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Objectives: This retrospective study compared two mandibular reconstruction
procedures—conventional reconstruction plates (CR) and patient-specific implants (PSI)
—and evaluated their accuracy of reconstruction and clinical outcome.

Methods:Overall, 94 patients had undergone mandibular reconstruction with CR (n = 48)
and PSI (n = 46). Six detectable and replicable anatomical reference points, identified via
computer tomography, were used for defining the mandibular dimensions. The accuracy
of reconstruction was assessed using pre- and postoperative differences.

Results: In the CR group, the largest difference was at the lateral point of the condyle
mandibulae (D2) -1.56 mm (SD = 3.8). In the PSI group, the largest difference between
preoperative and postoperative measurement was shown at the processus coronoid (D5)
with +1.86 mm (SD = 6.0). Significant differences within the groups in pre- and
postoperative measurements were identified at the gonion (D6) [t(56) = -2.217;
p = .031 <.05]. In the CR group, the difference was 1.5 (SD = 3.9) and in the PSI
group -1.04 (SD = 4.9). CR did not demonstrate a higher risk of plate fractures and post-
operative complications compared to PSI.

Conclusion: For reconstructing mandibular defects, CR and PSI are eligible. In each
case, the advantages and disadvantages of these approaches must be assessed. The
functional and esthetic outcome of mandibular reconstruction significantly improves with
the experience of the surgeon in conducting microvascular grafts and familiarity with
computer-assisted surgery. Interoperator variability can be reduced, and training of
younger surgeons involved in planning can be reaching better outcomes in the future.
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INTRODUCTION

After continuity resections of the lower jaw in case of
carcinoma, osteonecrosis, osteomyelitis, or trauma, a
mandibular reconstruction is essential to restore function and
esthetics (1, 2). The size of the defect is determined by the
preoperative extent, the entity of the pathology, and the resulting
radicality of the resection.

Defects of the mandible are reconstructable using either a
reconstruction plate without bony reconstruction or immediately
with a combination of reconstruction plate and primary bone
flap. For reconstructing with a fibula flap, hand-bended
(conventional reconstruction) plates (CR) or patient-specific
implants (PSI) can be used. Despite the considerable progress
in microvascular surgery, complications, such as tissue necrosis,
failure of the graft, infections (donor site or recipient), prolonged
hospital stay, and a long recovery process, occur (3, 4).

Advancements in computer-assisted surgery (CAS), particularly
with regard to computer-aided design/computer-aided
manufacturing (CAD/CAM) technology, are beneficial compared
to the traditional method ofmandibular reconstructionwith hand-
bent plates (5–15). The accuracy of CAD/CAM or selective laser
melting plates is superior to the manually bent reconstruction
plates. These plates provide greater results in terms of strength
and intraoperative positioning (16). The decisive factors for this
procedure are anatomical and symmetrical bone shaping,
restoration of a stable dental occlusion, and condylar
repositioning into a centric relation (5, 17–19).

In the conventional technique, in contrast to CAS, the plates
are bent intraoperatively or preoperatively manually before their
adaptation. Depending on the complexity of the case and the
skills as well as experience of the surgeon, this procedure might
be very time-consuming. The standard plates offered by
manufacturers do not always possess the required size and
number of holes for the intraoperative situation. An advantage
is offered by the PSI, which are more resistant to fracture while
normally being thinner than CR. PSI do not need to be bent to fit
the mandible of the patient and do not require predefined
bending points such as with CR (20, 21). With the
advancement of CAD/CAM technology, it is possible to
accurately plan the reconstruction of craniofacial defects
preoperatively, manufacture precise patient-specific implants,
and place them in shorter operating times. The implant can be
designed and shaped by the surgeon according to the defect size,
shape, and morphology (22, 23). By selecting the appropriate
design method, manufacturing process, and implant material, it
is possible to perform a precise surgical procedure and reduce
complications (24–31). The integration of this technology in the
pre- and intraoperative workflow has simplified the production
of cutting guides and has been shown to shorten the operation
time and the length of stay and to improve osseus consolidation,
symmetry, and morphology (10, 29, 32). Recent research
demonstrated additional advantages, for instance, minimized
interoperator variability caused by the experience of the
surgeon and improved teaching possibilities for younger
colleagues involved in the planning procedures/sessions with a
senior consultant and/or biomedical engineer (33).
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The preoperative planning of the exact position of
dental implants is enabled for an early satisfying functional
outcome (22). In contrast to the reported advantages, the time-
consuming preoperative planning and associated costs need to be
considered. With precise preoperative planning, it is challenging
to react to unexpected intraoperative changes. Implementing
changes in virtual planning is complicated (33, 34) and might
increase the risk of R1 resections in tumor surgery in cases of
primary reconstruction. An R1 resection is the macroscopic
removal of the tumor. In histopathology, however, smaller
portions of the tumor can be detected in the resection margin.
The aim of this study was, on the one hand, to compare the
results of patients regarding surgical technique and, on the other
hand, to evaluate the accuracy and reproducibility of virtual
surgical planning.

