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Abstract: Background: This case report addresses the challenges of integrating orthodontic
and prosthodontic treatment, particularly in clear aligner cases. The study introduces a
novel milled-provisional crown with attachment (M-PCA) technique designed to enhance
treatment efficacy and reduce orthodontic attachment debonding, a common issue in clear
aligner therapy. Case Report: This is a case report that presents a 49-year-old female
patient seeking orthodontic treatment for Class III malocclusion along with periodontal
and prosthodontic challenges. The treatment plan involved a multidisciplinary approach,
including using M-PCA for temporization during clear aligner therapy. Conclusions: The
M-PCA approach demonstrated promising results, with no reported complications such
as orthodontic attachment debonding throughout the treatment period. This innovation
offers a significant advantage in managing orthodontic cases requiring provisional crowns,
ensuring retention, and facilitating orthodontic treatment.

Keywords: orthodontic tooth movement; provisional crown; clear aligners; attachments;
multidisciplinary treatment

1. Introduction
Orthodontic treatment conservatively enhances functionality, occlusion, and appear-

ance [1,2]. Clear aligners are a new generation of orthodontic treatment and were designed
to treat mild to moderate crowding [3]. Orthodontists claim it has achieved successful
outcomes with more complex malocclusions [4]. Nowadays, it is one of the most popular
and frequently used treatment options among orthodontists [3]. Compared to conventional
orthodontics, clear aligners have shown superior esthetics, lower demineralization, and
minimal soft tissue irritation [5,6]. Another advantage of the clear aligner option is digi-
tal planning. The software can let patients view the simulated smile and final proposed
treatment during treatment planning [7]. It has been shown that clear aligners are more
commonly used in adult patients for their esthetic advantage over fixed orthodontic ap-
pliances [8]. It was also reported that it is a better option for the gingiva, as clear aligners
have fewer periodontal indices measurements compared to other appliances [9]. With the
increase in periodontal diseases reaching 50% in several countries [10], clear aligners can
be a better choice in some cases.

On the other hand, clear aligners may initially cause speech articulation issues, dis-
comfort, and increased salivation [11]. In some situations, clear aligners may fail to achieve
buccal torque of the posterior teeth, significant rotation correction, or significant vertical
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movement [11]. In addition, the bodily movement of the teeth can be a significant limitation
in clear aligner extraction cases [11].

Like conventional orthodontic appliances, clear aligners’ success depends on sev-
eral factors, such as the duration of treatment. On average, the treatment duration of
clear aligners for mild crowding takes 13 months to resolve, moderate crowding takes
15 months, and severe crowding takes around 17 months [12]. Clear aligners incorporate
composite attachments during that time to increase their efficacy and predictability [13].
Unfortunately, there are reports of increased loss of these attachments at regular intervals
during orthodontic treatment, reaching a prevalence of more than 60% [14]. Orthodontic
attachment debonding can be related to several contributing factors, such as the frequency
of aligner removal, occlusal forces introduced by mastication, and aligner wearing time [14].
In addition to their efficacy, some of these attachments are commonly used to deliver force
to a specific part of the tooth to cause the orthodontic tooth movement necessary and to
provide a better-controlled tooth movement depending on the software algorithm [15].
Other attachments are designed to retain the aligners on the teeth [15].

Provisional crowns are encountered in orthodontic cases that involve multidisciplinary
approaches [16]. Fixed Partial Dentures (FPDs) and crowns are commonly found in adult
patients who seek orthodontic treatment [17]. In some clinical situations, the existing fixed
prostheses must be replaced due to biological, mechanical, or esthetic complications. The
replacement of the defective prosthesis usually occurs during the first phase of treatment,
in which the abutment tooth is temporized by provisional restoration. With clear aligner ap-
pliances, bonding attachments to provisional crowns come with challenges [18]. Therefore,
this novel approach was developed to combine the attachment and provisional crown as
one milled unit to overcome these challenges. This case report aims to present the workflow
for the use of a Milled-Provisional Crown with Attachment (M-PCA) and its associated
clinical outcomes.

