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Abstract: Vascular-free flaps are the most frequently employed method in cases of jaws reconstruction
after large tumor removal. This therapeutic choice is due to its intrinsic blood supply, which speeds
up recovery and enables healing apart from the injured recipient site. This method is most commonly
used in secondary reconstructions brought on by radiation, infection, or prior surgical intervention.
In fact, with the help of 3d technology, guides can be designed to perform the grafting very smoothly.
The purpose of this review with meta-analysis is to compare the two methods: the one using 3d
and the freehand one. Methods: In accordance with the entered keywords, a literature search
was conducted on PubMed, Lilacs, and Web of Science. Articles published between 2000 and
4 January 2023 were taken into consideration. Using the Boolean connective AND, the terms “jaw
reconstruction”, “cad-cam”, and “cancer” have been joined. Results: After searching the three search
motors, 148 articles were selected, and only 7 were chosen for this review. Conclusions: The pre-
operative morphological position looks to be accurately restored using the CAD/CAM reconstructive
methodology. Reconstruction using CAD-CAM and 3d technology allows for greater accuracy, less
operative time, and improved aesthetics.

Keywords: jaw reconstruction; cancer; 3d

1. Introduction

Numerous diseases might result in mandibular abnormalities that need to be repaired.
Resection may be necessary to remove malignant or benign tumors, and abnormalities of
the jaw may affect function. Additionally, sickness or infection may develop in the bone,
and trauma may result in fractures. These factors may influence chewing capacity and
aesthetics. Jewer et al. established a way of classifying these anomalies depending on
whether they affected the central or lateral sections of the mandible [1]. While lateral defects
can be repaired with a single straight bone, main faults require repeated osteotomies. The
best course of action is to allow for accessible airways while regaining both function and
appearance, including chewing, speech, and swallowing.

The usual mandibular reconstruction (MR) method entails moving the bone from a
donor site to a recipient site. Autologous bone grafts are fastened with titanium plates.
The two main surgical methods available are bone grafts with and without blood vessels.
Vascular-free flaps are most frequently employed because they have blood vessels, which
speeds up recovery and enables healing apart from the injured recipient site. This method
is most commonly used in secondary reconstructions brought on by radiation, infection,
or prior surgical intervention. The fibula-free flap (FFF), developed by Hidalgo in 1989,
is the most widely used vascularized graft. Due to the fibula’s size and structure, FFF
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reconstructions offer low donor site morbidity, high caliber blood arteries, and the ability
to mold the bone to mimic the natural mandibular contour [2]. The deep circumflex iliac
artery (DCIA), developed by Taylor et al. [3], involves harvesting a portion of the iliac bone
together with a part of the circumflex iliac artery and the scapular osteocutaneous free flap
(SOFF), developed by Swartz et al. [4]. The capacity to replicate the native mandibular
shape has been demonstrated by using numerous osteotomies, particularly in abnormalities
bigger than 6 cm [3].

Less information is published in the literature about non-vascularized grafts such as
iliac bone or costochondral ribs. They are utilized for smaller lesions in which soft tissue
is unaffected; trauma is the most frequent cause of these problems. It has been noted
that the lack of an intrinsic blood supply slows healing, raising the risk of infection and
postoperative problems. Additionally, radiation therapy makes these flaps more vulnerable
to osteoradionecrosis when treating malignant tumors [5].