The use of modern technologies offers novel possibilities in
the treatment of complex defect situations. With the
development of preoperative virtual planning as well as PSI,
another possibility emerged for achieving a true-to-the-original
contour of the resected bone. Surgeons and users can use IPS
Gate® to request, plan, and complete patient-specific products.
The PSI, planning guidance, and anatomical models are
manufactured using various materials with the help of the
latest construction technologies. Through computer-based
planning and functionalized PSI, preoperative planning can be
transferred to higher precision of surgeries. For case creation,
patient data and case-related information are uploaded to the
web-based IPS Gate® platform. Based on the information and
requirements of the users, the IPS® developer prepares the case
planning in close collaboration with the surgeon. Once the
resection margins have been defined, the donor region is
virtually projected onto the recipient region, and the graft is
designed for the best possible esthetic and functional restoration.
Drilling and marking templates as well as a case-specific
optimized implant are created. The type, diameter, and length
of the osteosynthesis screws are defined. Finally, the surgeon
approves the design for production.

In the study at hand, we analyze the restoration of the
mandible with a PSI or with the conventional technique
regarding their accuracy of reconstruction, the associated
complication rate, and the outcome. To evaluate the
reconstruction, six clinically relevant distances of the
preoperative and postoperative conditions were evaluated. This
is a less-followed approach but highly suitable for determining
pre- and post-operative dimensions. With our research,
clinicians comprehend the extent to which a PSI or
conventional reconstruction is advisable for recovery with low
complication rates and improved outcomes.
MATERIALS AND METHODS

This study was approved by the local ethics committee at the
University of Düsseldorf, Germany (approval number 2018-
250). In this retrospective study, the results of mandibular
reconstructions of osseous defects treated with patient-specific
or conventional implants in 2014–2019 in the Department of
November 2021 | Volume 11 | Article 719028
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Oral and Maxillofacial Plastic Surgery at the University Hospital
Düsseldorf were evaluated.

Inclusion Criteria
All patients who underwent mandibular reconstruction at the
Center for Operative Medicine II Clinic for Oral and
Maxillofacial Plastic Surgery at the University Hospital
Düsseldorf between 2014 and 2019 were included. Both
alloplastic reconstructions and free microvascular grafts were
included in this study. All cases operated on using the standard
method with CR (hand-bended reconstruction plates) and those
who received a PSI were included, as well as cases from
secondary reconstruction.

Acquisition of Patient Data
Based on patient data, the course, the healing process, and the
postoperative quality of life are compared. A group of 46 patients
(PSI) were compared to 48 patients who were treated with a
conventional procedure (CR). The following patient- and implant-
related data were collected from clinical documentation, surgical
reports, and findings:

• patient data (name, age, date of birth, and gender)
• preoperative findings (previous operations, concomitant

diseases/pretreatments with possible effect on wound
healing, etiology of the defect, histology of the defect,
preoperative radiological findings, localization of the defect,
and size of the defect)

• surgery (date, type of graft resection limits, ischemia time,
duration of surgery, surgical technique, implant material,
intraoperative fitting accuracy, complications during
insertion and fixation of the implant, and necessary
adjustment of the bony graft bed or the implant)

• inpatient stay (wound healing process, postoperative imaging,
position of the implant, symmetry of the reconstruction, signs
of loosening, complications, and length of stay)

• postoperative course (sensitivity disorders, pain, pressure
sensitivity, skin conditions, scar conditions, and complications)

• preoperative and postoperative intercondylar distance
Selection of CT Data Sets
The preoperative CT image should accurately depict the current
condition before partial mandibular resection and allow the
measurement of the defined measurement distances. The
postoperative dataset was the first postoperative image to show
all relevant anatomical structures. For evaluation, the distances
of the corresponding points were measured pre- and
postoperatively and tabulated. In addition, the differences of
the distances were determined by subtracting the postoperative
value from the value determined preoperatively.

Determination of the Defect
Extent and Size
To localize the osseous defect or lesion, the bony and soft tissue
portions of the mandible were divided into sections. In the bony
portion, four areas were defined according to the anatomy: the
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alveolar process (pars alveolaris mandibulae), the ascending
branch (ramus mandibulae), the mandibular angle (angulus
mandibulae), and the mandibular body (corpus mandibulae). If
partial resection of the mandible is indicated, the sections can be
resected individually or in combination, as well as unilaterally or
bilaterally. The soft tissue portion of the mandible was divided
into the tongue, floor of the mouth, cheek, and lip for localization
in the presence of a lesion. With the aid of histopathology,
radiology, or surgical reports, the defect size and localization
were documented.

