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This case demonstrates how preoperative diagnosis and 
planning strategies were used to achieve a predictable 
restorative result in one visit for a patient who traveled 
several hundred miles for her care. Prior to her visit and 
treatment, a review of her dental records uncovered a 

potential complication of inadequate interocclusal space for the fi-
nal planned restorations. So a treatment plan for two screw-retained 
implant-supported abutment/crowns was developed prior to the 
patient’s visit. During digital scanning, it became apparent that the 
alternative, which was a more comprehensive treatment plan, was 
needed to provide the final treatment in one visit. Utilizing digital 
technology, a chairside-fabricated anterior deprogramming jig, and 
sound functional concepts, a team of three—one dentist (NH) who 
did the treatment planning and provided chairside and digital treat-
ment, another dentist (SA) who aided in the digital workflow, and a 
Patterson Dental specialist who assisted in digital design and labo-
ratory support—worked together to increase the patient’s occlusal 
vertical dimension (OVD) and thereby gain sufficient clearance to 
successfully restore the patient’s mandibular arch. 

Clinical Case Overview
A 59-year-old recently retired patient (Figure 1) asked the treating 
dentist for care and would be traveling nearly 360 miles for her 
clinical evaluation and treatment. Previous to this request, her 
maxillary arch had been restored in 2012. The patient was function-
ing with an acrylic screw-retained provisional on implant Nos. 30 
and 31 (5.0 NobelReplace Select™, Nobel Biocare, nobelbiocare.
com) and was “tired of chewing on plastic,” she said. Given that the 
patient lived far, the dental team planned to use digital scanning 

and in-office milling to create and deliver restorations for teeth 
Nos. 30 and 31 in one visit. 

Records from her local surgeon and dentist were requested. 
Radiographic review (Figure 2) and emails from her regular dentist 
prompted concern about a lack of adequate interocclusal space for 
final restorations. Due to limited space, screw-retained abutment/
crowns were planned. 

Diagnosis
Medical History
The patient was a healthy 59-year-old female, who reported having 
had a successful hip replacement surgery in 2011 and a history of 
annual physicals. Her current medications were Synthroid (levo-
thyroxine sodium tablets) and estradiol, a form of estrogen. Her 
American Society of Anesthesiology classification was 2, due to 
hypothyroidism. This indicated she had mild systemic disease with 
no functional limitation. 

Dental History
The patient listed her oral health as good, and she had been receiving 
regular care by her local dentist for the past 4 years with no reported 
dental anxiety. Slight gingival recession was present, and she reported 
a family history of periodontal disease. The patient frequently had 
food caught between her teeth and had a history of broken teeth. She 
stated that her lower anterior teeth had become more worn in the last 
5 years. She was a gum chewer and had been given a nightguard more 
than 6 years ago because her dentist thought she had nighttime brux-
ism. She had worn the appliance briefly, but ceased. She expressed 
pleasure with her smile from the 2012 maxillary restoration. She was 
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aware of the darker shade of the lower teeth and crowns, but improv-
ing this appearance was not her immediate priority.

Diagnosis, Risk Assessment, and Prognosis
Periodontal: Generalized horizontal bone loss less than 3 mm was 
noted, except for teeth Nos. 14 and 15, which had isolated infrabony 
defects and 5-mm probing depths. She had minimal bleeding on 
probing. Her periodontal diagnosis was generalized type AAP II, 
localized AAP III.
Risk: Medium
Prognosis: Generalized good with a fair prognosis for the upper 
left molars

Biomechanical: The patient had an extensive history of restorative 
dentistry and a period of high caries susceptibility as a young adult 
(Figure 3). Except for teeth Nos. 23 to 26, all remaining teeth were 
structurally compromised. Tooth loss, except for the third molars and 
first bicuspids, was for biomechanical reasons. The maxillary arch had 
been restored in 2012, and a healing cap was in place on the implant re-
placing tooth No. 13. On the mandibular arch, a screw-retained acrylic 
provisional on implant Nos. 30 and 31 (Figure 4), cemented crowns on 
implant abutments for teeth Nos. 18, 19, and 20, and porcelain-fused-
to-metal crowns on teeth Nos. 22 and 29 were present. The restora-
tions on teeth Nos. 18, 22, and 29 were defective, and those on teeth 
Nos. 25 and 27 were questionable. Erosion was noted on tooth No. 24. 
Risk: High
Prognosis: Poor for teeth Nos. 2, 14, 15, 18, 22, 27, and 29. Fair for 
teeth Nos. 23 to 26. 