Virtual Planning Using CAD-CAM

New approaches utilizing new technology have been developed to address these diffi-
culties, which are being caused by the higher incidence of preoperative and postoperative
complications and the overall increased operation time seen in traditional MR. The usage
of 3d printing techniques in MR surgery has increased since Hirsch et al.’s initial report
in the literature in 2009 [6]. This technique uses numerous two-dimensional computed
tomography (CT) scans of the mandibular region. These scans are converted to 3d models
in STL format and saved as DICOM files. Then, using one of seven 3d printing processes,
this 3d model is created layer by layer. This technology has been more widely accessible
over the past ten years, and hospitals have begun to develop multidisciplinary workflows.
For patients treated using CAD/CAM technology and those treated conventionally, Bol-
zoni et al. [7] discovered that the total cost of care for various treatment programs was
comparable. Multiple applications have been developed thanks to little cost differences
and improved accessibility. In addition to simulating surgery, 3d models can be fixed with
titanium plates around the harvest. Alternatively, dental implants and occlusal splints can
be prototyped, and titanium plates can be customized and 3d-printed [8]. With CAD/CAM,
options that are not possible with traditional methods are possible, such as the capacity
to mirror the unaffected mandible for improved mandibular symmetry, the planning of
osteotomy measurements for resection, and the potential to restore proper occlusion. These
innovations lessen the need for a surgeon’s specific skill set. When using CAD/CAM
techniques, several outcomes have been discussed in the literature, including accuracy,
postoperative complications, aesthetics, and cost [9]. This review aims to evaluate the
accuracy of the reconstructive process performed by 3d and CAD/CAM technology in
terms of surgical precision; in fact, a meta-analysis of the literature regarding the primary
studies was performed. In addition, a systematic review of the preliminary studies regard-
ing the operative time and accuracy of the 3d technique compared to freehand technology
was performed.

2. Materials and Methods
2.1. Eligibility Criteria

The following Population, Exposure, Comparator, and Outcomes (PICO) criteria were
used to determine the admissibility of all documents:

(P) Participants are patients with oral cancer and operated mandibular/jaw resection who
need reconstructive surgeries.
(I) Interventions are patients with cancer and resection surgery who have undergone
reconstruction surgery using 3d technology and CAD/CAM.
(C) Comparisons are patients with cancer and resection surgery who have undergone
reconstruction surgery using a fibula or scapula graft with the conventional technique.
(O) The outcome is to evaluate the accuracy of the 3d surgical design regarding graft
precision. The secondary effect is to assess the surgery’s aesthetic impact and working time.
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The following inclusion criteria were employed for this meta-analysis: (1) randomized
clinical trial (RCT); (2) patients over 18 years of age; (3) comparative studies; (4) diagnosis
of oral cancer without the distinction of the stage; (5) need for reconstruction surgery via a
vascularized flap; (6) papers published in English.

The exclusion criteria were: (1) studies involving animals; (2) review articles; (3) case
reports; (4) lack of practical statistical analysis.

2.2. Search Strategy

A literature search was performed on PubMed, Lilacs, and Web of Science, and articles
published from 2000 to 1 April 2023 were considered according to the keywords entered.
The terms “jaw reconstruction”, “CAD-CAM”, and “cancer” and the Boolean connection
AND has been used to combine [10]. MESH (Medical Subjects Headings) was used to
help with the web search (Table 1). We followed the Cochrane Handbook for Systematic
Reviews of Interventions and the PRISMA guidelines 2020 for this review and registered
the systematic review protocol on PROSPERO with the number CRD42023418080.

Table 1. Search strategy.

PubMed
(Jaw reconstruction) AND cad-cam AND cancer
(“jaw” [MeSH Terms] OR “jaw” [All Fields]) AND (“plastic surgery procedures” [MeSH Terms]
OR (“plastic” [All Fields] AND “surgery” [All Fields] AND “procedures” [All Fields]) OR “plastic
surgery procedures” [All Fields] OR “reconstruction” [All Fields] OR “reconstructions” [All
Fields] OR “reconstruct” [All Fields] OR “reconstructability” [All Fields] OR “reconstructable”
[All Fields] OR “reconstructed” [All Fields] OR “reconstructible” [All Fields] OR “reconstructing”
[All Fields] OR “reconstructional” [All Fields] OR “reconstructive” [All Fields] OR “reconstructs”
[All Fields]) AND (“computer aided design” [MeSH Terms] OR (“computer aided” [All Fields]
AND “design” [All Fields]) OR “computer aided design” [All Fields] OR (“cad” [All Fields] AND
“cam” [All Fields]) OR “cad cam” [All Fields]) AND (“cancer s” [All Fields] OR “cancerated” [All
Fields] OR “canceration” [All Fields] OR “cancerization” [All Fields] OR “cancerized” [All Fields]
OR “cancerous” [All Fields] OR “neoplasms” [MeSH Terms] OR “neoplasms” [All Fields] OR
“cancer” [All Fields] OR “cancers” [All Fields])
Web of Science
((ALL = (jaw reconstruction)) AND ((ALL = (cad-cam) AND ((ALL = (cancer))
Lilacs
“jaw reconstruction”(palavras) AND “cad-cam”(palavras) AND “cancer”(palavras)

