study complained of pain in their knee.  

However, the vast majority noted that it was mild pain which was scored at a mean of 1.8 

(0 – 9) on a scale of 1 – 10.  Current employment status has been obtained on our 

patients: 21  (78%) patients returned to full time work at their previous occupation; three 

(11%) returned to full time work at a different occupation; one (4%) patient returned to 

light duty only; and 2 (7%) have not returned to any type of work.   

 

All of the fractures in this series went on to union without additional surgical procedures 

to achieve union.  Two patients had malalignment of 5º or greater, one with 8º of varus 

and 5mm of condylar widening and the other with 10º of varus.   

 

Nineteen of our 30 knees (63%) sustained torn menisci.  There were 14 lateral and 12 

medial meniscus tears.  Fourteen (54%) of the tears were peripheral and were repaired.  

The remaining 12 tears were not amenable to repair and were treated with partial 

meniscectomy. 

 

Ligament injuries in our patients were tabulated as either ACL, PCL, posterolateral 

corner (PLC) or posteromedial corner (PMC).  Patients in this series underwent 24 ACL 

reconstructions.  There were ten PCL reconstructions and nine repairs of PCL avulsions 

with large bone fragments attached.  Sixteen patients had PLC reconstructions and 
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another 13 had primary repairs of the posterolateral corner.  There were four 

reconstructions and six repairs of the PMC. 

 

Ligament stability was assessed using a combination of clinical examination and a KT-

2000 ligament arthrometer.  Clinical examination of the ACL included assessment of 

both the Lachmans and Pivot Shift tests.  Twenty-nine knees had a final Lachman grade 

of 0, while one patient had a 1+.  All 30 knees had a final pivot shift grade of 0.  PCL 

examination yielded a grade of 0 for 28 knees, 1+ for one, and 2+ for the final knee.  The 

patient with the 2+ knee was diagnosed with a partial PCL injury and the PCL was not 

treated surgically.  The PCL has become more lax as the rehabilitation process has been 

completed, but the patient has declined surgical correction of the instability.  Clinical 

examination of the PMC has yielded 27 knees with a grade 0 stability and 3 with a grade 

1+ stability.  The posterolateral corner was assessed both for instability to varus stress 

and external rotation.  The final grades for our patients regarding varus stability included 

22 grade 0, seven grade 1+, and one grade 2+ knee.  The grades for external rotation 

included 27 grade 0 and 3 grade 1+ knees.  The patient with the grade 2+ knee regarding 

varus instability has declined additional surgery and expressed that she is satisfied with 

her knee stability.  Please see Table 2 for details regarding the clinical examination of 

knee ligament stability on our patients. 

 

KT-2000 ligament arthrometer exams were completed on 27 knees in this series.  The 

mean for the injured knee at 30º anterior was 7.7mm compared to 8.3 mm for the 

uninjured knee.  The mean posterior translation at 30º was 3.6 mm for the injured knee 
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compared to 3.9mm for the uninjured knee.  The results were similar at 70º of flexion:  

anterior translation was a mean of 5.9mm for the injured knee compared to 7.6mm for the 

uninjured; and the posterior translation was a mean of 2.5mm for the injured knee 

compared to 2.7mm for the uninjured knee.  The mean translation was lower for the 

injured knee at both 30 and 70 degrees both for anterior and posterior translation.  We 

have also evaluated total anterior and posterior translation at 30 and 70 degrees.  This 

figure prevents false negative arthrometer exams due to starting the PCL exam with the 

knee sagging posteriorly.  If this error occurs, it will lead to an increase in the anterior 

translation and will be reflected in the total translation number.  Twelve of the 27 knees 

(44%) had greater total translation at 30º on the injured side than on the uninjured side, 

however only four (15%) had translation greater than 5mm different, and three of them 

were 6mm greater and the fourth was 7mm greater than the uninjured side.  Seven of the 

27 knees (26%) had a greater total translation at 70ºon the injured side when compared to 

the uninjured side.  None of seven patients had more than a 5mm increase when 

comparing the injured and uninjured sides at 70 degrees.  Table 3 documents the KT-

2000 data for our patients including total anteroposterior translation. 