2. Case Report
2.1. Case Presentation

A 49-year-old Saudi female patient came to the orthodontic faculty clinics at Imam
Abdulrahman bin Faisal University Dental Hospital with a complaint: “My teeth are
crooked, and I would like to correct them”. Her medical history showed no significant
findings. Her dental history showed multiple restorations and missing teeth. Upon clinical
examination, multiple caries lesions, generalized calculus deposition, generalized gingival
recession, a missing tooth (#3), two 3-unit FPDs on teeth #2, X, 4, & 13, X, 15, crowns
on teeth #12, 19, 20, and 30, Class I malocclusion, an overjet range from 0 to 1 mm, a
shallow overbite of 0–1 mm, a shifted lower midline of 1 mm, 3 mm upper crowding,
and 1 mm lower crowding were found. The lateral cephalometric radiograph suggested a
normodivergent pattern, with a Class III skeletal relation complicated by the retrognathic
maxilla and proclined upper and lower incisors (Figures 1A–E and 2A,B).

The orthodontic diagnosis was Class III malocclusion due to retrognathic maxilla
complicated with mild lower crowding and reverse overjet.

In Phase I, a standard treatment planning protocol was used to fabricate M-PCA
prostheses. This was followed by a free gingival graft on the maxillary anterior teeth and
orthodontic treatment using a clear aligner (comprehensive Invisalign® treatment).
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Figure 1. The initial intraoral photographs before restorability assessments: (A) right occlusion; (B) 
front occlusion; (C) left occlusion; (D) maxillary occlusion; (E) mandibular occlusion. 

 

Figure 2. Radiographs taken before orthodontic treatment: (A) orthopantomography (OPG) taken 
during the initial visit and (B) a lateral cephalometric radiograph before the start of treatment. 
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prostheses. This was followed by a free gingival graft on the maxillary anterior teeth and 
orthodontic treatment using a clear aligner (comprehensive Invisalign® treatment). 

2.2. M-PCA Design and Technique Description 

The patient was referred to the prosthodontics faculty clinics to assess crowns, FPDs, 
and caries control. After the prosthodontic evaluation, tooth #4 was unrestorable, defec-
tive FPDs on #2, X, 4, and #13, X, 15, and several defective crowns needed to be removed. 
Abutment teeth #2, 13, 14, 15, 18, and 19 were selected for M-PCA units. The technique 
used for the fabrication of the M-PCA can be summarized as follows: 
1. Obtain a digital impression of the abutment teeth using an intraoral scanner (Trios 

3®, 3Shape, Copenhagen, Denmark) (Figure 3A,B), and then export the impression as 
standard tessellation language (STL) files. 

2. Open a new job order in the CAD software program (Exocad DentalCAD Version 
3.1, Exocad GmbH, Darmstadt, Germany), and then select the abutment teeth and 
their antagonist (Figure 3C). 

Figure 1. The initial intraoral photographs before restorability assessments: (A) right occlusion;
(B) front occlusion; (C) left occlusion; (D) maxillary occlusion; (E) mandibular occlusion.
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Figure 2. Radiographs taken before orthodontic treatment: (A) orthopantomography (OPG) taken
during the initial visit and (B) a lateral cephalometric radiograph before the start of treatment.

2.2. M-PCA Design and Technique Description

The patient was referred to the prosthodontics faculty clinics to assess crowns, FPDs,
and caries control. After the prosthodontic evaluation, tooth #4 was unrestorable, defective
FPDs on #2, X, 4, and #13, X, 15, and several defective crowns needed to be removed.
Abutment teeth #2, 13, 14, 15, 18, and 19 were selected for M-PCA units. The technique
used for the fabrication of the M-PCA can be summarized as follows:

1. Obtain a digital impression of the abutment teeth using an intraoral scanner (Trios
3®, 3Shape, Copenhagen, Denmark) (Figure 3A,B), and then export the impression as
standard tessellation language (STL) files.