2.3. Data Extraction

Using a specialized data extraction tool on a Microsoft Excel sheet, two reviewers (GM
and RF) independently retrieved data from the included papers. A third reviewer assisted
to reach a consensus where there was disagreement (MC).

The following data were obtained: (1) First Author; (2) Year; (3) Sample; (4) Nationality;
(5) Type of surgery; (6) Results between intergonial distance infra group.

2.4. Quality Assessment

Two reviewers assessed the bias risk of the papers using the Cochrane risk-of-bias
methodology for randomized trials, Version 2 (RoB 2). Any disagreement was discussed
until a consensus was reached with a third reviewer.

2.5. Statistical Analysis

The pooled analysis used the program Review Manager 5.2.8. (Cochrane Collaboration,
Copenhagen, Denmark; 2014). In the study, patients with freehand and 3d vascularized
flaps were contrasted. The difference in the risk between the two groups was calculated.
Using the Higgins Index (I2) and the chi-square test, study heterogeneity was measured
and classified as low heterogeneity (30 percent), medium heterogeneity (30–60 percent),
and high heterogeneity (>60 percent).
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3. Results
3.1. Study Characteristics

A total of 148 articles were chosen after using all three search engines. Reports that
were not in English were eliminated manually. In particular, 15 articles from PubMed
were excluded. Due to their duplication, 26 papers were eliminated. A total of 97 pub-
lications were eliminated during the first screening phase from the 107 that were taken
into consideration based on the inclusion criteria for clinical trials, randomized controlled
trials, and comparative studies. Following this initial screening, 10 papers were selected;
eligibility was determined by reading the abstracts. Only 6 articles—out of 106—were
selected for this review, according the PRISMA 2020 flowchart in Figure 1. One article was
deemed off-topic, and three articles failed to reply to PICO. In addition, a manual search
of the bibliography, Embase, and Clinical trial.gov was performed, and one article was
found that met the inclusion criteria. According to the PICO model, seven papers were
chosen for title and abstract screening. A Cochrane library literature search was performed,
from which no clinical trials emerged. The studies range from 2016 to 2022 and have
been conducted in different parts of the world, including China, Italy, Germany, and the
USA. A total of 516 patients were analyzed and divided into clinical study, comparative
study, retrospective study, and randomized, double-blind manner in a study group in
which maxillary and mandibular reconstruction was performed using 3d reconstruction
techniques and in a study group in which surgery was performed freehand. Moreover,
in the seven studies analyzed, only three were used for the meta-analysis in which the
intergonial distance between the study group and the control group post-surgery was
evaluated. In the other studies, complications and functional management were assessed
only by comparing the two techniques regarding operative time. All interventions were
performed with different software and different methods. However, the rationale and
operative procedure remain the same. Therefore, the number of patients analyzed in the
meta-analysis that compared the two groups by intergonial distance was 62 in the study
group and 59 in the control group.
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To start the virtual planning process, a high-resolution CT scan of the craniofacial area
and the lower leg or ankle as a potential donor site was acquired; the surgeons were to
process the DICOM format data. The surgeon turned the craniofacial skeleton and the
donor location into 3d virtual models using this software. The surgeon can plan mandibular
and fibular osteotomies thanks to the program. To achieve the optimal aesthetic contour
and prevent bone abnormalities on the side afflicted by the tumor, the outer surface of
the healthy side of the jaw was thickened to create the bespoke reconstructive titanium
plate that supported the bony-free flap. It was secured to the original mandible using a
locking mechanism.

The surgeon can then accurately segment the osseous free flap using a specially made
cutting guide for the bony free flap. A 3d printer was used to create cutting guides out
of polyamide.