 

Fifteen out of 82 (18%) ligament repairs of reconstructions required revision due to 

failure on both clinical and KT-2000 ligament arthrometer exams.  Eight out of 54 (15%) 

ligament reconstructions required revision compared to seven out of 28 (25%) repairs.  

When evaluating individual ligament groups, the results were as follows:  ACL – 3 

revisions out of 24 reconstructions (12.5%); PCL reconstruction – 0 failures; PCL repair 

– 2 revisions out of 9 (22%); PLC repair – 4 revisions out of 13 primary repairs (31%); 
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PLC reconstruction – 5 revisions out of 16 (31%); PMC repairs – 1 revision out of 6 

primary repairs (17%); and PMC reconstructions – 0 failures.  Some patients had multiple 

ligaments fail and require revision.  Nine of the 30 knees (30%) required revision of at 

least one ligament group. 

 

Knee specific outcome scores were obtained on all of the patients in our study using both 

the Lysholm and IKDC scores.  The mean Lysholm knee score was 91 (71 – 100).  Only 

five knees (17%) had scores less than 80 and there were no knees with scores less than 

70.   The objective IKDC scores were as follows:  Normal knee – 12 (40%); nearly 

normal knee – 8 (27%); abnormal knee – 8 (27%); and severely abnormal knee – 2 (7%).  

Subjective IKDC scores were obtained on 21 of the 27 patients, with a mean score of 62 

(33 – 97). 

 

SF – 36 scores were obtained on a sequential basis during our patients’ rehabilitation 

from their knee injury (Table 4).  Final SF – 36 scores for the physical component (PCS) 

were a mean of 36.4 (21 – 59).  Final scores for the mental component (MCS) were a 

mean of 51.8 (15 – 68).  There was a marked improvement in our patients PCS scores 

over time, but no significant change in their MCS scores over time.  The PCS scores at 6, 

12, and 24 months were 30.3, 35.7, and 34.3 respectively.  Most of the improvement in 

scores occurred in the first 12 months.  MCS scores remained consistent throughout the 

study period.  The score was a mean of 50.4 at 6 months, 51.1 at 12 months, and 50.3 at 

24 months follow-up. 
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None of the patients in study were competitive athletes at the time of their injury.  Ten 

were recreational athletes, twelve participated in hobbies such as hunting and fishing, and 

five were sedentary individuals.  We classified whether the patient was able to return to 

their prior level of activity.  Sixteen (59%) patients were able to resume their prior level 

of activity, while ten (37%) were not able to be as active as they were prior to their 

injury.  One patient (4%) went from being a recreational athlete to being sedentary as a 

result of their traumatic injuries.  

 

There were a total of 21 complications that occurred in our patients.  Fifteen of the thirty 

knees (50%) experienced at least one complication.  The most common complications 

involved infection.  One knee (3%) developed a deep infection that required multiple 

surgical debridements and long-term intravenous antibiotics.  Six knees (20%) developed 

either a superficial (4) or a pin tract (2) infection that required short term antibiotic 

treatment only.  Four knees (13%) developed arthrofibrosis that required manipulation 

under anesthesia and arthroscopic lysis of adhesions.  Another patient (3%) developed 

significant heterotypic ossification that caused pain and limited motion and required 

surgical excision of the excess bone.  Two patients developed hardware failures that 

required revision or removal of the hardware.  Two more patients healed with 

malalignment of their fracture greater than 5 degrees.  Two of the knees have gone on to 

develop severe post-traumatic arthritis.  One patient (3%) developed a fistula that 

required surgical closure, and another developed a compartment syndrome as a result of 

the fracture dislocation.  Aggressive treatment was able to resolve the majority of the 

complications and yield good final functional results in most patients. 