Measuring Points and Distances
To evaluate the reconstruction, six clinically relevant distances of
the preoperative and postoperative situation were compared. The
dataset was oriented according to the Frankfurt horizontal plane
and mid-sagittal plane. Measurements were conducted from the
capitulum (most lateral and most medial points), incisura (most
caudal points), mandibular foramina, to the coronoid process
(most cranial points), dorsal tip of the mandible closest to the
gonion point) using preoperative and postoperative CT or CBCT.
They run between the following bilateral anatomical structures:
D1, capitulum mandibulae lateralmost point; D2, capitulum
mandibulae medialmost point; D3, incisura mandibulae; D4,
foramen mandibulae; D5, processus coronoideus; and D6,
gonion dorsalmost tip of the mandible (cf. Figure 1). The
measurements were captured using dicomPACS®.

To evaluate the accuracy of the reconstruction, the distances
measured pre- and postoperatively were compared. This enables
verifying whether the original position of the condyles and the
symmetry of the mandible have been restored for ensuring
functionality and esthetics. The restoration of the individual
dimensions is a key quality factor after resection and the
reconstruction of the mandible. Whether a narrowing or
widening of the respective measured distance between the
corresponding anatomical points has occurred postoperatively
is reflected in the sign of the calculated difference. A deviation
into the negative range means a narrowing of the section in
question, while a deviation into the positive range is to be
interpreted as a widening in this area. If the differences
calculated for a patient have positive and negative signs, this
means that opposing movements have taken place during the
reconstruction, i.e., the mandibular segments have rotated.

Statistical Analysis
The determined values of the measurements as well as the
clinical data were statistically analyzed using jamovi (version
1.6.9). The Shapiro–Wilk test was conducted to check the data
for normal distribution, and the Mann–Whitney U-test and
Student’s t-test were used to compare the means of the two
groups. The Mann–Whitney U-test is a parameter-free statistical
test that compares two independent samples that are not
normally distributed. Thus, it is used to test the significance of
the consistency between two distributions. A p-value of <.05 was
defined as significant, a value of <.01 as very significant, and a
value of <.001 as highly significant. A significance level of p >.05
is set for hypothesis testing. For associations between two
variables, like A and B, Pearson’s product–moment correlation
November 2021 | Volume 11 | Article 719028
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(r) is calculated if the assumptions of linear relationship and
exclusion of outliers tested by visual inspection of scatterplots
and normal distribution of data, assessed with Shapiro-wilk test,
were met. For non-normal data, Spearman’s rank-order
correlation (r) is calculated. Mean differences are tested with
independent t-test when significant outliers, identified with
boxplots, were excluded and normal distribution of the
dependent variable, tested with Shapiro–Wilk test, and
homoscedasticity, tested with Levene’s test, were met. Mean
differences of non-normal dependent variable data were
analyzed with Mann–Whitney U-test.
RESULTS

Descriptive Statistics
The patient collective was distributed in two groups and analyzed
according to age at the time of surgery, gender, clinical picture,
and resection size. The collective consists of 94 patients. Forty-six
patients received a PSI, and forty-eight patients were treated with
a CR. (cf. Table 1).

The age of the patients was between 37 and 90 years
(MD = 66.3; SD = 12.5) and distributed as normal. In the PSI
Frontiers in Oncology | www.frontiersin.org 4
group, the age ranged between 42 and 82 years (MD = 66.2;
SD = 11.3), with 28 (60.9%) being male. Within the group of
patients receiving the CR, the patients were between 37 and 90
years old (MD = 66.5; SD = 13.6), of which 54 (57.4%) were male.
The mean age of groups PSI and CR did not differ significantly.

All patients were divided according tomedical conditions that led
to the indications of partial mandibular resection and subsequent
reconstruction. Forty-five subjects were diagnosed with squamous
cell carcinoma (SCC) (47.8%), and 20 received reconstruction with a
PSI (44.4%). In each case, eight of 18 patients (44.4%) followed a
diagnosis of maxillary necrosis with reconstruction using a PSI. A
pathologic fracture was present in 17.0% (n = 16) of cases. Fracture
was diagnosed in 2.0%, (n = 2), secondary reconstruction in 9.0%
(n = 9), and osteomyelitis in 3.1% (n = 3) of patients. One patient
developed basal cell carcinoma. In the patient population treated
with PSI, four diagnoses occurred: SCC, osteomyelitis, secondary
reconstruction, and pathological fracture.

Of the total of 46 patients who received a PSI, 20 (43.5%) had
a resection indication based on the diagnosis of squamous cell
carcinoma. In contrast, 25 patients with the same diagnosis were
treated conventionally. Of the total of 18 patients diagnosed with
mandibular necrosis, eight (44.4%) were treated with PSI, and 10
(55.6%) patients received a conventional reconstruction plate.