3.2. Operative Time and Comfort

At the Department of Otolaryngology and Oncology, ENT Poznan University, eight
patients were treated between 2013 and 2015 due to an advanced stage of oral cavity
squamous cell carcinoma. Bony-free flaps taken from the scapula (four patients) and fibula
(four patients) with skin islands were used to restore hard and soft tissue abnormalities.
A physical 3d model was created for four patients needing mandibular reconstruction,
consisting of structurally sound and reconstructible sections. High-definition CT scans
served as the basis for the 3d models’ creation. All eight treatments resulted in fully
healed wounds and were rated effective. Good healing of the complex and soft tissues was
achieved in four patients, where a physical model was created using a three-dimensional
ABS approach. Free fibular flaps with skin islands were employed in four patients with
mandibular and soft tissue abnormalities, and scapular flaps with skin were used in the
other four patients. The surgery took an average of 6.5 h in the group using the planned 3d
model and 8.5 h in the group using the traditional reconstructive plan. After eight weeks, a
comparative examination of both groups’ functionality (joint stability, mandibular mobility,
and mastication ability) and cosmetic results was conducted. In contrast to conventional
surgery (10.5–12.5 degrees), differential angles were lower in patients with 3d modeling
(7.3–9.1 degrees) than in those without. Before and following the surgical intervention, the
patients accepted identical mandibular shapes and aesthetics [11].

May et al. identified 264 individuals who received free fibular flap (FFF) reconstructive
surgery for mandibular abnormalities between 2000 and 2018 for the study. A total of
32 patients received 3d (3d/VSP) reconstruction, while 230 patients received freehand FFF
mandibular reconstruction. Patients under 18 and those without adequate postoperative
imaging (CT maxilla/face, PET/CT, or Panorex) within two years of follow-up (n = 4) were
excluded from the study. Evaluations were made regarding the patient’s demographics,
co-morbidities, pathology, neoadjuvant or adjuvant therapy, overall operating times, and
reconstruction timeframes. Secondary outcomes included the surgery time. A total of
28 of the 260 patients that were investigated received FFF with 3d/VSP, compared to
232 who underwent CM FFF reconstruction. Compared to CM, the bony union was
considerably higher with 3d/VSP (p = 0.036). In contrast to the 3.6% nonunion rate in the
3D/VSP, the author discovered a 20% nonunion rate (46/232) in the CM. FFF complication
rates were 38% (87/232) in the CM group, compared to 11% (3/28) in the 3d/VSP group,
which was a statistically significant difference (p = 0.005). Age, surgical indication, sex,
and (neo)adjuvant therapy adjustments revealed that patients with 3d and VSP had an
estimated risk of FFF complication that was roughly 73% lower than that of patients with
CM. In 3d/VSP patients, there was a considerably lower overall risk of fracture and other
complications (39% vs. 63%, 11/28 vs. /232, p = 0.023). CM required 562 min (9.4 h)
of total operating time compared to 3d/VSP’s 491 min (8.2 h), with reduced variability
(118 vs. 124 min). Again with less variability, the total reconstructive time was 250 min as
opposed to 294 min (70 min as opposed to 90 min) [12].
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Patients who had fibular flap reconstructions of the maxilla and mandible were in-
cluded in the retrospective study. A radiographic study was assessed to evaluate the
ossification status of the jaw. Following virtual surgical planning (VSP), osteosynthesis
for jaw reconstruction was carried out either with freehand plates (non-PSI) or 3d virtual
surgery (PSI). Laser-melted CAD/CAM-PSI titanium plates were compared to traditional
osteosynthesis. The conventional group cut freehand osteotomies to form fibula portions
that had been extracted. For the fixation of jaw reconstruction, the patient’s medical records
were assessed by the plate system being utilized and divided into two groups: non-PSI and
patient-specific (PSI). The ossification states of each junction zone native bone-to-fibula were
all collected. The degree of the osseous union was divided into two categories: complete
(COU) and incomplete (IOU). A total of 133 patients who met the predetermined inclusion
criteria and underwent successful FFF reconstruction of the jaw out of 169 patients were
included in the current study. A few cases (n = 36) had to be excluded since the inclusion
criteria were not met.