 13 



Podium Paper-Abstract #4799  James P. Stannard, MD 

 

 

 

Discussion 

 

Fracture dislocations of the knee have been associated with poor outcomes and high 

morbidity in the limited publications in the orthopaedic literature.1,2,7,16,21,22    Diagnosis 

of fracture dislocations can be very challenging, since it is virtually impossible to perform 

a good ligament examination on a patient with a tibial plateau fracture, both as a result of 

pain and the instability that is present as a result of the fracture.  Several small studies 

have been published using MRI or arthroscopic techniques to evaluate the integrity of the 

soft tissue structures around the knee following fractures of the tibial plateau.  The results 

of the studies indicate that between 33 – 90% of patients with tibial plateau fractures have 

concomitant torn knee ligaments.  The studies conclude that MRI is vastly superior to 

other imaging studies at detecting associated soft tissue injuries, and also provides 

adequate detail of the skeletal injury.41-45  Bennett and Browner published a prospective 

study that combined examination under anesthesia with arthroscopy in thirty patients 

following tibial plateau fractures.  Their study documented that 56% of their patients had 

associated soft tissue injuries.3   

 

Poor clinical outcomes are common following high-energy tibial plateau fractures, 

whether associated ligament injuries are diagnosed or not.1,2,4,6,7,11,16,18-21  The poor results 

are often presumed to be due to the damage to the bone and articular cartilage.  However, 
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two long term follow-up studies have reported that severe arthrosis is not necessarily an 

automatic result following high-energy tibial plateau fractures.  They also noted that it is 

a rare development if it has not occurred in the first one or two years following injury.  

They both noted that good long term clinical results are possible following severe tibial 

plateau fractures.46,47  It is well established that early motion and aggressive rehabilitation 

are beneficial in order to avoid a stiff and painful knee secondary to arthrofibrosis 

following knee dislocations.24-33   In patients following fracture dislocation of the knee, 

adequate stability of both the tibial plateau and the knee must be achieved to allow early 

functional rehabilitation and minimize the morbidity associated with arthrofibrosis in 

patients following fracture dislocation of the knee.35,36,48  

 

Our treatment protocol recognizes that it is important to diagnose a fracture dislocation in 

order to treat the entire injury, rather than just the fracture.  MRI scanning and increased 

clinical vigilance minimize the problem of missed fracture dislocations.  The use of the 

CKH at the time of ligament reconstruction has allowed early and aggressive motion 

postoperatively.  While the early motion has helped us achieve an outstanding final arc of 

motion in our patients, early and aggressive motion can create problems with wound 

healing.  In the early portion of this study, many patients had their motion advanced more 

quickly than ten degrees per day and had an increased risk of wound dehiscence, fistula 

formation, or infection.  As a result, we have now adopted the policy of no more than ten 

degrees of increased flexion per day to allow for soft tissue healing in addition to 

obtaining knee motion.  
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The results of our protocol of early diagnosis of the fracture dislocation, followed by 

skeletal stabilization within one week and ligament stabilization combined with a CKH 

with one month has yielded encouraging final results.  Our patients did experience an 

18% incidence of ligament repair or reconstruction failure when evaluating all of the 

procedures used to stabilize the knee.  There was a trend toward better stability with 

reconstruction than with repair in these patients.  This may be due to the combination of 

both skeletal and ligament injury making repair too tenuous even with the additional 

stability afforded by the CKH.   37% of patients in the sixteen published studies since 

1990 have post-operative knee instability following knee dislocations.24-31,33-35,49-53  There 

are not adequate contemporary published studies regarding fracture dislocations, but we 

would expect the failure rate of the combination injury to be as high as with an isolated 

dislocation.  The coronal plane and rotational stability provided by the CKH allow 

ligament reconstruction healing while aggressive rehabilitation is provided. 