To investigate associations between a previous disease and a
specific diagnosis, a differentiation was made between seven
relevant previous diseases. These included cardiovascular,
pulmonary, and metabolic diseases, nicotine and alcohol abuse,
mental and neurological diseases, and the occurrence of another
carcinoma. Considering the presence of previous diseases in each
diagnostic group, it was found that 41 of 45 (91.1%) patients who
developed squamous cell carcinoma had one or more previous
diseases. All patients diagnosed with osteonecrosis of the jaw
(n = 18) had a preexisting disease prior to this diagnosis. Patients
with osteomyelitis (n = 3) or basal cell carcinoma (n = 1) had one
or more prior diseases. In 33.3% (n = 3) of the cases, no previous
disease was present in the secondary reconstructions. Using
c2 test, no stochastic dependence between the general presence
of a previous disease and a specific diagnosis was demonstrated
[c2(1,94) = 10.9; p = .09].

Fourteen of 18 patients diagnosed with osteonecrosis of the
jaw, another carcinoma, were already present in terms of medical
history, and a stochastic dependency between a prior disease and
diagnosis was found [c2(1;94) = 11.3; p = .002]. There was a
stochastic dependence likewise between the diagnosis of
pathologic fracture and the prior disease of nicotine abuse
[c2(1;94) = 6.2; p = .013]. In the sample, an average of M =
1.78 complications occurred (SD = 1.8).

On average, patients who received a PSI had two
complications in the postoperative course (SD = 1.9). Patients
who received a CR developed an average of 1.5 complications
(SD = 1.7). The maximum number of complications was six in
the PSI patient group and five in the CR patient group. No
significant mean difference was tested with an achieved power
of 15.8%.

The documented and possible complications that may occur
after reconstruction include dehiscence, the development of
FIGURE 1 | Representation of the measurement distances. D1, lateralmost
point of condyle mandibulae right to the lateralmost point of condyle
mandibulae left; D2, medialmost point of condyle mandibulae right to the
medialmost point of condyle mandibulae left; D3, most caudal point of the
incisura mandibulae on the right to the most caudal point of the incisura
mandibulae on the left; D4, foramen mandibulae on the right to the foramen
mandibulae on the left, D5, processus coronoideus on the right to processus
coronoideus on the left; D6, gonion on the right to gonion on the left.
November 2021 | Volume 11 | Article 719028
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hematoma, exposed reconstruction plate, dysphagia, necrosis,
infection, flap congestion, chyle fistula, restricted mouth opening,
recurrence, revision, patientdeath, dislocationof the reconstruction
plate, fistulation, and wound healing problems at the graft harvest
site. The mean number of complications in the PSI and CR groups
was not significantly different (U = .57; p >.05).

Overall, postoperative complications occurred in 64 of 94
patients (68.1%), and no complications occurred during follow-
up in 30 patients (31.0%) after the use of PSI or CR. Of the patients
with documented complications during the postoperative course,
48.4% (n = 31) had received a CR and 51.6% (n = 33) a PSI. No
stochastic dependence couldbedeterminedbetween theoccurrence
Frontiers in Oncology | www.frontiersin.org 5
of complications and the use of a PSI or CR. The probability of
revision is not statistically dependent on diagnosis in the sample.

Mortality
Of the 45 patients diagnosed with SCC, 22.2% (n = 10) died. A
stochastic dependence between the diagnosis of squamous cell
carcinoma and the complication death could not be
demonstrated using the chi-square test [c2(1;94) = 3.7;
p = .056]. The complication death was also not dependent on
any of the diagnoses. Statistically, in patients in whom the
complication of revision was documented, reconstruction
ended lethally in the further course [c2(1;94) = 5.6; p = .018].
TABLE 1 | Descriptive statistics [conventional reconstruction plates (CR) vs. patient-specific implants (PSI)].

CR PSI Total

Patients
N 48 46 94

Age
Years (mean ± SD) 66.5 ± 13.6 66.2 ± 11.3 66.3 ± 12.5
>60 years 64.6% 67.7% 65.9%
<60 years 35.4% 32.3% 34.1%

Gender
Male 26 (54.2%) 28 (60.8%) 54 (57.4%)
Female 22 (45.8%) 18 (39.1%) 40 (42.6%)

Diagnosis
SCC 25 20 45 (47.8%)
Maxillary necrosis 10 8 18 (16.1%)
Pathological fracture 10 6 16 (17.0%)
Fracture 0 2 2 (2.0%)
Osteomyelitis 0 3 3 (3.1%)
Basal cell carcinoma 0 1 1 (1.06%)
Secondary reconstruction 2 6 8 (8.0%)

Complications
Mean ± SD 1.5 ± 1.7 2 ± 1.9 1.78 ± 1.8
N with complications 31 (48.0%) 33 (51.0%) 64 (68.1%)

Defect size (mm)
Mean ± SD 58.8 ± 28.1 64.7 ± 29.2 61.7 ± 28.7
Maximum 120 120 120
Minimum 8 12 8