A total of 30 patients (22.6%) had their maxilla reconstructed, while 103 patients
(77.3%) had their mandible rebuilt.

All radiographic findings were examined for the condition of the junction zone’s
osseous union and classified according to the type of osteosynthesis used. Incomplete bony
union was present in both groups at a rate of nearly 90% in the first six months, according
to radiographic imaging [13].

A clinical comparison study was conducted to assess the efficacy of the malleolus
cap design. The only independent factor was whether a fibula malleolus cap that was
3d-printed for each patient was used to position the harvest guide intraoperatively and
precisely. The same chief surgeon performed on every patient in a single facility. Yang et al.
reported patient-specific titanium implants used in computer-assisted jaw reconstruction.

The recipient jaw and the donor fibula were modeled in three dimensions using CT
data that were collected and segmented. Using the program’s built-in best-fit computation,
the postoperative fibula model was superimposed onto the preoperative fibula. The
distal remaining fibula’s osteotomy end was chosen as the best place to fit; that plane is
the actual osteotomy plane. The postoperatively reconstructed jaw was superimposed
on the preoperative plan with the best match of the unoperated portion of the natural
mandible [14] (Table 2).

Table 2. Main characteristics of studies included in the present systematic review.

Author Year Sample Nationality Type of Surgery Results of Comfort and Surgery Time

Jacek et al. [11] 2018
8 Patients:
4 study
4 control

Poland Bone harvest from
the scapula or fibula

Average time of surgery:
6.5 h study vs. 8.5 h control
Chewing function:
90% study
70% control

May et al. [12] 2021
264 Patients:
32 study
232 control

USA Bone harvest
from fibula

Average time of surgery:
8.16 h study vs. 9.5 h control
Complication:
10.75% study
37.5% control

Knitschke
et al. [13] 2022

133 Patients:
64 study
69 control

Germany Bone harvest
from fibula

Mean time to complete ossification
Freehand: mean ± SD = 15.4 ± 20.9 months,
median = 11.0 months;
££D: mean ± SD = 11.4 ± 7.0 months,
median = 8.0 months; p = 0.210

Pu et al. [14] 2022
20 Patients:
10 study
10 control

Hong Kong Bone harvest
from fibula

Virtual plan decreased from 3.2 ± 1.4 mm to
1.3 ± 0.8 mm (mean difference = −1.8 mm,
95% CI = −1.1 to −2.6, —<0.01).
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3.3. Evaluation of Angle

The study by Yang et al. sought to determine whether using surgical plates that were
3d-printed specifically for each patient would increase the accuracy of head and neck
reconstruction over traditional plates.

Patients were prospectively enrolled into the comparison trial’s study group using
surgical plates that were explicitly 3d-printed for the patients. The patients in the control
group with traditional surgical dishes belonged to the same unit’s previous cohort. The
precision of head and neck reconstruction was assessed. A total of 33 patients were included
in the trial, with 17 assigned to the experimental group and 16 assigned to the control
group. The baseline features of the patients were comparable across the two groups. The
deviations of the mandible or maxillae were 1.5 mm in the study group and 2.1 mm in
the control group (mean difference, −0.7 mm; 95% confidence interval (CI), −1.1 to −0.3;
p = 0.003), demonstrating better reconstruction accuracy for 3d patients.

Additionally, bone graft precision and bilateral mandibular angles were improved
throughout the repair process. The accuracy of the osteotomy was comparable between the
two groups regarding the secondary end goals. No differences were discovered in terms of
intraoperative blood loss, overall operating time, or hospital stay [15].

