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Dr. Boyd’s Suggestions for improved results with Best Practices Protocol (BPP)
For more information on the document enclosed, please review on Invisalign’s website under Aligntech Institute:

1. “Ask the Expert” lecture by Dr. Rene Sterental from January 2008 “Introducing Improved Setup Protocols”

2. “Ask the Expert” by Dr Bob Boyd on “Staging Strategies…” 8-29-08

3.   “Ask the Expert” by Dr Bob Boyd on “Increasing Predictability for Invisalign  Treatment” from 6-29-07

4. In the Continuing Education section: “Overview of setup Protocol Improvements” and “Protocol Matrix”

5. Review recent publication available “Periodontal and Restorative Considerations with Invisalign to Establish a More Favorable Restorative Environment” Compendium   30:1-10, June 2009
6. Review “Esthetic Orthodontic Treatment Using the Invisalign Appliance…” Journal of Dental Education 72:948-967, 2008
     (reps also have these articles # 5 and 6)
* These ideas are only Dr Boyd’s ideas for Invisalign and not company policy unless otherwise stated below. If you wish to employ any of my ideas indicated at the * ,  you must manually add any of the ideas described below to your preferences and then check to be sure they are done with each ClinCheck.

* Make sure all ClinChecks use the BPP (put in preferences)

1.  Avoiding IPR in the first two stages and placing attachments at aligner 3 makes entry into treatment easier for the patient.  These procedures can also be done at the second visit.  Tooth whitening should be part of the first 1-2 aligners before attachments are placed.  Use 15% carbamide peroxide for patients with a history of dentinal sensitivity for 1 hour time.  Use 30% for ½ hour time for other patients.  Bleaching allows a lighter shade of composite to be used which makes attachments less visible (Discus Dental.com is a good location to purchase these). I also give them a tube of Crest ProHealth toothpaste which is a new toothpaste which has a strong dentinal sensitivity reduction component for bleaching sensitivity.
* add to preferences to avoid IPR and placing attachments in 1st 2 stages
2. Use Invisalign software to its full advantage:  It is very important to use the superimposition tool to track position of teeth.  This tool can serve as a reliable method to predict the feasibility of the ENTIRE treatment sequence in the initial ClinCheck before any treatment is done.  With the superimposition tool you can check your esthetic goals (midlines, vertical position of gingival marginal tissue, width of buccal corridors, etc) to determine if final tooth positions places the teeth in harmony with your esthetic goals. 
3. Use the staging editor of the new 2.5 software to make sure simultaneous movements are occurring for all teeth throughout treatment.  The tooth with the greatest amount of movement at a given velocity determines the total number of stages (the deciding tooth).
4. Minimizing IPR: For teeth with normal clinical crown lengths, expanding narrow arches up to 4-6 mm can minimize or eliminate IPR and generally the broader arch form is more esthetic in the full frontal smile as bucal corridors are minimized. Expanding will usually retract incisors if no crowding is present to be sure you check the result with the ClinCheck superimposition tool to see if that is desired for your esthetic goals for the smile. 

* add wide, broad arches and expansion to your preferences

When IPR is necessary, mark the IPR form sent with the aligners in the aligner box with a √ mark and a date after completing each required portion of the IPR.  Then whenever new aligners are dispensed the doctor and assistants can check to see if the full amount of IPR has been done.

You should defer IPR whenever possible until the teeth are in initial alignment to avoid doing IPR in significantly overlapped teeth as you may over-reduce these teeth because of the difficult angle for access needed to do the IPR.
5. Expansion should be avoided when periodontal tissues are thin and long clinical crowns with gingival recession are present.  If treatment is initiated in these areas, clinical crowns may lengthen and gingival grafting may be necessary.  Avoid a “round trip” of flaring, doing IPR and then retracting anterior teeth in these cases.  Doing IPR earlier in treatment will lessen expansion may minimize these crowns from having gingival recession occur and will also lessen “black triangles” which are more likely to happen in thin tissue and long clinical crowns.

6. For retention of the aligners in general (when not using other vertical rectangular attachments in the same quadrant which makes the other retention attachments unnecessary), one horizontal beveled attachment per quadrant (which is now the default standard attachment for retention). One of these attachments has better retention than 2 ellipsoid or 2 round attachments.