2. Open a new job order in the CAD software program (Exocad DentalCAD Version 3.1,
Exocad GmbH, Darmstadt, Germany), and then select the abutment teeth and their
antagonist (Figure 3C).
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Figure 3. The process for fabricating M-PCA utilizing digital dentistry: (A) maxillary digital model; 
(B) mandibular digital model; (C) selecting the abutment teeth that will receive M-PCA and their 
antagonist. 

3. After that, use the anatomical crown option under the crowns and copings for mate-
rial configuration, select acrylic/PMMA for the material option, and select the other 
options and parameters, as seen in Figure 4. 

 

Figure 4. A screenshot of the Exocad software shows the proper options for M-PCA fabrication. 

4. Import the STL scan files of the maxillary and mandibular arches (Figure 5A), and 
then adjust the scan data orientation for them (Figure 5B). 

5. Use the margin line detection feature to detect the margins of all abutment teeth (Fig-
ure 5C). 

Figure 3. The process for fabricating M-PCA utilizing digital dentistry: (A) maxillary digital
model; (B) mandibular digital model; (C) selecting the abutment teeth that will receive M-PCA
and their antagonist.

3. After that, use the anatomical crown option under the crowns and copings for material
configuration, select acrylic/PMMA for the material option, and select the other
options and parameters, as seen in Figure 4.
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Figure 4. A screenshot of the Exocad software shows the proper options for M-PCA fabrication.

4. Import the STL scan files of the maxillary and mandibular arches (Figure 5A), and
then adjust the scan data orientation for them (Figure 5B).

5. Use the margin line detection feature to detect the margins of all abutment teeth
(Figure 5C).
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Figure 5. Screenshots of the Exocad software show (A) importing of digital impressions; (B) scan
data orientation; and (C) marginal line detection.

6. Modify the cement gap from the crown bottoms menu and set it to “no cement gap”
for the marginal area and “0.1 mm” for the remaining structure (Figure 6A).
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7. From the tooth placement option, perform digital teeth wax-up using a digital library
(Figure 6B), and then adjust the axial contour, proximal contact, and occlusion using
the free-forming feature (Figure 6C).
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8. From the drop menu, select add/remove mesh (Figure 7A), and then select the attach-
ment tab (Figure 7B). Add the proper dimensions of the attachment (2 mm × 3 mm),
as shown in Figure 7B.
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9. Rotate the attachment towards the gingival area to mimic the horizontal gingivally
beveled attachment (Figure 7B).

10. At the end, check the final M-PCA design to ensure that the proper contour, proximal
contact, occlusion, and shape and location of the attachment have been achieved
(Figure 7C).

11. Transfer the virtual design to a milling machine (Zenotec T1, Wieland, Germany),
and then use a monolayer Poly-(methyl methacrylate) (PMMA) disk to fabricate the
M-PCA units.

12. After the clinical evaluation of the M-PCA units, perform an air abrasion treatment of
the intaglio (inner) surface, and then cement the M-PCA units with an adhesive resin
cement (RelyX Unicem, 3M ESPE, St. Paul, MN, USA).

2.3. Periodontic and Orthodontic Treatment Progress

After cementation of the M-PCA units, the patient was referred to the periodontics
faculty clinics to evaluate the periodontium, extract tooth #4, and manage the recession
with a free gingival graft (Figure 8A–E).

Prosthesis 2025, 7, x FOR PEER REVIEW 8 of 13 
 

 

11. Transfer the virtual design to a milling machine (Zenotec T1, Wieland, Germany), 
and then use a monolayer Poly-(methyl methacrylate) (PMMA) disk to fabricate the 
M-PCA units. 

12. After the clinical evaluation of the M-PCA units, perform an air abrasion treatment 
of the intaglio (inner) surface, and then cement the M-PCA units with an adhesive 
resin cement (RelyX Unicem, 3M ESPE, St. Paul, MN, USA). 

2.3. Periodontic and Orthodontic Treatment Progress 

After cementation of the M-PCA units, the patient was referred to the periodontics 
faculty clinics to evaluate the periodontium, extract tooth #4, and manage the recession 
with a free gingival graft (Figure 8A–E). 