Functional: The patient said she had perceived her lower ante-
rior teeth had changed in the last 5 years, but a photograph from 
2008 showed minimal alteration (Figure 5). Minimal incisal tooth 
structure loss on teeth Nos. 23 to 27 was suspected to be initially 
extrinsic erosion and secondarily from normal attrition. The acrylic 
screw-retained provisional restoration on implant Nos. 30 and 31 
was thin; no information was available on the original design and 
contour. She reported no difficulties in chewing and no temporo-
mandibular symptoms. The load and immobilization test findings 
were negative, and she had a normal range of motion. The func-
tional diagnosis was acceptable function. 
Risk: Low
Prognosis: Generalized good with poor prognosis for the provi-
sional restoration

Dentofacial: The patient exhibited high maxillary lip dynamics. The 
mandibular lip dynamics were medium, and dark lower teeth and res-
torations were present. The vertical height of the posterior mandibu-
lar occlusal plane was lower than that of the mandibular anterior teeth 
(Figure 6). If additional interocclusal space was needed to restore the 
lower right implants, increasing the OVD by expanding the height 
of the mandibular posterior teeth would be acceptable esthetically. 
Risk: Maxillary high, mandibular medium
Prognosis: Maxillary good, mandibular poor due to darker shade 

Treatment Plan
The plan was to remove the provisional restoration on implant 
Nos. 30 and 31, and then design and fabricate two restorations. 

Fig 2. 

Fig 4. Fig 5. Fig 6. 

Fig 3. Fig 1. 

Fig 1. The patient as she presented at the initial examination. Fig 2. Radiograph of the provisional on implant Nos. 30 and 31. Fig 3. A preopera-
tive panorex scan taken with the maxillary provisionals in place. Note the heavily restored dentition. Fig 4. A preoperative occlusal view of the 
mandibular arch, revealing broken porcelain and thin acrylic on the lower right. Fig 5. The mandibular incisors from 2008 showed minimal change 
in attrition. Fig 6. A preoperative view revealed the low mandibular posterior occlusal plane.
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Then the dental team would deliver the fabricated screw-retained 
abutment/crowns on implant Nos. 30 and 31 at the current OVD in 
one visit. If a change in OVD was necessary, the team would utilize 
a chairside anterior deprogramming jig to locate the jaw-relation 
position and OVD.1 The jig would remain in place throughout most 
of the appointment, ensuring the correct OVD and jaw-relation 
position were maintained.2

If the OVD needed to be changed, milled e.max® (Ivoclar Vivadent, 
ivoclarvivadent.com) porcelain crowns for teeth Nos. 18 to 20 and 
teeth Nos. 22 and 29 would be required. For an efficient workflow, 
teeth Nos. 18 to 20 would be restored first because completing the 
cemented restorations would require fewer steps than the screw-
retained hybrid abutment crowns on teeth Nos. 30 and 31.3

Treatment Sequence
Stage 1
The treatment began with taking preoperative photographs and 
performing a clinical examination. Following removal of the lower 
right provisional and placement of the scan posts (Dentsply Sirona, 
sironausa.com) and scan bodies (Dentsply Sirona) (Figure 7), a 
digital impression was taken of each arch and a buccal bite regis-
tration. During the CEREC™ (Dentsply Sirona) computer-aided 
design process, the team realized insufficient interocclusal space 
existed to create hybrid abutment crowns (Figure 8). Removal of 
porcelain from the opposing arch was not an option. The decision 

Fig 7. The scan posts and scan bodies in place on the abutments for implant Nos. 30 and 31. Fig 8. The area in red revealed the amount of space 
that was lacking for proper restorative contour. Fig 9. After the removal of the lower left crowns with the direct deprogrammer in place. Fig 10. 
The milled crowns for the lower left.

was made to gain space by increasing the OVD, employing the re-
vised treatment plan. The implant-supported provisional was then 
hand torqued back onto implant Nos. 30 and 31 to prevent tissue 
collapse during treatment. 