 The failure rate of repairs or reconstructions of the posterolateral corner was higher than 

any other ligament groups within the knee.  While final results were generally good, 31% 

of our patients with either a PLC repair or reconstruction required revision.  This is 

remarkably worse than our published results with an 8% failure rate using the modified 

two-tailed PLC reconstruction.54 Those results did not involve patients with the addition 

of a fracture.  While we believe an aggressive protocol with early reconstruction leads to 

an earlier return to normal work and recreation activities, it may be prudent to delay PLC 

reconstruction until the skeletal injury to the tibial plateau has undergone additional 

healing.   
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Early and aggressive rehabilitation has yielded an outstanding knee range of motion in 

most of our patients.  The mean arc of motion of 1 - 128º obtained by our patients 

surpasses the published results in most series for either tibial plateau 

fractures1,2,4,6,7,11,16,18-22 or knee dislocations.24-34  We believe it is critical to obtain 

stability of both the bone and joint in order to pursue aggressive rehabilitation.  The 

combination of fracture fixation within the first week, early ligament reconstruction and 

the addition of the CKH achieve adequate stability to pursue early motion.  The compass 

hinge is a critical component of stability that has allowed us to pursue early motion 

rehabilitation without losing fracture fixation and with a lower prevalence of ligament 

failure than what is currently reported for knee dislocation without fracture.   

 

The results of the objective joint specific outcome scores in our patients have been very 

good.  The mean Lysholm knee score at the most recent follow-up was 91, and only five 

patients had scores less than 80.  The objective IKDC scores were also very encouraging 

with 67% of our patients achieving normal (A) or near normal (B) knees.  Both outcomes 

compare favorably with published outcomes regarding knee dislocation without an 

associated fracture.  Published Lysholm knee scores regarding knee dislocations since 

1990 yielded a mean score of 8229,32-34,52,55  while published IKDC scores had the 

following results:  Normal knee 1%; Near normal knee 35%; Abnormal knee 49%; and 

Severely abnormal knee 16%.28,50,52,53  There have not been adequate contemporary 

studies published regarding fracture dislocations to allow a direct comparison.  We 

believe the addition of a fracture likely makes it more difficult to achieve good objective 

knee scores. 
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Objective outcome scores have been gratifying, but subjective outcomes have been less 

encouraging.  The SF-36 patient outcome survey documents a trend toward significant 

improvement over time, but these patients remain greater than one standard deviation 

below age-matched controls following fracture dislocation of the knee.  The difficulty in 

achieving complete recovery relates to injuries other than the knee in many cases in these 

multiple trauma patients.  The subjective portion of the IKDC also documents that these 

patients have not completely recovered their pre-injury capabilities.  This finding is 

corroborated by our results in terms of recreational and athletic activity.  Forty-one 

percent of our patients have not been able to return to their pre-injury activity level.  The 

impact has not been as great when we evaluated patient employment.  Seventy-eight 

percent of our patients have been able to return to their pre-injury job, and another 11% 

returned full time to a different job.  Clearly, our patients achieved adequate stability and 

motion to allow a return to work.  However, in many cases patients did not feel they were 

capable of a full return to leisure and athletic activities.  

 

Fracture dislocation of the knee is a severe and complex injury that often leads to severe 

morbidity.  The surgical treatment of these complex patients is very challenging.  The 

consistent application of our prospective protocol featuring aggressive diagnosis and 

treatment of the ligament injuries, application of a hinged external fixator, and early 

motion rehabilitation has allowed good clinical outcome results.  However, associated 

complications occur frequently and often require additional surgery to correct.  Based on 

our results, we believe that this aggressive approach yields results far better than 

previously published outcomes for this challenging injury.  Direct comparisons are 
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difficult due to very limited contemporary publications regarding fracture dislocations.  

Arthrofibrosis, pain, and knee laxity, while remarkable improved with this protocol, 

remain major problems for these patients.  Based on our results we believe it may be 

prudent to delay PLC reconstruction until the CKH is removed, allowing additional 

healing of the fracture.  This may improve graft fixation and decrease the need for 

revision of the PLC.  The Compass Hinge allowed early aggressive motion in the saggital 

plane while controlling coronal and axial plane motion.  We believe this controlled early 

motion was critical in allowing our patients to achieve outstanding objective results.  As 

the complication rate documents, these remain very challenging injuries.  We continue to 

evaluate our surgical and rehabilitation methods with the goal of decreasing the 

complication rate and improving clinical outcomes.   