The study by Tarsitano et al. evaluated the accuracy in terms of intergonial distance be-
tween jaw reconstruction by 3d and by freehand surgery. A preoperative and postoperative
CT scan was used to analyze each patient. A CT scan was used to examine several anatom-
ical landmarks to assess the morphological findings: (1) The midline deviation; (2) The
amplitude fluctuation of the mandibular angle in grades; (3) The mandibular bi-gonial di-
ameter; and (4) The chin protrusion. The test group considerably outperformed the control
group in terms of the mandibular angle (p = 0.034), bi-gonial diameter (p = 0.041), and chin
protrusion (p 14 0.05) mean differences between pre-operative and post-operative CT scans.
Midline deviation showed no statistically significant variations (p = 0.092) [16]. The study
of Chen et al. aimed to assess the precision of fibular flap mandibular repair guided by 3d
CAD/CAM and to investigate potential sources of discrepancies. Twenty-eight patients
received fibular flap mandibular repair between June 2015 and December 2016. A total
of 13 patients underwent traditional freehand procedures, and 15 patients had virtual
planning and customized guided templates used. Deviations during mandibulectomy and
fibular osteotomy, as well as the overall and triaxial deviation of the appropriate mandibu-
lar anatomical landmarks, were measured between virtual planning and post-surgery. The
resection line and angle deviations were 1.23–0.98 mm and 4.11 2.60◦, respectively. Patients
who underwent ramus reconstruction experienced ipsilateral Co. and Go. deviations
of 9.79 4.74 mm vs. 3.57 1.62 mm (p 0.05) and 15.17 6.53 mm vs. 4.36 1.68 mm (p 0.05),
respectively, in the freehand group and CORPPP group [17] (Table 3).

Table 3. Characteristic of the studies included in the meta-analysis.

Author Year Sample Nationality Type of Surgery Results between Intergonial
Distance Infra Group

Yang et al. [15] 2021
33 Patients:
17 study
35 control

China
Bone harvest from
the iliac crest or
fibula

Study: 2.6 ± 3.0 mm
Control: 5.2 ± 4.2 mm
p = 0.076

Tarsitano et al. [16] 2016
30 Patients:
30 study
30 control

Italy Bone harvest from
fibula

Study: 4 mm (SD 2 mm)
Control: 9 mm (SD 7 mm)
p: 0.041

Chen et al. [17] 2021
28 Patients:
15 study
13 control

China Bone harvest from
fibula

Study: 6.71 ± 3.42 Control: 1.73 ± 1.13
p < 0.05

3.4. Meta-Analysis

The meta-analysis was conducted by a random model effect because of the high
heterogeneity (I2 = 50%) between the three included studies. For the meta-analysis, the
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intergonial distances between study groups and control groups were considered as common
parameters, and therefore, of the seven selected RCTs, only three have these parameters in
common in order to conduct a meta-analysis. The overall impact reported in the forest plot
(Figure 2) shows that the 3d model technique is an excellent aid for treating maxillary and
jaw reconstruction (OR: −1.09; 95% CI: −1.67, −0.52; Z: 3.72; p = 0.0002).
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3.5. Assessed the Risk of Bias

The risk of bias was calculated using RoB 2 and displayed in Figure 3. A low risk
of bias was guaranteed with respect to the randomization procedure in all of the studies.
Although all the studies included in the analysis properly removed bias in the choice
of reported outcomes, only 25% of the studies excluded bias in self-reported outcomes.
However, all studies included in the analysis reported full outcome data. Overall, it was
determined that there was little chance of prejudice for all three.
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4. Discussion

Reconstructive surgery aims to preserve chewing function, restore the lower third of
the face’s features, maintain proper occlusion, and open up the potential of placing dental
implants. A good quality of life can be maintained with appropriate temporomandibular
joint mobility [18]. Complication rates for the fibular free flaps are significant, ranging from
7 to 69% (plate exposure, fistulas). Contrarily, nonvascular bone grafts in reconstructive
surgery have substantial drawbacks; they are only used in small defects (less than 5 cm).
Currently, in cases with substantial mandibular excision, free vascularized flaps continue
to be the gold standard. The reconstruction of significant segmental mandibular deficits is
possible. Free flaps had a rapid osteointegration and a low risk of fracture [19].