7. Overcorrection of posterior expansion and /or constriction for correction of crossbites is useful because generally, the aligner only delivers approximately 75% of the expansion or constriction necessary to perform the correction.  However, anterior cross bites are usually not overcorrected.  Cross bite corrections are facilitated by the disarticulation of the teeth and smooth surfaces present between the arches with aligners present. 

* add to preferences 2mm of overcorrection on posterior cross bite correction.
8. Visible Spaces: This new BPP generally provides approx. 0.05 mm space between teeth that are moving past each other, as in rotation, extrusion or intrusion. If any space remains at the end of active Tx, a virtual c-chain is used to close this space. But you should also check contacts to see if they are not tight with floss on all teeth moving past another tooth as with a rotation and especially for an extrusion. Patients should be told to floss however and bring to your attention any tight contacts that may occur during treatment especially on the main teeth that are moving. This feature does not work  as well when IPR is done as this is another variable  introduced and closer monitoring of patient’s contacts is necessary, If you do all the IPR at one visit after teeth are aligned and measure it with the gages, you are more likely to not have problems with tight contacts.

9. Rotations: All rotations of all teeth are bodily movements as the entire tooth is moving against the entire alveolar bone at one time.  All rotations should be slowed down to approximately one degree per stage velocity for the tooth requiring the most rotation.  This feature is now available for preferences for ClinChecks. To check to see if this is done, the doctor should estimate the degrees of rotation of the most rotated teeth and then estimate if the threshold of 1 degree per stage is achieved. Rotations of canines, premolars or narrow or severely rotated lateral incisors should also have the 1 mm thick vertical rectangular attachments. The BPP now sizes attachments according to the crown length.
* add to preferences to not exceed 1 degree of rotation for the tooth having the most rotation
Special precautions are needed for patients to remove these attachments. (See # 22). 
 It is important to place these attachments parallel for easier aligner removal. This may require the movement of vertical rectangular attachments during treatment.

  It is also very important that the attachment stays fully engaged in the aligner reservoir. If engagement is beginning to slip, check for a tight contact and compliance.  If there is no problem with compliance or contacts, go to extended wear until aligner fits or revert back one aligner until attachment becomes fully engaged. Do not go forward in treatment if the aligner is not fitting! This is the most common mistake I have seen during Invisalign treatment.
10. Root torque:  For torquing roots, 1 degree per stage maximum velocity is my own recommendation with use of horizontal beveled attachments placed in the incisal 1/3 rd for when greater than 10 degrees of torque are needed or if significant overjet is present and bite forced will not be present to keep the aligner seated. If all four upper incisors need lingual root movement (torque), you only need to add these horizontal beveled attachments to the laterals in the incisal 1/3rd. But the best solution for getting torque is to use Invisalign Teen which has power ridges to apply torque to the upper incisors. Recent in hose studies from Align have shown that the power ridges can torque teeth at 1 degree per stage with no attachments and get about the same torque (60 to 70% as with attachments.

* place in preferences to insure that not more than 1° per stage or root torque is not exceeded
11. Lingually placed attachments:  Lingual attachments are really not necessary when vertical 5 X 1 X 2 attachments are used on the buccal for rotations or extraction space closure.  However, if a patient does not want to show the attachments, they can be placed on the lingual surfaces of canines or premolars if the occlusion permits. However, the lingual surfaces are frequently shorter inciso-gingivally and they are more likely to be occlusal interferences and break off as maintaining dryness during bonding is difficult. (See #22 for removal instructions). I generally avoid placing lingual attachments. 

12. Deep bite correction is usually corrected (do not use the term on the Rx of "overcorrection" as this means that there will be only 3 stages at the end of treatment for this to occur so it is better to say "corrected to...") 1 mm, as this correction is typically only about 80% achieved.  Correction of a deep overbite is generally done by lower anterior intrusion by primarily leveling the lower Curve of Spee. Significant upper incisor intrusion is usually avoided as it can decrease the amount of incisor display in a full smile.  Thus, correction of deep overbite usually involves an en-masse intrusion of all lower anterior teeth (and frequently first premolars) simultaneously as a continuous process.  The current default position is to have one beveled horizontal attachment placed each of the first premolars for retention for this type of intrusion to correct a deep bite.  In my opinion, overcorrection of the overbite is necessary because the aligners are not stiff enough to deliver all of the needed flattening of the lower curve of Spee.  Generally id you are intruding one or two teeth the teeth on either side of the teeth being intruded should have Horiz. Beveled attachments. 

