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Total Knee Replacement
Dr. Abigail Hamilton 

Positioning
· Supine on regular OR bed.  
· Use “Ladder lock” knee positioner – place base of holder centered around knee
· Assess for rotation with knee flexed – if knee doesn’t stand on its own (e.g. falls out laterally) then place bump under operative hip (either folded blanket or 5 lb sandbag)
· Candy cane leg holder to hang foot 
· Place cast padding and tourniquet around proximal thigh as proximal as possible
· 1015 drape with crossed edges at end of tourniquet
· Make sure there is nothing obstructing side bars on non-operative side of table so omnitrac can be attached over drapes – (e.g. patient safety strap needs to be higher over chest)
Painting/Draping
1. Hamilton will scrub leg with chlorhexidine sponge from scrub sink
2. Avagard to leg
3. Let dry and then do surgical prep with 5 minute betadyne scrub
4. Alcohol sponges and blot dry
5. 2x chlorhexidine prep sticks – allow 3 minutes to dry
6. Use 2 half drapes applied to lower half and top half of bed
7. Blue sticky U drape in crossed fashion over 1015 drape
8. Top U drape over sticky U drape and then Top sticky bar drape passed to Anesthesia
9. Towel to hold leg and remove candy cane
10. Impermeable extremity drape to grab foot and roll up leg
11. Foot holder with towel for ladder lock foot holder and 6 inch coban to wrap extremity – wrap up leg until no less than 3cm distal to tibial tubercle – flip impermeable inside so no white areas exposed
12. Marking pen to mark out incision.  Incision extends along medial 1/3 of patella to 1cm distal and slightly medial to proximal palpated edge of tibial tubercle and 2 finger breadths proximal to patellar proximal border (3 in larger/more muscular patients)
a. Map out all four poles of patella, marking them with a dot
b. Flex leg up to 90 and make a mark 3-4 fingerbreadths above the superior pole of the patella: 2 finger breadths will be actual proximal edge of initial incision (mark with V)
c. Mark out the tibial tubercle with thumb
d. Make a line from the most superior mark through the junction of the medial 1/3 and lateral 2/3 of medial patella
e. End incision line 3cm distal to tubercle. Place V at 1cm distal to tubercle which will be actual distal end of incision
f. Straighten the leg and check to see if incision looks just as straight in extension. If it doesn’t, use varus/valgus stress to passively correct deformity and see if when knee is corrected to neutral: the incision line becomes straight (if it does, no need to fix incision line)
g. Cross hatch with long, short/short pattern for wound closure
13. Ioban drape placed vertically along posteriorly aspect of leg
14. Ioban wrap horizontally over knee
15. Hook omni-track retractor onto table on non-operative side
16. Hook up cross bar and wings of omnitrac and have pointed superiorly toward patient and out of the way.  Flex knee while placing/securing cross bar so flexion during case is not obstructed
17. Place all tubing and tube/bovie holders
TIME OUT
Esmarque/Inflate Tourniquet – 250mmHg default unless very large or hypertensive patient at baseline
Incision
1. Using 10Blade, Incise directly down to Pre-patellar bursal tissue being careful not to raise flaps and to preserve all deep tissue fat and skin
2. Obtain hemostasis in skin and subcunateous layer
3. 2 large rakes to assistant for retraction
4. Using a skin rake placed medially and retracted by assistant, tension the medial sided tissues while searching for a plane between the bursa and Tendon and when found: tease them apart developing a plane about 8mm medial to edge of patella
5. Teasing the bursae and the tendon apart will help to preserve the blood supply within the bursae and fat to your skin flap. Use electrocauatery as necessary but sparingly  
6. Proximally, the fat is thicker but underneath should be glistening white quadriceps tendon
7. Take may scissors to dissect proximally and free up any adhesions between subcutaneous fat and quadiceps facia medially and laterally and tendon central – Army navy at proximal incision aspect to help with visualization
8. Mark both the inferomedial/superomedial edges of patella with marking pen
9. Perform arthrotomy with deep #20 blade beginning proximally and extending distally. Stay in line with quad tendon fibers. Slight curve at proximal patellar pole to help line up closure and work around patella and then try and stay as straight as possible into distal tissue. 
10. A good Arthrotomy will extend through the medial anterior meniscal tissue and drop down directly onto tibial plateau in a manner that simultaneously cuts through the anterior horn of medial meniscus
Exposure of Tibial Plateau
1. Have assistant now place skin rake on medial meniscus/capsule and retract medially while externally rotating the foot at the ankle
2. Using bovie and a posteriorly directed  force with cushings, sweep the meniscus and periosteum together with superficial MCL off the tibia and develop a plane sub-periosteally toward the posteromedial corner of the tibia
3. Request a small cob and develop a rent under the MCL just within the concavity of the medial metaphyseal region using a gentle “wiggle in wiggle out” technique
4.  Once the cobb gets deep enough, you will feel the tissue slacken and  next place a bent hohman deep to superficial MCL and within the sub-periosteal rent created. 
5. Have assistant tension the bent hohman in order to place tension on the remaining tissue and meniscus that needs to be bovied
6. Continue using a sweeping motion with the bovie to clear the tissue from the medial tibial side all the way back to the posteromedial corner
7. Next, bring the leg into full extension
8. Have assistant pull the fat pad with heavy pickups away from the patellar tendon while you use a blade to remove all of the fat in one sweeping pass
9. Use bovie to resect suprapatellar synovium and expose distal femur.  T shaped motion and then curve edges distally with pulling with rongeur
10. Flex leg again up to 90, this time with patella displaced laterally off into lateral gutter.
11. Place two Z and two bent homan retractors. Swing down and lock omni-trac wings and link into retractor – 
a. 1 Z between MCL and medial femoral condyle aiming towards posteromedial tibial plateau cortex, 1 Z between lateral femoral condyle and IT band retracting the patella
b. 2 homans are placed around femur proximally deep to quadriceps retracting proximally
12.  Depending on operative plan use sharp dissection +/- electrocautery and rongeur to resect ACL vs. ACL/PCL. If resecting only ACL, using the medial wall of the lateral condyle, lever a 10blade from lateral to medial off the condyle in order to transect the ACL
13. Use rongeur to resect osteophytes – particularly femoral so cutting jigs can be placed down flush and appropriate to bone
Femur Cut
1. Choose the entry point with bovie by localizing a point inferior to Ranawat divit and just medial and 1cm proximal to insertion of PCL fibers
2. Enter with drill in very short bursts of power, using mostly axially applied pressure to find the canal
3. Use fingers placed on transepicondylar axis to ensure the drill is aimed in proper general direction
4. Ask next for IM Femoral rod and cutting jig.
5. Check to make sure jig is set to correct planned cut degree (5 for varus or neutral knees and 6 for valgus)
6. Seat the jig fully and make sure that it is well aligned with transepicondylar axis and whitesides line
7. Place 2 pins in appropriate hole (consider whether due to preop flexion contracture you may take extra distal femur)
8. Remove intra-medullary jig. Kocher to pin to hold guide steady in bone
9. Begin with saw upside down and in the middle of the jig. Eyeball if resection margin looks appropriate – in more complex deformity correction cases use resection check guide.  Want to just skim and remove trochlear groove to make flat cut
10. Have assistant with hands on Z retractors protect structures – may need straight homan placed laterally to assist with patellar retraction
11. First cut a small rent in center and then cut the middle and then the lateral bone
12. Do not press hard with the saw, allow it to work slowly through the subchondral bone
13. Lift hand to prevent placing cut in extension.  After first bone is resected, pass over with saw again to make sure cut is flat and flush with guide
14. Remove pins