Operative time (min)
Mean ± SD 397 ± 229 467 ± 240 431 ± 236
Maximum 1000 878 1000
Minimum 143 73 73

Hospital stay (days)
Mean ± SD 26.4 ± 22.4 34.6 ± 32.4
Maximum 97 125
Minimum 4 6

No reconstruction
Mean ± SD 10.7 ± 8.4 27.1 ± 43.4 16.4 ± 26.5

Local reconstruction
Mean ± SD 16.3 ± 8.8 27.1 15 ± 8.8

Microvascular reconstruction
Mean ± SD 35.4 ± 24 36.7 ± 30.6 36.1 ± 27.8

Reconstruction group
No reconstruction 20 (21.3%)
N complications (mean ± SD) 0.9 ± 1.39
Local reconstruction 7 (7.4%)
N complications (mean ± SD) 1.29 ± 1.8
Microvascular reconstruction 67 (71.3%)
N complications (mean ± SD) 2.07 ± 1.81

Tumor patients
N (% of total) 25 (26.3%) 18 (19.1%) 43 (45.7%)
N complications (mean ± SD) 2.2 ± 1.8 2.56 ± 2.04 Tumor: 2.35 ± 1.9

No tumor: 1.3 ± 1.5
November 2021 | Volume 1
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Defect Size
The defect size of the collective varies from the minimum
extension of 8 mm to a maximum of 120 mm (M = 61.7;
SD = 28.7). In the patient-specific implant group, the size
varies from the minimum extension of 12 mm to a maximum
size of 120 mm (M = 64.7; SD = 29.2), which was not
significantly different to the defect size of the conventional
reconstruction plate group that varies from 8 to 120 mm
(M = 58.8, SD = 28.1) (cf. Figure 2).

Operating Time
The mean operating time (OR) time of the sample was 431 min
(SD = 236 min), the maximum OR time was 1,000 min, and the
shortest OR time was 73 min. The mean OR time of PSI (M =
467 min, SD = 240 min) did not differ significantly to the OR
time of CR (M = 397 min, SD = 229 min) [t (89) = -1.42;
p = .159) (cf. Figure 3).

Length of Stay
The average length of stay of the group with PSI was 34.6 days
(SD = 32.4) and was not significantly different to the group with
CR which was 26.4 days (SD = 22.4; U = -1.4; p = .154). The
shortest length of stay for the group with PSI was 6 days, and
the longest length of stay was 125 days. For the patients with CR,
the shortest length of stay was 4 days, and the longest was
97 days.

The mean values of the lengths of stay of the groups PSI and
CR are not significantly different. Comparing the length of stay,
the mean length of stay of patients with a microvascular graft is
highest at 36.1 days (SD = 27.8). Patients who did not receive
reconstruction stayed on the ward for an average of 16.4 days
(SD = 26.5) and those with local reconstruction for 15
days (SD = 8.8).

In the group of PSI patients who received a microvascular
graft, the mean inpatient length of stay was 36.7 days (SD = 30.6)
Frontiers in Oncology | www.frontiersin.org 6
and in CR patients 35.4 days (SD = 24.0). Thus, length of stay for
patients in the microvascular reconstruction group did not differ
between those who received a patient-specific implant and those
who received a conventional reconstruction plate.

Reconstruction Groups
Three reconstruction groups and seven reconstruction types are
differentiated. The three groups consist of patients who received
no reconstruction, local reconstruction, and microvascular
reconstruction. Reconstruction options include grafts in the
form of lingual, radial, pectoralis, and latissimus dorsi flaps as
well as fibula grafts. In addition, combinations of grafts are
possible for more complex defects.

In the sample, 21.3% (n = 20) of patients did not receive any
reconstruction, 7.4% (n = 7) took place locally, and most
reconstructions were microvascular at 71.3% (n = 67). On
average, patients who received a microvascular graft developed
the most complications (M = 2.1; SD = 1.8), followed by those
who received local reconstruction (M = 1.3; SD = 1.8). Patients
who did not receive reconstruction developed the least number
of complications on average 0.9 (SD = 1.4).