 

Figure 8. Intraoral photographs after caries and periodontal clearance with M-PCA cemented to 
abutment teeth: (A) right occlusion; (B) front occlusion; (C) left occlusion; (D) maxillary occlusion; 
(E) mandibular occlusion. 

Three months later, the patient was scanned for Invisalign® treatment (Align Tech-
nology, Santa Clara, CA, USA) (Figure 9A–E). 

 

Figure 9. Intraoral scans for clear aligner: (A) right occlusion; (B) front occlusion; (C) left occlusion; 
(D) maxillary occlusion; (E) mandibular occlusion. 

Figure 8. Intraoral photographs after caries and periodontal clearance with M-PCA cemented to
abutment teeth: (A) right occlusion; (B) front occlusion; (C) left occlusion; (D) maxillary occlusion;
(E) mandibular occlusion.

Three months later, the patient was scanned for Invisalign® treatment (Align Technol-
ogy, Santa Clara, CA, USA) (Figure 9A–E).

The patient was seen for visit 1 for transitional aligners 1–3 (3 weeks). At visit 2,
an IPR of 0.3 for mandibular anterior teeth was performed, and aligners 4–15 (12 weeks)
were provided. In visit 3, aligners 16–27 (12 weeks) were given, followed by 28–39 (12
weeks) at visit 4. The patient was instructed to change aligners weekly. Teeth tracking was
satisfactory at each visit, with no emergency incidents or attachment breakage, and aligners
adapted well to the M-PCA (Figure 10A–E).
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3. Discussion
The demand for adult orthodontic treatment utilizing clear aligner therapy is increas-

ing [3]. However, multiple restorations, such as ceramic crowns and FPDs, pose difficulties
for orthodontists regarding this age group. Currently, various esthetic restorations and
bonding procedures are available [19,20]. Therefore, orthodontists struggle to find the
optimal surface conditioning and bonding techniques for ceramics that produce strong
attachment bonds without affecting the ceramic’s surface after debonding [21,22]. One
of the critical factors for the success of any orthodontic treatment is the retention of the
orthodontic appliances on the teeth throughout the treatment. Increased incidence of
breakage or detachment of the orthodontic appliance can negatively affect the overall
success [23].

In clear aligner therapy, attachments are considered a crucial auxiliary device to
deliver forces from the aligner to the tooth crown and root. These attachments are a force
transducer that help improve clear aligners’ biomechanics [24]. They are made of direct
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composite resin attached to the tooth surface [24]. With the aid of a computer program,
attachments are automatically positioned in specific locations on teeth. They regulate
the force’s application point, direction, and amount applied [25]. Aligner attachments
come in different forms that help retain teeth and enable greater control of specific tooth
movements [26]. Thus, the primary factors determining the attachment’s effectiveness and
aligner fitting are its positioning and configuration [26]. Nevertheless, the material used
plays a crucial role, since it should remain in the patient’s mouth throughout orthodontic
therapy and must maintain its features over time. Indubitably, these auxiliary components’
mechanical and physical properties are significantly impacted by the material selection [27].

This case report presents a novel dental technique that outlines a method for fabricating
M-PCA as a single unit. The attachment design aims to replicate retentive, gingivally
beveled attachments as well as vertical and horizontal attachments. The selection of
attachments was based on the necessity for tooth movement and to create/manage a
force system. In this case report, a horizontal gingivally beveled attachment measuring
(2 × 3 mm) was utilized in all M-PCA.

Digital dental workflows are user- and patient-friendly, delivering predictable, accu-
rate, and effective treatment modalities [28,29]. This case report highlighted the opportunity
to use Computer-Aided Design and Computer-Aided Manufacturing (CAD-CAM) to fab-
ricate the M-PCA for clear aligner therapy. The results clearly show that the accuracy
and adaptation of the M-PCA units used were clinically acceptable. This report provided
information that may help the practitioner overcome the difficulties and challenges during
bonding attachments on provisional crowns. The bonding time was also reduced, as this
step was entirely eliminated during bonding at the attachments visit. Furthermore, the
extra flush, discrepancy, and ill-fitting issues were eliminated using this technique.