Tibial Cut
1. Hyperflex the knee to 110 while assistant applies downward force on femur and posterior force on PCL retractor in order to “present” the subluxed tibia to your view.  External rotation will aid in visualization.  Long strap from onmi-track thru PCL retractor to maintain exposure. 
2. The goal at this time should be to present the entire tibial articular surface using posteromedial corner release and force of the retractors. Enough release has been performed when there is a 5mm visual gap between the medial femoral condyl and the posteromedial corner of the tibial plateau.  May use straight homan with distal end blunted laterally in place of Z retractor.
3. Take Rongeur/meniscal grabber or kocher  and grab medial meniscus and begin to tension it away from medial capsule in order to define a plane of release with the bovie – skin rake to assistant for countertension as needed
4. Begin releasing the medial meniscus from anterior to posterior continuously using the rongeur to your advantage by tensioning the tissue in the most efficient manner. 
5. As you reach the postero medial portion of medial meniscus, have assistant reposition the PCL retractor so that it sits only on the lateral condyle so as to free up any direct posterior medial meniscus
6. To take the lateral meniscus, perform the “swoop” which will simultaneously remove all meniscus and remaining fat pad in one full swoop. In a right knee, this will require a crossover technique with the rongeur hand and the bovie hand-
7. When you reach the posterolateral corner, have cushings up on field
8. Tension the meniscus away from the popliteal hiatus and immediately after taking meniscus, grab cushings and bovie the inferior lateral geniculate arteries if you note any bleeding.
9. Now identify entry point for IM tibial guide and rongeur starting point
10. Entry drill to enter IM canal – wrap hand around distal leg to orient direction for drill or place finger on tibial tubercle to orient
11. Drop IM Guide into place
12. Based on system and planned correction, bring in guide and resect appropriate margin measured from either medial or lateral tibial plateau
13. Check the flop of the stylus lock to be sure it is down and locked.
14. Place two pins at the “0” holes
15. Use alignment rod to assess the cut and place third pin if resection margin and alignment appears appropriate.
16. Begin the tibial cut by holding saw in same hand as knee you are operating on and opposite hand against the tibial shaft in the prone fashion in order that you may steady the saw with your “balance” hands radial border with two fingers placed on the prow of the saw
17. Cut tibial plateau completely for posterior stabilized knee
18. For cruciate retaining knee - Cut first a very small bite directly posterior in the middle of the jig. Next place blade at 40degree angle to tibial plateau and guide and cut in medial direction with some of blade remaining visible in front the entire time you advance. Repeat for lateral plateau
19. Once cut is thought to be complete, use “wiggle wiggle” gentle technique with saw blade to ensure cuts complete
20. For posterior stabilized knee take 3 inch flat osteotome and complete cut and lift tibial cut.  Grab with rongeur and with external rotation tension, resect with bovie.  If difficult visualization, can place cob anterior to PCL retractor and lever cut portion forward. 
21. For cruciate stabilized knee, take 1 inch osteotome and free cuts.  Protect PCL throughout removal. 
22. Remove the cross pin and tibial jig. Leave 2 parallel pins
Gap Balancing
1. Remove all retractors.  Place the knee in 90 degrees flexion and check flexion gap with spacer
2. Bring knee into full extension