Of the 45 patients diagnosed with SCC, 88.9% (n = 40) received
a microvascular graft, two received no reconstruction, and three
received local reconstruction, with a dependence between
diagnosis and the use of a microvascular graft. In patients with
the diagnosis of osteonecrosis of the jaw (n = 18), in 80% of these
cases (n = 8), a microvascular graft was used. When considering
complications in the postoperative course, a stochastic dependence
was determined between the use of a microvascular graft and the
development of dehiscence as a postoperative complication [c2

(1;94) = 6.3; p = .012]. Dehiscence was documented in 31 of the 67
patients who received a microvascular graft. Examination of the
dependence between preexisting disease and reconstruction type
revealed a stochastic dependence between preexisting disease in
the form of alcohol abuse and the use of a microvascular graft
FIGURE 3 | Operation times in both groups (conventional reconstruction
plates vs. patient-specific implants).
FIGURE 2 | Defect sizes in both groups (conventional reconstruction plates
vs. patient-specific implants).
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[c2(1;94) = 4.8; p = .029]. There were 15 patients diagnosed with
the preexisting condition of alcohol abuse who received a
microvascular graft. In the local reconstruction group, most
patients had a prior cardiovascular disease (n = 5), four patients
had a history of another CA, and three each were affected by
nicotine abuse and metabolic disease. The most common prior
disease in patients with microvascular reconstruction was also
cardiovascular (n = 33), followed by nicotine abuse (n = 26),
another carcinoma (n = 25), mental/neurological disease (n = 18),
and alcohol abuse (n = 15).

Of the 94 patients included in the study, 45.7% (n = 43) were
patients with a tumor disease. Of these 43 patients, 18 received a
PSI, and 25 patients received a conventional reconstruction plate.
No stochastic dependence was demonstrated between a tumor
disease and the use of a PSI [c2(1;94) = 1.6; p = .208].
Squamous Cell Carcinoma
The number of complications between the group of tumor
patients (M = 2.2, SD = 1.8) and the group with no tumor
diagnosed (M = 1.4, SD = 1.6) does not differ significantly (U =
855, p = .051, r = .255). Thus, on average, significantly more
complications develop in patients with a tumor disease. The
mean number of complications in group PSI (M = 2.6; SD = 2.0)
and in group CR (M = 2.2; SD = 1.8) did not differ significantly.

Differences Between the Measurements
for PSI and Conventional Restorations
The defined measurement distances run between the following
bilateral anatomical structures: D1, capitulum mandibulae
lateralmost point; D2, capitulum mandibulae medialmost point;
D3, incisura mandibulae; D4, foramen mandibulae; D5, processus
coronoideus; and D6, gonion dorsalmost tip of mandible. Post-
operative CT scans were, on average, taken 69.6 days after the
surgery. Considering the differences of the measurement distances
of the group supplied with PSI, on average, the smallest deviations
occurredat themeasurementpointD4(M= -.341;SD=3.2) and the
largest differences, on average, occurred at the measurement point
D5 (M= 1.9; SD = 6.0). On average, the measurement points at the
coronoid process seem to undergo the greatest change in position
during repositioning of the resection parts. In group CR, the largest
dimensional changes are drawn at D2 (M = -1.6; SD = 3.8) and the
smallest postoperative changes atD5 (M= -.217; SD= 4.2). A direct
comparison of the differences in the respective measured distances
reveals the following: at D1, an average change of -.48 (SD = 4.4) is
shown ingroupCRand-.585 (SD=4.2) ingroupPSI.D2 showedan
average change of -1.56 (SD = 3.6) for CR and -1.66 (SD = 4.1) for
PSI, and D3 showed an average change of.838 (SD = 5.9) for group
CR and -1.2 (SD= 3.8) for group PSI. InD5, group PSI experienced
a mean postoperative difference of -1.86 (SD = 6.0) and group CR
-.22 (SD = 4.2). The mean differences of the differences are
significantly different at D6 [t(56) = -2.217; p = .031, d = .0286].
In all other measurement stretches, the mean postoperative
differences are not significantly different between groups. Point
D6 shows the mean postoperative differences of -1.04 (SD = 4.9) in
group PSI and differences of 1.52 (SD = 3.9), on average, in group
CR. Thus, there are significantly lower average postoperative
Frontiers in Oncology | www.frontiersin.org 7
differences between the measurement points at the gonion
(cf. Figure 4).

Localization
For a more precise localization of the defect, nine sections were
defined. These sections are divided into the tongue, floor of the
mouth, alveolar process, mandibular ramus, mandibular angle,
mandibular corpus, cheek, lip, and combinations of these
localizations. The most frequent complications occurred in
patients whose defect was localized to the mandibular corpus.
A dependency between defects in the mandibular angle and the
postoperative complication of wound healing disorders at the
extraction site was found [c2(1;94) = 11.90; p = .049] Another
dependency exists between the complication in the form of
exposed plates and combined defects [c2(1;94) = 4.39;
p = .036]. Complications most frequently occur in patients
with defects localized to the floor of the mouth.