* set your preferences to indicate correction to a 1 mm overbite in an initial 60 to 100% deep bite

13. Extrusion:  Extrusion is no longer necessary to do at the end of treatment because it is more predictable with this new protocol.  The key to the better success today with the BPP has been to slow down extrusion to half of the 0.25 mm standard velocity to 0.12 mm per stage and use horizontal beveled attachments for all teeth that are extruding while the BPP maintains light interproximal contacts during the movement.  You can measure the amount of extrusion with the grid tool and make sure the tooth with the most extrusion is not exceeding half of the standard speed of tooth movement. The attachments are now placed in the coronal 1/3 for extrusion as the fit of the attachment is poorest in the gingival 1/3 rd. 

*If other movements like rotation or tipping are also occurring when extrusion is occurring, the extrusion component will be more likely to occur as the teeth have an extrusive component since the center of resistance for tooth movement is about halfway down the root which means that there is also an extrusive component vector of force that tends to cause the tooth to extrude. This is called relative extrusion as opposed to absolute extrusion where the tooth is only extruding with no other movements occurring and generally harder to track correctly.
      No need to add this to preferences as this is the current protocol.
14. When teeth are slowly extruded, the gingival tissues generally move with the tooth for 1 to 2 mm total movements.  When intruded, the gingiva generally, but not always, is intruded with the tooth.  Evaluation for surgical lengthening of crowns may be necessary after Invisalign is used to intrude teeth as the gingival tissue height may move coronally, especially in teenage patients where hyperplastic gingival tissue is more of an issue that with adults.

15. It is an individual preference as to where upper lateral incisal edges are in relation to central incisal edges.  The default setting is usually .5 mm, but this is up to the individual doctor. 

* add choice to preferences

16. Class II correction:  The standard approach has been to use distalization of second molars, then first molars and second pre-molars and then first premolars and canines with a default velocity of .33 mm per stage for end-on class II occlusions. These treatments require many stages (usually more than 45). There is not enough anchorage gained by just using the teeth for this to occur so most of these cases ended up as partially corrected class II corrections unless Class II elastics were also used during treatment. Now with the BPP “en masse” or “surgical simulation” movement of the entire arch can be used with class II elastics as an option (Option # 7 on the Rx form). With en masse movement, class II elastics are used from buttons placed on the teeth at the gingival one third of the tooth (cut back aligners at the gingival level for space for the buttons). Whichever method is selected, the main point is for the doctor to check at each visit the current A-P occlusal relationship in centric relation to determine the need for class II elastics. It is also preferable to start using the Class II elastics as early in treatment as possible when cooperation is more likely.

It is also possible (but long treatment times of more than 2 yrs needed) to correct a full molar width Class II relationship by using the standard distalization protocol (0.33 mm per stage) but it would be necessary to use Class II elastics for the majority of treatment.  Stability of these corrections is unknown.

 Consider using the first pre-molars for Class II elastics so that better control of canine position or movement is maintained (more surface of the canine is covered), and better esthetics is achieved as the elastic is less visible. It is also possible to use the lower second molar for the metal button and the upper second premolar for the clear button to show the elastics even less. 

To order a Class II “en mass” correction with Invisalign,  check the aligner prescription at #7, mark “change A-P position” for canines and molars (unless upper 1st premolars are missing).  Then, check the last line in #7 which is “pre-surgical case” for a “lower” arch movement.  The technician will move the lower arch forward to correct the overjet and the midlines.  Be sure to check for proper torque of incisors after this movement as you may need to add torque (at a maximum velocity of 1degree/stage).  In summary, it is possible to do an end-on Class II correction with Invisalign just as you would do with fixed appliances by first leveling, aligning and coordinating the arches, followed by Class II interarch correction with Class II elastics to the teeth. The advantage with Invisalign in this regard is that Class II correction with elastics can be started as soon as there is some overjet which is typically earlier than with fixed appliances when you must wait until heavier archwires are used. Aligners act as base arches for this treatment and MUST be worn at all times when elastics are used.