3. CHECK EXTENSION GAP WITH 10MM SPACER
4. Place spacer first with slight flexion to gently place it into gap, then come into extension and push in all way
5. Things to check once spacer in: Varus/Valgus(symmetric gaping?, 2-3mm), Hyperextension?, flexion contracture?
6. Remove spacer and request lamina spreader: check that extension gap is symmetric and rectangular in appearance. Check PCL tension if appropriate
7. While knee is already in extension, inject posterior capsular and periarticular tissue with “joint cocktail”. Cut Patella next

Patella Cut
1. Ask for two towel clamps – place on patellar and quad tendon as close to patella as possible
2. Measure patella with calipers and determine planned cut
3. Make sure you appropriately clear off soft tissue to visualize.
4. 12-14mm of remaining patella after cut or at least cutting down to the level of the lateral patellar facet subchondral bone is a good general rule. Stopping resection once you see lateral facet subchondral bone ensures good fixation surface.
5. Hold patella with towel clamps in directly vertical orientation 
6. Cut in line from articular margin medially to come out to just skim cartilage off lateral border
7. With saw upside down, steady non-dominant hand with index finger behind patella to hold steady.  Rest dominant hand holding saw on non-dominant hand.
8. Very slowly cut the patella and use irrigation to prevent thermal necrosis
9. Re-measure with calipers and check for flat smooth cut – correct as needed
10. Measure for patella – going for largest fit and medialization.  If patella alta present, consider inferiorization and smaller button
11. Drill for lugs and make sure trial fits smoothly down to bone
12. With trial in place either rongeur or cut with saw planar with trial to remove excess lateral patellar bone.