Additionally, if additional radiotherapy becomes necessary, flaps provide no limita-
tions to the patient. The literature extensively describes how mandibular reconstruction
procedures can be planned accurately utilizing 3d printing to produce good aesthetic and
functional results. Modern reconstructive surgical methods, however, necessitate close
coordination between the surgeons, a team of engineers creating 3d-printed models, and
the radiologists. The group in which the 3d model was used has excellent mandibular
symmetry, according to the results of the measured angles. Different authors give remark-
ably similar findings [20–22]. In all operated patients who used 3d model printing, the
complete stability of the mandibular connection with the preservation of osseointegration
was established during the follow-up examination, performed eight weeks after the sur-
gical operation [23,24]. It permitted entire temporomandibular joint movement and the
conservation of masticatory function. Compared to conventional mandibular osteotomies
and reconstructions, the 3d model printing technology allowed for a surgical procedure
time reduction of roughly 2.0 h [25]. Compared to the conventional method, it may result
in a longer pre-surgical approach (an additional three days). Additionally, compared to
traditional reconstructive techniques, therapy costs are much higher when new technologi-
cal solutions are used [26,27]. However, as technology advances quickly, it becomes less
expensive to use new software, 3d-printing hardware, and materials, making it easier to
employ these methods [28].

Compared to conventional methods of freehand contouring, 3d model printing and
VSP (3D/VSP) had an essential osteointegration of the fibular flap. Significantly less time
was spent on the entire surgical procedure and the rebuilding of 3d/VSP patients [29,30].
The time to the bony union also considerably decreased, statistically, from 1.4 years with
conventional methods to 0.8 years with the 3D/VSP. Precision osteotomies using the stereo
lithic cutting guides increase the amount of bone-to-bone contact between the mandible
and fibular bone segments, likely improving the bony union [31].

The mandibular union typically takes 4 to 8 weeks [32]. Previous research on craniofa-
cial trauma has shown that nonunion can worsen the life of patients.

With 3D models, the surgeon can better plan the resection, predict and see the defect,
and tailor the soft tissue and bone flap components to the fault before inserting the flap
into the patient. Less anaesthesia time, less surgeon fatigue, and fewer complications might
result from the shorter operating and reconstructive times. 3d/VSP increased inopera-
tive effectiveness, accuracy, and precision [33]. In patients with complicated anatomy or
pathologies, this might be helpful. The potential for the degree of resection to change is a
drawback of custom reconstruction plates. This can change the osteotomy location, making
a specially made plate useless. The osseous union indicates ideal healing at the neo-jaw
location after the fibula-free flap repair of the jaws. Bone union is important to prevent
fractures [34].

Osteosynthesis plates’ artifacts may hurt quality. CBCT has been explicitly used in our
patient pool to plan dental rehabilitation. For oncological follow-up, CT scans with slice
thicknesses of up to 3 mm were obtained in the past.

Meanwhile, the slice thickness has dramatically decreased, enabling a more accurate
evaluation of the segmental gaps. The rationale for CT exams following reconstruction
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in benign conditions is extremely rigorous for radiation protection concerns. Hence, they
were not commonly performed.

Despite the constraints of the retrospective study design, our findings show that poly-
segmental reconstructions using CAD/CAM-PSI had a greater rate of inadequate bony
fusion between the flap bone segments than those with native bone alone (p = 0.003). After
jaw reconstruction with FFF, Hashemi et al. [35] examined 38 osteotomy sites in n = 13
patients and discovered comparable outcomes. They found that neither the internal nor the
intermediate gap sites approached statistical significance independently. Accordingly, the
study of Yang et al. compared conventional surgical plates, and 3d-printed patient-specific
plates reduce the distance and imprecision in terms of the distance and angulation of the
reconstruction [36]. This is the first study to compare the accuracy of outcomes for head and
neck reconstruction using 3d-printed patient-specific versus traditional surgical plates [37].

Al Maruf can examine head and neck reconstruction accuracy with a 3d model by
contrasting postoperative reconstruction results with preoperative virtual designs thanks
to computer technology. The correctness of the reconstruction was rigorously evaluated in
the current study using several metrics.