 19 



Podium Paper-Abstract #4799  James P. Stannard, MD 

 
REFERENCES 

 
 
 1. Hohl M. Tibial Condylar Fractures. Instructional Course Lecture. American 

Academy of Orthopaedic Surgeons. 1967;49-A(7):1455-1467. 

 2. Moore TM. Fracture-dislocation of the knee. Clin Orthop. 1981;156:128-140. 

 3. Bennett WF, Browner B. Tibial plateau fractures: A study of associated soft tissue 

injuries. J Orthop Trauma. 1994;8(3):183-188. 

 4. Blokker CP, Rorabeck CH, Bourne RB. Tibial plateau fractures. Clin Orthop. 

1984;182:193-199. 

 5. Burri C, Bartzke G, Coldewey J, Muggler E. Fractures of the tibial plateau. Clin 

Orthop. 1979;138:84-93. 

 6. DeCoster TA, Nepola JV, El-Khoury GY. Cast Brace Treatment of Proximal 

Tibia Fractures. Clin Orthop. 1988;231:196-204. 

 7. Dendrinos GK, Kontos S, Katsenis D, Dalas A. Treatment of high-energy tibial 

plateau fractures by the Ilizarov circular fixator. J Bone Joint Surg. 1996;78-

B:710-717. 

 8. Fernandez DL. Anterior approach to the knee with osteotomy of the tibial tubercle 

for bicondylar tibial fractures. J Bone Joint Surg. 1988;70-A(2):208-219. 

 9. Honkonen SE. Indications for surgical treatment of tibial condyle fractures. Clin 

Orthop. 1994;302:199-205. 

 10. Hung SS, Chao E-K, Chan Y-S, Yuan L-J, Chung PC-H, Chen C-Y, Lee MS, 

Wang C-J. Arthroscopically assisted osteosynthesis for tibial plateau fractures. J 

Trauma. 2003;54(2):356-363. 

 20 



Podium Paper-Abstract #4799  James P. Stannard, MD 

 11. Koval KJ, Helfet DL. Tibial plateau fractures: Evaluation and treatment. J Am 

Acad Orthop Surg. 1995;3:86-94. 

 12. Lachiewicz PF, Funcik T. Factors influencing the results of open reduction and 

internal fixation of tibial plateau fractures. Clin Orthop. 1990;259:210-215. 

 13. Marsh JL, Smith ST, Do TT. External fixation and limited internal fixation for 

complex fractures of the tibial plateau. J Bone Joint Surg. 1995;77-A(5):661-673. 

 14. Savoie FH, Vander Griend RA, Ward EF, Hughes JL. Tibial plateau fractures: A 

review of operative treatment using AO technique. Orthopedics. 1987;10(5):745-

750. 

 15. Stannard JP, Wilson TC, Volgas DA, Alonso JE. Fracture stabilization of 

proximal tibial fractures with the proximal tibial LISS: Early experience in 

Birmingham, Alabama (USA). Injury. 2003;34(Suppl 1):S-A36-S-A42. 

 16. Stokel EA, Sadasivan KK. Tibial plateau fractures: Standardized evaluation of 

operative results. Orthopedics. 1991;14(3):263-270. 

 17. Tscherne H, Lobenhoffer P. Tibial plateau fractures. Management and expected 

results. Clin Orthop. 1993;292:87-100. 

 18. Ali AM, Burton M, Hashmi M, Saleh M. Treatment of displaced bicondylar tibial 

plateau fractures (OTA-41C2&3) in patients older than 60 years of age. J. Orthop 

Trauma. 2003;17(5):346-352. 

 19. Mallik AR, Covall DJ, Whitelaw GP. Internal versus external fixation of 

bicondylar tibial plateau fractures. Orthop Rev. 1992;21(12):1433-1436. 

 20. Gaudinez RF, Mallik AR, Szport M. Hybrid external fixation of comminuted 

tibial plateau fractures. Clin Orthop. 1996;328:203-210. 