      Femoral Sizing
1. Return knee to flexion ~110 degrees.  Replace omni-trac retractors
2. Mark out epicondylar axis and Whiteside’s line with bovie or marking pen
3. Using a posterior referencing sizer, make sure you have been handed the correct laterality, set to the appropriate degrees of external rotation, and place the sizer
4. Pin femoral sizing guide in place.  Make sure set appropriate external rotation. Default is 3 but increase for valgus knees.  Use posterior referenced guide and check with epicondylar axis by palpation.  Of note – valgus knees may be associated with hypoplasia of lateral femoral condyle so to get correct rotation may need to take less posterior bone off lateral condyle (hold guide 1-2 mm off bone to match epidcondylar axis and be perpendicular to whiteside’s line)
5. Size femur off anterior femoral cortex as per protocol for system
6. Place cutting jig, check anterior resection to make sure you don’t notch or don’t need to downsize with “comma guide”.  If size appropriate, pin in place and make chamfer cuts.  Again – saw on high speed and move hand slow and in line with jigs
7. While advancing the blade during the posterior cut, the blade should advance no further than bone edge.  Be thoughtful making this cut to protect neurovascular structures and popliteus tendon.  When you approach the end of the cut (estimate mentally with saw blade length), you should make very short controlled advances with the saw watching the nearly cut piece for movement when it finally loosens
8. Remove speed pins and cutting jig.  
9. ¾ inch curved osteotomy to remove bone cuts.  Save anterior chamfer for bone plug for femur – hand off to tech to make bone plug with rongeur.  
10. Palpate posteriorly for posterior femoral osteophytes or loose bodies and use osteotome and large curved curette as needed to clear posterior osteophytes and perform posterior capsular release.  Particularly in patients with preop flexion contracture, this is a critical step
11. Check gaps with lamina spreader to make sure they appear symmetric in flexion.  If necessary, may need to perform further medial release or soft tissue balancing. 
12. Place femoral trial to check for fit.  Check for correct placement and alignment with cuts to make sure trial isn’t flexed or extended
13. If posterior stabilized knee being used, make box cut and place trial for box.

Placement of tibial trial
1. Choose tibial trial based on tibial cut size.  Pick polyethylene size based on gap measurements performed thus far.
2. Taking the tray with poly in place, hyperflex the knee and push the medial side underneath the medial femoral condyle (hold in line with tibia – Do not gouge the tibia!).  Then spin hand into external rotation to seat the lateral side under the femoral trial.  You may need to have your assistant slowly extend the knee to get the trial to seat.
Assessment of Balance
1. At 90degrees: assess acl laxity (a-p translation), assess medial and lateral gaping with flexion rotation
2. At extension: assess varus valgus gaping (1-2mm/symmetric?), assess for full extension vs hyper/flex contracture
Mark tibial rotation
1. Take long alignment rod and check for limb alignment – slide up to make sure it goes over femoral head center of rotation. Slide down to make sure goes over center of distal tibia.  Set rotation in both extension and flexion checking alignment rod is centered over center of distal tibia and 2nd toe.  
2. Mark rotation of implant with bovie