To improve precision, decrease morbidity, and shorten recovery times during mandibu-
lar reconstruction, CAD/CAM technologies are applied [38,39]. Planning and carrying
out mandibular reconstruction now have many new prospects because of the design and
production of patient-specific reconstruction plates, especially when combined with cutting
guides. A straight fibular flap can be shaped using specialized surgical cutting guides to
mimic a neo-mandible. To make the insertion of an implant-supported prosthesis easier,
the fibular osseous fragment is virtually selected and oriented optimally [40]. It is possible
to precisely estimate the length of the free flap’s bony component and the vascular pedicle’s
width if mandible-wide restoration is necessary.

The precision of bone segmentation can be increased by utilizing a piezoelectric saw,
which provides high procedural control. A special laser-sintering plate can accurately
reproduce the natural mandibular contour. Despite the availability of numerous plate
designs, it is crucial to precisely move the intended plate and bony graft to the surgical
site. This calls for CAD/CAM-produced guidance. The vital connections between virtual
planning and surgery are guides. Guide design and precision are essential to make a
reconstructive plan a reality [20,41].

The study of Chen et al. indicated that the CAD/CAM group had a sizable advantage
in restoring the mandibular arch. Every patient in the control group showed a decreased
bone diameter, indicating a facial contraction of the mandibular external profile. This
results in an apparent cosmetic change and variance in the occlusal arch, which makes oral
rehabilitation more challenging. Personalized plates can significantly aid the surgeon in
restoring the mandible’s transverse diameter. The bony surface can be fitted precisely using
a special laser-sintering plate, replicating the natural mandibular contour.

Our microvascular success rate of 100% demonstrated the procedure’s safety. Clinical
outcomes in tailored functional mandibular repair had been achieved with digital surgical
technologies [42].

According to Xu, virtual surgery enables the modelling of all crucial preoperative
steps, such as establishing the lesion resection range, planning the fibula osteotomy, and
positioning and shaping the fibular segments. Models and templates for surgical guidance
are designed using 3d printing technology. Additionally, it improves the predictability and
efficiency of operations and aids the training of young surgeons. The preoperative virtual
models were superimposed onto the reconstructed mandibles to calculate conventional
absolute deviations [43]. The repaired mandible, however, was diverted by muscles and
adapted to occlusion in the physiological state, resulting in physiological abnormalities
on both the lesion side and the healthy side. Yang et al. talked about a unique approach
to assessing physiological deviations. The temporomandibular joint (TMJ) variations sub-
stantially affected the lesion more than the healthy side in the 3d-printed plate group.
Patients without ramus and condyle preservation also had considerably larger condyle
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and joint space deviations [43]. This outcome matched what we found in our research.
The CORPPP group demonstrated significantly lower ipsilateral mandibular anatomical
landmark deviations than the freehand group when we evaluated the physiological vari-
ation, indicating that the CORPPP technique enhanced the physiological position of the
reconstructed mandible [44,45].

Key factors may have changed the results and are probably due to categorizations. To
reduce selection error, anatomical landmarks on the residual mandible should be chosen in
advance for measurement due to the significant shape differences between the mandible
and fibula. As a result, the presence or absence of the ramus on the ipsilateral side may
affect the deviation. Second, the resection range was thought to impact the variations of
the reconstructed mandible, particularly the posterior portion. Therefore, we can say that
reconstructive surgery using 3d technology has greater predictability, greater accuracy, and
faster ossification between areas.

5. Conclusions

The CAD/CAM reconstructive technique, as shown in the meta-analysis, has greater
accuracy and precision than the freehand technique. Virtual programming facilitates the
creation of fibula models. This method also reduces problems and gives the surgeon greater
procedural control. Although one study disagrees regarding the accuracy of 3d, this method
and the literature review affirm that the use of 3d and CAD/CAM technology is beneficial
in surgical treatment in terms of the effectiveness and duration of surgery. The only study
in disagreement (Yang et al. [15]) points out that, regarding the intergonial distance, 3d
technology is not highly accurate. However, we can conclude that the 3d technique is
highly accurate for mandibular reconstruction.
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