 21 



Podium Paper-Abstract #4799  James P. Stannard, MD 

 21. Berg EE. Comminuted tibial eminence anterior cruciate ligament avulsion 

fractures: Failure of arthroscopic treatment. Arthroscopy. 1993;9(4):446-450. 

 
 22. Mills WJ, Nork SE. Open reduction and internal fixation of high-energy tibial 

plateau fractures. Orthop Clin North Am. 2002;33(1):177-198. 

 
 23. Cole PA, Zlowodzki M, Kregor PJ. Less invasive stbilization system (LISS) for 

fractures of the proximal tibia: Indications, surgical technique and preliminary 

results of the UMC clinical trial. Injury. 2003;34:S-A16-S-A29. 

 
 24. Almekinders L, Logan T. Results following treatment of traumatic dislocations of 

the knee joint. Clin Orthop. 1992;284:203-207. 

 
 25. Frassica FJ, Sim FH, Staeheli JW, Pairolero PC. Dislocation of the knee. Clin 

Orthop. 1991;263:200-205. 

 
 26. Meyers M, Harvey JP. Traumatic dislocation of the knee joint. J Bone Joint Surg. 

1971;53-A:16-29. 

 
 27. Roman PD, Hopson CN, Zenni EJ Jr. Traumatic dislocation of the knee: a report 

of 30 cases and literature review. Orthop Rev. 1987;16(12):917-924. 

 
 28. Schenck RC. Knee dislocations. Instructional Course Lecture. American 

Academy of Orthopaedic Surgeons. 1994;43:127-136. 

 
 29. Shapiro MS, Freedman EL. Allograft reconstruction of the anterior and posterior 

cruciate ligaments after traumatic knee dislocation. Am J Sports Med. 

1995;23(5):580-587. 

 
 30. Shelbourne KD, Porter DA, Clingman JA, McCarrol JR, Rettig AC. Low velocity 

knee dislocations. Orthop Rev. 1991;20(11):995-1004. 

 22 



Podium Paper-Abstract #4799  James P. Stannard, MD 

 31. Sisto DJ, Warren RF. Complete knee dislocation. A follow-up study of operative 

treatment. Clin Orthop. 1985;198:94-101. 

 
 32. Stannard JP, Riley RS, Sheils TM, McGwin G Jr, Volgas DA. Anatomic 

reconstruciton of the posterior cruciate ligament after multiligament knee injuries: 

A combination of the tibial-inlay and two-femoral-tunnel techniques. Am J Sports 

Med. 2003;31(2):196-202. 

 
 33. Walker DN, Hardison R, Schenck RC. A baker's dozen of knee dislocations. 

American Journal of Knee Surgery. 1994;7(3):117-124. 

 
 34. Yeh WL, Tu YK, Su JY, Hsu RW. Knee dislocation: treatment of high-velocity 

knee dislocation. J Trauma. 1999;46(4):693-701. 

 
 35. Stannard, JP, Sheils TM, McGwin G, Volgas DA, Alonso JE. Use of a hinged 

external knee fixator after surgery for knee dislocation. Arthroscopy. 

2003;19(6):626-631. 

 
 36. Wiss DA. Fractures [electronic resource]. Master techniques in orthopaedic 

surgery. (on CD-ROM), Philadelphia, PA, Lippincott, Williams & Wilkins. 2000. 

 
 37. Stannard JP, Sheils TM, Lopez-Ben RR, McGwin Jr. G, Robinson JT, Volgas 

DA. Vascular injuries in knee dislocations following blunt trauma: evaluating the 

role of physical examination to determine the need for arteriography. J Bone Joint 

Surg. 2004;86-A:910-915. 

 
 38. Gustilo RB, Anderson JT. Prevention of infection in the treatment of one 

thousand and twenty-five open fractures of long bones: A retrospective and 

prospective analysis. J Bone Joint Surg (Am)  1976; 58-A: 453-458. 

 23 



Podium Paper-Abstract #4799  James P. Stannard, MD 

 39. AO Principles of Fracture Management. Rüedi TP, Murphy WM (eds.).  New 

York, Stuttgart, pp 45-58, 2000. 