It is helpful when planning treatment which has a “surgical simulation” movement to write down as a treatment alert when the approximate stage is that Class II elastics will start and the type and location of buttons and elastics on the IPR form or as a computer driven alert.
17. Class III corrections:  This interarch movement is done just as was suggested for Class II movements except the elastics are placed from upper first (or second) molars to lower first premolars with the button bonded again bonded to the teeth. The “pre-surgical case” movement is also used to test the final occlusion and midline correction initially before approving ClinCheck as with the Class II correction.

18. Midline corrections:  For significant midline corrections (less than 1mm can frequently be corrected with selective IPR), you also use the #7 “pre-surgical case” tool in the Invisalign Rx to rotate the arches until the midlines are on.  Then, the posterior occlusion should be checked for proper interocclusal relationships.  Use a combination of Class II and III elastics as described above for this interarch movement.

19. Molar uprighting:  5 X 1 X 2 mm attachments are useful for molar uprighting (two on buccal) as long as the movement  only involves the crown being tipped distally.  Root uprighting without crown movement is not predictable with Invisalign.  Generally, paralleling roots for implants/bridges should be avoided with Invisalign if the desired tooth movement is only root movement and no crown movement.  Thus fixed appliances may be required if the desired root separation is not achieved.  Avoid virtual pontics in this case as it makes the mesial fit of the aligner less conforming to the shape of the molar.

20. Other attachments such as “T” shaped or other designs are no longer available. Align does not allow custom fabrication of attachments.

21. Retention options. For most patients, 5 to 6 months of full-time wear of clear retainers is necessary to initially stabilize the teeth. Then these retainers are worn during sleep time indefinitely. Some patients may only need a few days a week of retainer wear after a year or so of nighttime wear but most will require that retainers are worn most nights for the rest of their lives.  

Generally, when patients are given a choice between lessening relapse using the fiberotomy or frenectomy if nighttime retention is not sufficient to maintain the correction, they usually prefer to have a fixed lingual retainer bonded to each tooth in the anterior segment as that works all the time. This should be presented as an additional fee in the treatment and discussed before treatment begins. However, hygienists prefer to have patients use aligners for nighttime retention instead of bonded fixed retainers as the teeth are easier to clean. Patients should also understand that there are other advantages of minimizing tooth wear and ability to bleach teeth present when clear retainers are used for long-term retention. Align now has just introduced a special new program where 4 sets of clear retainers can be purchased for a $275 cost (Vivera) . In my experience, Invisalign retainers are more resistant to tears and wear than any other types of clear 0.40 material available today. I even use Vivera retainers for my fixed appliance patients and for patients that I used to make night guards for as they last so much longer than standard materials used for clear retainers.

A slight posterior open bite (0.5 to 1.0 mm) between the molars may occur after treatment. This may occur because of the slight intrusion of the posterior teeth when the interocclusal distance is increased as a patient starts to wear aligners full time after about 2 weeks of wear. This posterior open bite will normally close in 5 to 8 weeks on its own after treatment when the patient starts to wears the retainers at sleeping time only. If the open bite persists (or a more rapid closure is desired), cut the aligners distal to the first premolar and let the occlusion settle into a better interocclusal relationship. If upper expansion was done, then only the lower posterior portion of the aligner should be cut distal to the first premolars to prevent the upper arch from narrowing during retention. Always check the occlusion to be sure all teeth are contacting after 3 months of nighttime wear of retainers with articulating paper and equilibrate as necessary for a simultaneous contact of all teeth in maximum intercuspation. 