Tibial Preparation
1. Bring knee into 110 degrees of flexion.  Replace Z and homan omni-trac retractors.
2. Remove tibial tray and poly trial
3. Remove femoral trial
4. Place PCL retractor.  If needed for soft bone place lap sponge over femoral cut bone to make sure you don’t damage underlying bone with forceful retraction
5. Subluxate tibia
6. Take tibial tray trial and assess for appropriate size and rotation.  Line up with previously marked rotation alignment
7. Recheck with alignment rod
8. See below but let rep know to open components as soon as tibial tray size is determined.
9. Visually check to make sure opening correct implants, side and size
10. Pin tray in place 
11. Drill and punch for tibia
12.  Observe tibial bone – if there are areas of sclerosis, plan for drilling of this area with “biomet” drill bit to help with cement interdigitation

Final Component Placement
1. Of note, as soon as final sizing is determined rep will be working to open components with circulating nurse to have them ready for cementing at completion of tibial preparation
2. Make sure the femur is loaded appropriately on femoral impactor, tibial component and inserter, patella and patellar clamp are available on mayo stand
3. Should have two sharp freer/elevators and Atsin pick-ups available
4. Change out suction tip to a metal tip suction 
5. Have clean lap sponges available
6. Once this is noted – have tech begin cement mixing.  30 seconds for HV cement
7. While they are mixing, take pulse-a-vac and clean tibial and femoral bone
8. Suction tibia dry with metal tip sucker
9. Blot with lap sponge if appropriate
10. Will take cement on paddle after mixing and spread over tibial cut.  Pressurize into canal or drilled areas of tibial with thumb pressure
11. Take tibial component and have tech or yourself wrap cement around keel of component
12. Insert with digital pressure as far as possible and then take tibial impactor and mallet
13. Impact and remove cement with elevators.  Make sure you have good posterior visualization
14. Then turn attention toward femur.  Remove PCL retractor and push tibia posterior.
15. Clean femur again with Pulse-a-vac.  Dry with suction and sponge
16. Take “hot dog” or “rolled cigar” of cement prepared by tech and wrap along distal/anterior femur
17. Take femoral component with cement of posterior feet with just enough to fill space but not cause extension off of component to minimize risk of posterior cement escape
18. Mallet femoral component into place
19. Take off of primary femoral inserter
20. Remove excess cement
21. Take secondary femoral inserter and impact until completely down to bone
22. Take care to remove any excess cement
23. Irrigate tibial tray and suction
24. Take final polyethlene and insertion gun and insert
25. Bring leg into full extension and apply forceful down pressure on tibia and axial pressure on leg for final seating of components
26. Check and remove any excess cement
27. Evert patella and clean with pulsavac
28. Dry with suction and lap
29. Take cement and pressurize manually into lug holes
30. Have some excess cement on patella but clearly visualize plugs sites for implanting
31. Take Patellar component with “nickel sized” amount of cement on back of patella
32. Insert and clamp
33. Bring leg back into full extension and place axial pressure and downward pressure on tibia while cement hardens
34. During cement hardening will soak joint x 3 minutes with irricept solution
35. Suction joint and re-pulsavac
36. Once cement hardens, deflate tourniquet.  Have anesthesia re-dose TXA as soon as tourniquet deflates.
37. Obtain appropriate hemostasis with bovie
38. Sprinkle 1 gram of vancomycin intra-articularly and in subcutaneous tissues
Closure
1. Place knee in about 70 degrees of flexion.  If wants to roll out of not stay stable, can stabilize laterally with wing of omni-trac retractor
2. First place figure of 8 suture at slightly curved incision at superior pole of patella to set closure approximation properly
3. Close arthrotomy with interrupted figure of 8 #1 vicryl pop-offs
4. Recheck for appropriate hemostasis of subcutaneous tissues
5. Close deeper  later with running 0 vicryl suture (un-dyed)
6. Close subcutaneous layer with interrupted 2-0 vicryl sutures
7. Skin is closed with running 3-0 monocryl

Dressings:
1. Dressing with either pirneo and dermabond or steri-strips cut in 1/3rds and aquacel dressing.  If using aquacel, place while knee is 90 degrees flexed and do not pull tension on edges to prevent skin irritation and possibly blistering
2. Cast padding and double 6 inch ACE bandage.  Do not pull tension on ACE bandage to prevent blistering.  
3. Extension bone foam will be placed in PACU or on floor
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