 
 40. Schatzker J and McBroom R. The tibial plateau fracture. Clin Orthop  

1979;138:94. 

 
 41. Barrow BA, Fajman WA, Parker LM, Albert MJ, Drvaric DM, Hudson TM. 

Tibial plateau fractures: Evaluation with MR imaging. Radiographics 

1994;14(3):553-559. 

 
 42. Brophy DP, O’Malley M, Lui D, Denison B, Eustace S. MR imaging of tibial 

plateau fractures. Clin Radiol 1996;51(120:873-878. 

 
 43. Kode L, Lieberman JM, Motta AO, Wilber JH, Vasen A, Yagan R. Evaluation of 

tibial plateau fractures: Efficacy of MR imaging compared with CT. AJR Am J 

Roentgenol  1994;163(1):141-147. 

 
 44. Holt MD, Williams LA, Dent CM. MRI in the management of tibial plateau 

fractures. Injury 1995;26(9):595-599. 

 
 45. Shepherd L, Abdollahi K, Lee J, Vangsness CT Jr. The prevalence of soft tissue 

injuries in nonoperative tibial plateau fractures as determined by magnetic 

resonance imaging. J Orthop Trauma 2002;16(9):628-631. 

 
 46. Lansinger O, Bergman B, Korner L, Andersson GBJ. Tibial condylar fractures. J 

Bone Joint Surg 1986;68-A(1):13-19. 

 
 47. Weigel DP, Marsh JL. High-energy fractures of the tibial plateau. J Bone Joint 

Surg 2002;84-A(9):1541-1551. 

 
 

 24 



Podium Paper-Abstract #4799  James P. Stannard, MD 

 48. Duwelius PJ, Rangitsch MR, Colville MR, Woll TS. Treatment of tibial plateau 

fractures by limited internal fixation. Clin Orthop 1997;339:47-57. 

 
 49. Noyes F, Barber-Westin S. Reconstruction of the anterior and posterior cruciate 

ligaments after knee dislocation. Use of early protected post-operative motion to 

decrease arthrofibrosis. Am J Sports Med. 1997;25:769-778. 

 
 50. Richter M, Bosch U, Wippermann B, Hofman A, Krettek C. Comparison of 

surgical repair of the cruciate ligaments versus nonsurgical treatment in patients 

with traumatic knee dislocations. Am J Sports Med. 2002;30(5):718-727. 

 
 51. Cross MJ, Powell JF. Long-term followup of posterior cruciate ligament rupture: 

a study of 116 cases. Am J Sports Med. 1984;12(4):292-297. 

 
 52. Mariana PP, Santoriello P, Lannone S, Condello V, Adriani E. Comparison of 

surgical treatments for knee dislocation. Am J Knee Surg. 1999;12(4):214-221. 

 
 53. Martinek V, Steinbacher G, Friederich NF, Müeller WE. Operative treatment of 

combined anterior and posterior cruciate ligament injuries in complex knee 

trauma. Am J Knee Surg. 2000;13(2):74-82. 

 54. Stannard JP, Brown SL, Farris RC, McGwin Jr. G, Volgas DA: The posterolateral 

corner of the knee: repair versus reconstruction. Am J Sports Med. 

2005;33(6):881-888. 

 
 55. Montgomery T, Savioe F, White J, Roberts T, Hughes J. Orthopedic management 

of knee dislocations. Comparison of surgical reconstruction of surgical 

reconstruction and immobilization. Am J Knee Surg. 1995;8(3):97-103. 