Defect Size Quartile
To validly compare defect sizes and examine them with respect
to complications and dependencies on diagnosis, four quartiles
were defined. Quartile 1 includes all patients whose defect is in
the range of 0–30 mm, quartile 2 includes defects from 31 to 60
mm, all defects from 61 to 90 mm are in the third quartile, and all
defects from 91 to 120 mm are in the fourth quartile. A statistical
dependence between defects located in the first quartile and the
diagnosis of pathologic fracture was determined [c2(1;94) = 8.87;
FIGURE 4 | Differences between the measurements (D1–D6) for conventional
reconstruction plates and patient-specific implants; D6 [t(56) = -2.217;
p = .031 <. 05].
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p = .003]. Patients diagnosed with a pathologic fracture
statistically had post-resection defects ranging in size from 0 to
30 mm. Similarly, patients had defect sizes in the range of 31-60
mm in 24% of cases because of a diagnosis of squamous cell
carcinoma and subsequent resection. A statistical dependence
between diagnosis and defect size was demonstrated again [c2

(1;94) = 3.77; p = .046]. Regarding the complications occurring
post-resection, statistical dependencies between resection size
and a complication exist in the first three quartiles. Patients with
defect sizes in the range of up to 30 mm developed wound
healing disorders at the donor site more frequently in the
postoperative course [c2(1;94) = 8.57; p = .003].
DISCUSSION

Clinical parameters were retrospectively evaluated for obtaining
differences in CR and PSI. The virtual planning is intended to
support the surgeon in adhering resection limits. The use of
computer-assisted planning and manufacturing of PSI should
prevent oversizing the extent of resection while achieving R0
status. We investigated how the success of the operation is
influenced by pre-existing diseases, previous operations, the size
and etiology of the defect, localization, and occurring
complications. The question arises as to whether the extensive
preoperative virtual planning of the resection procedure leads to
certain benefits: a reduced operation time, an optimal fit of the
implants without dimensional changes of the bonymandible, and a
reduction of the postoperative complication rates for patients.

The results further identified that there is no preferred approach
when the defect exceeds a certain size. In the CR group, the mean
defect size was 58.8 mm (SD = 28.1) and in the PSI group 64.7 mm
(SD= 29.2). There was no significant difference regarding themean
defect size. The decision for or against a PSI is thus not linked to the
size of the defect but rather depends on the discretionof the surgeon
and the overall complexity of each case in this study. PSI are used
primarily for extensive reconstruction (i.e., multi-fragmentary
fibula graft), multi-fragmentary fractures, or pseudarthrosis (35–
38). Virtual preoperative planning might simplify the selection of a
flap suitable for covering a defect as well as provide the basis for the
design, shape, and positioning of the graft based on the previously
produced three-dimensional model (39).

In CAD/CAM implants, intraoperative steps can be performed
more effectively and efficiently compared to conventional methods
in terms ofminimizing the burden for patients as well as the risks of
postoperative complications (1, 14, 15, 39–41). This approach was
also followed by Rustemeyer et al. in their investigation of
intraoperative times in osseous reconstructions with free fibular
grafts. No significant differences were found between the CAD/
CAMgroup and the conventional implant group (42).Thiswas also
shown by Ritschl et al. (43) who also revealed no significant
differences between these groups (43). In contrast, other
researchers reported shorter operation times in patients with
CAD/CAM implants compared to conventionally performed
operations (14, 15, 40). The results of this study are consistent
with the current literature by Rustemeyer and Ritschl who
Frontiers in Oncology | www.frontiersin.org 8
determined no significant differences in operating times. On
average, operations lasted 467 min (SD = 240 min) for patients
who received PSI compared to 397 min (SD = 229 min) in the CR
group. An exact prefabricated fit for reducing the insertion time of
the implant as well as the overall duration of the surgery was not
given. However, in case of a more complex operation with a
pronounced defect and complex reconstruction, the step of
dimensioning the resection margins and the graft can take place
preoperatively. Intraoperatively, the prefabricated template makes
these steps considerably easier for the surgeon and leads to shorter
operation times in the long term(1, 44). In future studies, operations
of equivalent complexity should be compared in terms of required
time for the individual steps between the two groups—for example,
tumor resections in which a radical neck dissection is also
performed increase the time required compared to less complex
resections. According to a recent study by Vaira et al., unilateral
neck dissections require an average operative time of 71.2 min
(SD = 27.2 min) (45). Accordingly, the time required doubles for
bilateral operations, although variability can be assumeddepending
on the surgeon. Another component worth to be considered are
consolidated workflows through the repeated use of PSI between
2014 and 2020. The growing experience with computer-planned
and manufactured implants leads to minimized time for the
individual steps. A comparable hypothesis was pursued in a study
by Cho et al. who investigated the use of CAD/CAM-assisted
surgery for craniosynostosis and concluded that even less
experienced surgeons achieved equivalent long-term results with
this method (46). Accordingly, gaining knowledge when
performing computer-assisted surgery could be proportional
to experience.