In clinical settings, several factors contribute to early attachment failure in terms of
debonding, shape changes, and loss of aligner fit [14]. Orthodontic attachment debonding
can result in significant clinical issues that may increase the likelihood of treatment failure,
lengthen treatment times, and require more follow-up visits [30]. Orthodontic attachment
debonding can occur due to bond failure or patient negligence, influenced by operator-
related, patient-related, and clinical factors [14]. Operator factors involve the bonding
materials and protocols, while patient factors include the frequency of aligner removal [14].
Clinical variables encompass the attachment’s location, number, and shape, with molar
attachments being the most prone to loss due to increased forces during aligner use [14].

Several investigations evaluated the bond strength of conventional brackets to differ-
ent restorative materials, such as dental ceramic [31], composite [32], amalgam [33], gold
alloy [34], and PMMA [35]. It was reported that the bond strength of conventional stainless
steel brackets to provisional crowns can tolerate orthodontic tooth movement using me-
chanical surface treatment [35]. For that reason, it was recommended to perform surface
treatments, such as sandblasting of provisional crowns, to achieve clinically successful
bonding and reduce bracket breakage during orthodontic therapy [35].

In clear aligner therapy, efforts have been conducted to improve the bonding of
direct composite attachment [21,36]. Alsaud et al. evaluated the effect of different surface
treatments of composite attachments bonded to lithium disilicate ceramics [21]. When the
dislocation force outweighs the bonding force, the attachment will quickly be lost from the
tooth surface. The dislocation force on the attachments will increase each time the patient
places or removes the aligner [37].

A recent in vitro study by Shahin et al. [38] evaluated 3D-printed provisional crowns
with attachments as one unit to overcome the debonding of orthodontic attachments. In
this case report, milled-provisional PMMA crowns were used; with this novel technique,
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there was no emergency or breakdown of the crown attachment throughout the treatment.
Moreover, the aligners were perfectly adapted to the M-PCA.

Since composite attachments are a crucial part of clear aligner therapy, it is vital to
meticulously replicate them to preserve their integrity throughout the treatment [24]. The
curing process can significantly impact the morphology and resistance of attachments,
as in all other polymerization phases [39]. Nevertheless, the polymerization shrinkage
factor is eliminated in this case by using M-PCA. After one year of bonding, the attachment
deterioration rate was reported to be 14.79% for flowable composite material, while 9.70%
was reported for packable composite [40]. In this case, all M-PCA had no damage or change
in the shape and size during the “10 months” treatment time.

As reported, clear aligner patients have higher esthetic demands [41]. In addition
to orthodontic attachment debonding, attachment discoloration can cause dissatisfaction
during orthodontic treatment [42]. Studies have shown that surface roughness influences
the staining of resin composites [43–46]. In this case report, M-PCA use showed good color
stability throughout the treatment.

A systematic review confirmed that treatment with clear aligners results in better
periodontal health [9]. In this case, the patient’s periodontal health was optimal throughout
the orthodontic treatment, and no periodontal breakdown was noticed, especially around
the M-PCA abutments.

In summary, this report defined the areas of new methods that can be adopted for
many clear aligner providers, especially in adult patients. However, some limitations are
associated, such as the use of only one attachment design and dimension and one type of
milled provisional restoration. Future in vitro and in vivo studies should be conducted to
evaluate this concept using different attachment designs, dimensions, and materials. In ad-
dition, these types of attachments’ performance (wear, color change, bacterial accumulation)
should be investigated to simulate prolonged clinical usage.

4. Conclusions
This case showed a substantial potential for attachment modality in provisional crowns

during orthodontic treatment. M-PCA can be used as a type of provisional crown where
clear aligners are to be used. Using this method, the M-PCA was able to overcome most
of the challenges encountered during orthodontic treatment. The emergency visit was
eliminated, and aligners were found to be tracking exceptionally at each visit. The color
stability and attachment durability (shape and size) were well maintained. Moreover, this
paper defines and describes new and unique methods that can be adopted by many clear
aligner providers, especially in adult patients. However, the M-PCA concept needs to be
investigated further.
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