An anterior deprogramming jig was fabricated for use between 
the lower central incisors to function as a direct deprogrammer. 
The jig design incorporated the principles of an indirect Kois 
deprogrammer, with a flat 3-mm-wide platform to determine the 
orthopedic position of the mandible at the desired new OVD. IPS 
Empress® Direct composite (Ivoclar Vivadent) was used chairside 
to create the jig utilizing traditional bonding protocol. On clos-
ing, the patient quickly established a single, reproducible point of 
contact on the platform, with no slide or deviation. This position 
remained comfortable throughout the procedure with no tender-
ness in her jaw muscles or joint.

Stage 2
Stage 2 was creation of the implant abutment-supported cemented 
crowns for teeth Nos. 18 to 20.4 The existing crowns were removed, 
using an electric handpiece, and the tissue was retracted with No. 
00 and No. 2 retraction cords to access and take images of the exist-
ing abutment margins (Figure 9). The CEREC Omnicam (Dentsply 
Sirona) camera was used for digital impressions of the upper and 
lower left quadrants and a buccal bite registration while the jig 
provided a stable stop at the desired OVD. 

Fig 7. 

Fig 9. 

Fig 8. 

Fig 10. 
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Fig 11. The scan posts in place on the lower right. Fig 12. A radiograph 
confirming proper fit and seating of the final restorations on the 
lower right. 

Fig 12. Fig 11. 

Fig 12. 

Crowns were designed using the CEREC acquisition unit and 
e.max crowns milled with the CEREC MC XL (Dentsply Sirona) 
in-office milling machine. The milled crowns (Figure 10) in the 
noncrystallized blue state were tried in; contacts and occlusion were 
checked and adjusted as needed. Next, appropriate stains were ap-
plied to the noncrystallized crowns to match existing restorations, 
followed by an even covering layer of spray glaze prior to crystal-
lization in the Programat oven (Ivoclar Vivadent), which allowed 
glazing and crystallization to occur simultaneously. The 15-minute 
process in the oven induces the proper shade and significantly in-
creases the restoration’s flexural strength5 from 360 MPa to 400 
MPa. Compared with other monolithic ceramics used for chairside 
computer-aided design and computer-aided manufacturing-fabri-
cated restorations, this is nearly 2.5 times the flexural strength.6 

Following 5 minutes of cooling, the crowns were steam cleaned; 
tried in to confirm proper fit, function, and esthetics; and cement-
ed onto the existing implant abutments with Premier® Implant 
Cement™ (Premier, premusa.com) providing for retrievability. 
The Multilink® Cement (Ivoclar Vivadent) was used to adhere the 
implant-supported crowns to the TiBase (Dentsply Sirona) for 
the screw-retained hybrid crowns on implant Nos. 30 and 31. The 
crowns on teeth Nos. 18 to 20 were not hybrid crowns, but rather 
cementable crowns onto implant abutments that were already in 
the mouth and were not replaced. Removal of excess cement and 
occlusal evaluation with 25-µm articulating paper was done to 
verify equal-intensity contact on teeth Nos. 18 to 20 coincident 
with contact on the anterior deprogramming jig. Proper, stable 
occlusion at the correct OVD was now established on the left side. 