Comparing the inpatient length of stay of the two groups
showed no significant differences. The same conclusion was
reached by other researchers who examined the hospital stay
between PSI and CR (12, 15, 43). The average length of stay of
patients with PSI was approximately 9 days longer compared to
patients with CR. Including all patients without differentiation
might not yield significant results since, depending on whether
reconstruction or resection was performed, the patients
require longer recovery under inpatient monitoring. Therefore,
a distinction was needed between patients who received a
local reconstruction, microvascular reconstruction, and no
reconstruction. The group of microvascular grafts showed the
longest mean length of stay, followed by the local grafts and the
group without reconstruction. Due to the higher complexity of the
microvascular reconstructions, this groupwasdivided intoPSI and
CR patients to compare the healing process and duration based on
the inpatient length of stay. However, there were no significant
differences between the two groups; this has also been shown by
other researchers (13). The healing process might thus be
independent of the type of reconstruction used.

The three reconstruction groups were examined regarding
dependencies on different diagnoses. A total of 88.9% of patients
diagnosed with squamous cell carcinoma received a
microvascular reconstruction. An equally high proportion of
microvascular grafts (80.0%) is found in patients who
underwent resection due to osteonecrosis of the jaw. There is a
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statistical dependence on the use of a microvascular graft for
both the diagnosis of SCC and the diagnosis of osteonecrosis of
the jaw (p <.05). During the postoperative course, 46.3% of
patients who received a microvascular graft developed
dehiscence. Considering whether any of the documented pre-
existing conditions predisposed to a particular graft, it was found
that patients received a microvascular graft after C2 abuses in
most cases (n = 15). Cardiovascular pathologies were recorded as
the most frequent previous disease in the microvascular group.
However, this association can also be attributed to the increasing
morbidity in older age which also results in a higher
susceptibility to developing cardiovascular diseases (47–49).

A total of 45.7% of all patients had a tumor disease, and 41.8%
of these tumor patients received a PSI. Especially for patients
with complex tumors in the jaw region, preoperative virtual
planning can be very important for restoring function and
contour (40). Thus, with the help of stereolithic models, the
resection margins are precisely dimensioned so that these are
tumor-free and less bone is resected (40). Oversizing and
resection of healthy bone should be avoided by the CAD/CAM
method. Moreover, the implant does not have to be bent to the
osseous conditions intraoperatively but is already existing for
exact insertion (50). In addition, a statistical dependency showed
that patients with a tumor disease developed more complications
regardless of whether they were treated with a PSI or a CR.

When looking at the measurement distances, significant
differences were found in one measurement point. The difference
between the gonion (defined as point 6) experienced an average
dimensional change of 1.52 mm (SD = 3.9) in the group of CR
patients and differed significantly from the group PSI, which only
showed average differences of -1.04 mm (SD = 4.9). Recent research
identified additional dimensional changes in patients who were
restored with CR (31). A changed distance between the mandibular
and the intercondylar angle after using intraoperatively bended
plates was documented (51). This goes in line with previous
research indicating that better three-dimensional precision is
achieved when using PSI (1, 16, 31, 44, 51). Dimensional changes
due to rotation errors of the resection parts are avoided by
prescribing exact positioning in the preoperative planning aiming
at restoring the physiological position (51).

The division into four quartiles allowed a more specific
examination of the extent to which the size of the defect
depends on the diagnosis and predisposes to certain
complications. In 24.0% of SCC patients, the resection extent
was between 31 and 60 mm, thus in the second size quartile.
Tumor size in oral squamous cell carcinoma is a risk factor for
the development of systemic inflammation and postoperative
complications (52). In size quartile two, where the patients with
SCC are located, an increased incidence of dehiscence in the
postoperative course was identified. In defect size quartile three,
between 61 and 90 mm, most frequent complications were
exposed plates in the healing process. The literature indicates
that a low number of residual teeth is a significant prognostic
factor for reconstruction plate loss (53). The results of this study
are consistent with the literature as bone loss in the 61–90-mm
range is associated with loss of dentition. The choice of
reconstruction has no impact on plate exposure in the healing
Frontiers in Oncology | www.frontiersin.org 9
process (54). Other risk factors are rather intraoperative blood
loss and the choice of reconstruction flap (55).
CONCLUSION

For the reconstruction of mandibular defects, regardless of their
etiology, the options available to the treating surgeon include CR
and reconstruction using PSI. In each case, the advantages and
disadvantages of the options must be weighed. Regardless of the
method of fixation, the functional and esthetic outcomes of
mandibular reconstruction have been significantly improved by
the experience of the surgeon with microvascular grafts along
with preoperative planning. In line with extant research, we
highlighted that three-dimensional precision seems to be
superior with a PSI. Interoperator variability can be reduced,
and the training of younger surgeons involved in planning can be
improved for better outcomes.

In future research, scholars might be interested in not only
comparing the two methods used in this study but also validating
the individual procedures. Thereby, the comparison of pre- and
postoperative CT scans might be validated within the planning
software (merging images). In a prospective study design, the
required time for the individual virtual planning might be assessed
along with relevant economic aspects, such as cost and time spent
on patients receiving different surgical procedures.
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