22. Removing aligners with vertical rectangular attachments (either 3,  4 or 5 x 1 x 2
mm).  The new horizontal beveled attachments used for retention, torquing roots and extrusion are not especially hard for the patient to remove aligners. However, the new  vertical  rectangular attachments which have a 1 mm bucal-lingual thickness are much more difficult to remove.  
Suggestions for easier aligner removal with these rectangular attachments are:

a. Place attachments at the second or third aligner (making sure the
first aligners do not require them for movement), to let the patient get
used to first just removing aligners. As previously mentioned, this is a good time for bleaching as no attachments are present.
b. In Clincheck, make sure that if more than one vertical attachment is
used in the same quadrant that the teeth are almost parallel.  If they are not parallel, then the aligners will be almost impossible to remove. If the ClinCheck shows non-parallel attachments, try first moving the attachment to a parallel position. In a case that has severely tipped and +rotated teeth you could solve this by first tipping the teeth until they are almost upright and then place the vertical rectangular attachment at that particular stage where the long axis of the teeth are more parallel. If extrusion is needed during the tipping, use a beveled attachment until ready for the vertical rectangular attachment which is needed for the rotation.

c. Have the patient change to the next aligner at night before going to bed to maximize the time they wear the first one before changing it. This is because the aligner relaxes and forces decrease considerably in the first 8 to 12 hours of wear. With multiple rectangular attachments in one quadrant, you should ask the patient if it is possible for them to keep the aligner on all the time after you deliver it until the next morning. The patient can also use the template that day until they are ready to give a full 8 to12 hours to the wear of the new aligner that evening.

d. Consider cutting away the undercut area gingival to the attachment for the first two aligners with these rectangular attachments as the patient will have an easier time removing them initially.  NEVER round off or cut back the attachments as that will lose the mechanical advantage of tight adaptation of the attachment to the recess in the aligner for rotation control.

e. Look for the part of the aligner that offers the easiest way to
initiate removing it. For example, using the opposite side which has no vertical rectangular attachment can be helpful. Also, starting in the posterior where the tooth is the most convex (palatal on upper and bucal on lower) helps.

23. Checking aligner fit: A good way to check aligner fit is to turn the aligner over to show the occlusal surfaces of the teeth and compare the degree of rotation of the actual teeth with the aligner. If the tooth is underrotated, check for a tight contact with floss and IPR with a lightening strip if the contact “pops” the floss to be sure you maintain the “visible space” needed for the movement. Make sure when doing this evaluation that the aligner has been worn for a full 2 weeks. Slightly under rotated teeth are an earlier warning sign of teeth not tracking which seems more sensitive than space between the aligner and the tooth.  In addition to IPR, if the tooth is not as rotated in the mouth as in the aligner, you can also “dimple” the aligner with the dimple pliers, to help the movement and have the patient wear that same aligner for an additional two weeks.

24. Lower incisor extraction cases:  Even if you are pretty sure you need to extract a lower incisor for crowding, you should try a non-extraction set up (with or without expansion or IPR as necessary) first to be sure a non-extract approach is out of the question.  Patients appreciate seeing a ClinCheck where the doctor has explored all non-extraction options.

25. Premolar extractions:  The key is that you must present the strong possibility that fixed appliances may be also needed to finish the root parallelism in the extraction site in the upper arch. Lower premolar extraction cases almost always require fixed appliances to parallel roots. To decrease the amount of tipping of crowns into extraction sites, the default protocol in the BPP is to place one 3, 4 or 5x1x2mm attachment on the buccal for teeth facing the extraction sites and molars. I believe you should also use 2 of these attachments on the buccal of each first and second molars and slow down movements into the extraction site to half speed or 0.12mm per stage.  Do not use a virtual pontic, as this makes the fit of the aligner worse at the interproximal surfaces of teeth facing the extraction site. If an attachment in an extraction case is broken off, the patient must come in to have the attachment replaced before changing to the next aligner or the tooth will tip.
* place in preferences that for premolar extractions no pontics are needed, two attachments on the buccal are needed for molars and that half speed (0.12 mm per stage). But check this in ClinCheck and request to slow down by requesting more stages if this velocity is exceeded.
Summary:
The new BPP is in my opinion a huge step forward in making Invisalign more predictable through simultaneous movement and  by insuring space is present between teeth that are moving past each other. In addition, the use of vertical rectangular attachments and horizontal beveled attachments appear to offer better control for difficult movements such as rotations and extrusions. Also, by checking the 1st ClinCheck for teeth that may be moving faster than 1 degree per stage for rotations and 0.12 mm per stage for extrusions or extraction space closure and then asking for more stages if these velocities are exceeded helps to make treatment more predictable. 
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