 

 

 25 



Podium Paper-Abstract #4799  James P. Stannard, MD 

 

 TABLE 1.  Fracture Classification  
 

AO/OTA 
 

SCHATZKER 
 

SCHENCK 
 

41A = 0 Low-Energy (I-III) =  6  V.1   =  8 

41B = 10  IV    =  4  V.2   =  0 

41C = 20  V      =  4  V.3   =  16 

  VI    =  16  V.4   =  6 
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TABLE  2:  Ligament Examination Results 
 

 
Patient  ACL  PCL  PMC PLC  
Initials   Lachman  Pivot Post. Drawer Valgus Varus External Rotation
   

RA 0 0 0 0 0 0 
PA 1 0 0 0 0 0  
LA 0 0 0 0 0 0 
AB 0 0 0 0 1 0 
CB 0 0 0 0 0 0 
MB 0 0 0 0 0 0 
TC 0 0 0 0 0 0 
JD 0 0 0 1 0 0 
CE 0 0 0 0 2 0 
SF (R) 0 0 0 0 1 1 
SF (L) 0 0 1 0 0 0 
MF 0 0 0 0 1 0 
JG 0 0 0 0 0 0 
JH 0 0 0 0 0 0 
JRH 0 0 0 0 1 1 
CJ 0 0 0 0 1 0 
KL 0 0 2 0 0 0 
JL 0 0 0 0 0 0 
EM (R) 0 0 0 0 0 0 
EM (L) 0 0 0 0 0 0 
NM 0 0 0 0 0 1 
PP 0 0 0 0 0 0 
CP 0 0 0 1 0 0 
AS 0 0 0 0 0 0 
MS 0 0 0 0 1 0 
TT 0 0 0 0 0 0 
NT (R) 0 0 0 0 0 0 
NT (L) 0 0 0 1 1 0 
TW 0 0 0 0 0 0 
RW 0 0 0 0 0 0 
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TABLE  3: Total KT-2000 Translation  

                  Total Anterior/Posterior Translation 
Patient Ant.30 Max Post.30 Max Ant.70 Max Post.70 Max 30º Flexion 70º Flexion  
Initials Injured Uninj. Injured Uninj. Injured Uninj. Injured Uninj. Injured Uninj. Injured Uninj.

 
RA 8 11 3 4 7 8 3 2 11 15 10 10 
PA N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A 
LA 4 11 3 4 3 10 1 3 7 15 4 13 
AB 5 7 5 6 6 7 3 3 10 13 9 10 
CB 12 11 3 4 11 7 3 3 15 15 14 10 
MB 8 7 2 3 4 4 2 1 10 10 6 5 
TC 1 5 1 2 1 5 0 2 2 7 1 7 
JD 10 6 7 5 6 5 4 4 17 11 10 9 
CE 14 10 3 3 5 9 2 2 17 13 7 11 
SF (R) 17 11 4 4 12 10 4 4 17 13 7 11 
SF (L) 11 17 4 4 10 12 4 4 15 21 14 16 
MF 14 8 3 3 6 7 1 2 17 11 7 9 
JG 5 12 3 6 1 14 3 6 18 18 4 20 
JH 4 6 3 4 3 4 2 4 7 10 5 8 
JRH N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A 
CJ 10 14 4 6 12 16 2 2 14 20 14 18 
KL 6 5 10 4 2 4 9 2 16 9 11 6 
JL 3 3 4 2 5 5 2 2 7 5 7 7 
EM (R) 6 5 3 1 8 5 2 2 9 6 10 7 
EM (L) 5 6 1 3 5 8 2 2 6 9 7 10 
NM 6 5 3 3 2 4 1 1 9 8 3 5 
PP N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A 
CP 10 6 2 3 4 4 2 2 12 9 6 6 
AS 7 5 7 6 9 9 1 2 14 11 10 11 
MS 9 15 2 5 7 9 2 3 11 20 9 12 
TT 6 8 4 4 3 8 3 3 10 12 6 11 
NT (R) 8 6 5 3 11 9 3 2 13 9 14 11 
NT (L) 6 8 3 5 9 11 2 3 9 13 11 14 
TW 6 7 4 2 3 5 2 2 10 9 5 7 

11 RW 6 10 1 6 5 6 3 5 7 16 8 
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TABLE 4.  SF-36  RESULTS 

 

  
PCS 

 
MCS 

6 MONTHS 30.3 50.4 

12 MONTHS 35.7  51.1 

24 MONTHS 34.3  50.3 

FINAL 36.4  51.8 
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