Stage 3
Stage 3 involved screw-retained implant-supported abutment/
crowns on implant Nos. 30 and 31 with an e.max crown on tooth 
No. 29.7 The provisional restoration on implant Nos. 30 and 31 was 
removed and images of the soft tissue coronal to the implants were 
taken to capture the contours for designing the proper emergence 
profile of the final restorations. Two scan posts were placed into the 
implants, and full seating was confirmed radiographically (Figure 
11). An appropriate scan body was seated over the scan post specific 
to the implant system and diameter, to digitally transfer the exact 
position of the hex on the integrated implant. Tooth No. 29 was 
prepared according to biomechanical principles and tissue packed 
with No. 00 and No. 2 retraction cords.

Similarly to the left side, an upper- and lower-right quadrant digi-
tal impression and a buccal bite registration were taken. e.max resto-
rations for teeth Nos. 29 to 31 were digitally designed. The emergence 
profile for the implant abutments was designed with the soft-tissue 
scan taken prior to the placement of scan bodies.

Once milled, the fit of the two implant-supported restorations 
on the TiBase was confirmed. After oven crystallization and cool-
ing, the implant-supported crowns were adhered to the TiBase 
with Multilink hybrid cement and hand torqued into implant teeth 
Nos. 30 and 31; seating was confirmed radiographically (Figure 12). 
The crowns were then torqued into place to 35 ncm. Following a 
10-minute wait, the screws were torqued again to 35 ncm, with 
an awareness of the stretch of screw mechanics.8 Screw-access 

openings were sealed with shade A1 dentin Empress composite 
after Teflon tape was placed over the screw heads for protection.

The crown for tooth No. 29 was tried in, following standard treat-
ment of using steam cleaning, hydrofluoric acid, and silane. The 
tooth surface was microabraded with PrepStart (Danville Materials, 
danvillematerials.com). Verification of acceptable fit, function, and 
esthetics was done prior to cementation with RelyX™ Unicem™ (3M, 
3m.com). Occlusion was checked to confirm bilateral, simultaneous, 
equal-intensity contacts. The deprogramming jig was removed.

Stage 4
The final step was replacing the defective crown on tooth No. 22. 
After removal of the restoration and preparation following biome-
chanical guidelines, tissue packing was performed with No. 000 and 
No. 00 retraction cords. The restoration design, fabrication, and de-
livery were done by the treating dentist (NH), as previously described. 

A final evaluation of occlusion and marginal integrity was per-
formed. Stable occlusion was confirmed using 25-µm articulating 
paper with the patient seated at a 45-degree angle. The occlusal 
goal of bilateral, equal-intensity, simultaneous posterior occlusion 
was verified. The chewing envelope was evaluated with the patient 
seated upright, chewing on 200-µm-thick blue articulating paper. 
Minor adjustments of interferences on inclines were made, and 
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the porcelain was polished. After the anesthetic had worn off, the 
patient was able to feel her bite and could chew comfortably. The 
patient said she was pleased with the results both functionally and 
esthetically (Figure 13 through Figure 15).

Conclusion
When treatment plans must be developed prior to the clinical exami-
nation, the clinical team must be prepared for unexpected clinical 
findings to avoid disappointing the patient in challenging clinical 
situations. By combining sound principles of diagnosis and treat-
ment planning,9 with computer-aided design and computer-aided 

manufacturing technology, a systematic workflow can be developed 
that provides a predictable approach and successful result. In this 
case, the outcome exceeded the patient’s expectations and provided 
satisfaction for all involved. In one visit, her mandibular posterior 
dentition and tooth No. 22 were properly restored at an increased 
vertical dimension that was comfortable, functional, and esthetic. 
The total treatment took close to 6 hours with much of the time 
waiting for milling and crystallization of the material in the oven. 
Her periodontal and functional risks were not adversely impacted, 
while her functional prognosis and biomechanical and dentofacial 
risks and prognoses were improved by the treatment provided. The 
patient has been successfully functioning for 15 months. Her local 
dentist delivered the restoration for implant No. 13 in May 2015. 
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Fig 13. After treatment completion, the dentition in maximal intercus-
pal position. Fig 14. The correction of the occlusal plane can be seen 
in this postoperative photograph. Fig 15. The mandibular arch after 
treatment completion.

Fig 12. Fig 13. 

Fig 14. 

Fig 15. 
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