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Abstract
Background: Arti�cial total joint replacement is an important method of temporomandibular joint (TMJ)
reconstruction, which has been advocated for TMJ osteoarthrosis, ankylosis, tumors and other diseases. We
designed one type of a standard TMJ prosthesis �t for Chinese patients. This study explores the biomechanical
behavior of the standard TMJ prosthesis using �nite element analysis and selects an optimal screw arrangement
scheme for clinical application.

Methods: A female volunteer was recruited for a maxillofacial computed tomography (CT) scan, then the
Hypermesh software was used to establish a �nite element model of a mandibular condyle defect repaired with an
arti�cial TMJ prosthesis. LS-DYNA software was used to calculate the stress and deformation under a simulated
maximum bite force loading. Also, the forces of screws under different numbers and arrangements were analyzed.
Meanwhile, we designed an experiment to verify the calculation model.

Results: The average maximum stress of the fossa component of the standard prosthesis model was 19.25 MPa.
The average maximum stress of the condyle component was 82.58 MPa, mainly concentrated near the top row
hole. The fossa component should be �xed with at least 3 screws, and the optimal number of screws was 4. The
condyle component should be �xed with at least 4 screws, and its optimal number was 6. The best scheme of
screw arrangement was determined. The results of the veri�cation experiment showed that the analysis was
reliable.

Conclusions: The stress distribution of the standard TMJ prosthesis is uniform, meanwhile, the number and
arrangement of the screws signi�cantly affect the contact force of the screws.

Introduction
Temporomandibular joint (TMJ) disease has a high incidence, and is ranked fourth in oral diseases (1). In addition,
TMJ osteoarthrosis, ankylosis, tumors, and other diseases often lead to morphological defects and functional loss
of the TMJ, requiring TMJ replacement (2). There are two main methods for TMJ reconstruction; an autologous
bone graft and arti�cial joint reconstruction. Regarding the autologous bone grafting, several disadvantages have
been addressed, such as the need for a second operative area, possibility of donor area complications, differences
between the shape of the graft and the condyle, and instability caused by resorption. Arti�cial joint reconstruction
has been widely used in Europe and America since it obviates the need for a second operative area, and less time
required while providing stable results (2).

However, the standard Biomet prosthesis was designed based on the anatomy of Caucasians. In the application
process, it was found that the articular fossae of Chinese people were deeper than those of Caucasians, and the
angle of the mandibular ramus with the condyle also varied. In that regard, the Biomet standard prosthesis was
relatively undiversi�ed, and the fossa prosthesis contact surface was designed as a plane. Therefore, signi�cant
bone grinding is required for the �tness of the prosthesis. Although technical improvements have been achieved
(3–4), patients continued to suffer signi�cant bone loss, repeated grinding, and bone grafting during the operation,
thereby increasing the surgical trauma and extending the operation time.

To solve this problem, we measured 797 sides of a normal Chinese TMJ with a maxillofacial computed
tomography (CT) scan, then extracted its features through cluster analysis (5). According to the results, our team
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designed one type of fossa prosthesis and four types of condylar prosthesis, with an aim towards a better �tting,
less bone loss, and less operation time (6).

In this study, we simulate the maximum bite force loading using the �nite element analysis method, to observe the
stress distribution and displacement of this self-designed standard TMJ prosthesis. In addition, the stresses of
screws with different numbers and arrangements were analyzed, with an aim to optimize the screw arrangement
scheme and provide guidance for clinical practice.

1. Materials And Methods

1.1. Establishment of �nite element model
We recruited a 48-years-old female patient requiring right TMJ replacement, due to an advanced TMJ
osteoarthrosis. After a CT scan of the patient, the DICOM data were imported into ProPlan CMF 1.4 (Materialise,
Leuven,Belgium) software for 3D reconstruction. Then, we simulated the osteotomy and TMJ reconstruction with a
self-designed standard TMJ prosthesis, and the entire model was exported as a stereolithography (STL) �le. Next,
we imported the STL �le into a modeling software, and generated a �nite element mesh, as shown in Fig. 1A. The
software HyperMesh 9.0 (Altair, America) was used in this study for pre-processing, while, LS-DYNA 9.0 (LSTC,
America) was used for solving and processing, in addition to the HyperView 9.0 (Altair, America) software.
Hexahedral units are used for prosthesis and screws, and tetrahedral units are used for bone. Mesh encryption
processing is carried out, for the position with large stress change gradient and the area with contact relationship.
The whole model had a total of 117,700 nodes and 310,900 units.

The mandibular component was comprised of a cobalt-chromium-molybdenum alloy, while the fossa component
was made of an ultra-high molecular weight polyethylene (UHMWPE), and the screws were made of titanium-64
alloy. Referred to work of Chen and Qin (7), the Young's modulus and Poisson’s ratio were set as shown in Table 1
(engineering stress-strain curve of the material has converted to the real stress-strain curve). Bilateral temporal
bone masses and mandibular dentition were �xed in boundary conditions (Fig. 1B). Contact connections were used
for each part of the �nite element model.
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Table 1
Mechanical parameters of the materials. (UHMWPE: ultra high molecular weight polyethylene ) ;this table

is refered to Qin’s previous work, obtained with written permission(7)
Materials Condyle component

(Co-Cr-Mo)

Fossa component

(UHMWPE)

Bone(goat) Screws

(Ti-6Al-4V)

Density 1.03 kg/m3 8.5 0.94 1.8 4.5

Young’s modulus GPa 210 0.8 13 94

Poission’s ratio 0.29 0.45 0.35 0.34

Engineering yield strength

(σs) / MPa

520 19 135 858

Engineering tensile strength

(σb) / MPa

665 27 150 892

Elongation % 8 300 1 5.9

According to the research methods of Korioth (8), we loaded the masticatory muscle groups, such as the masseter
(super�cial, deep), pterygoid muscles, and temporal muscle (anterior, middle, and posterior). The attachment points
of the muscles are shown in Fig. 1C. The force and directions of the principal jaw-closing muscles are listed in
Table 2, according to previous work of Chen and Qin (7). During the analysis, all the screws were initially set in
place, and all the muscles were loaded to the maximum value to simulate the maximum bite force. The software
LS-DYNA 9.0 was used for computation. We observed stress, strain, and displacement distributions, and compared
them with the standard Biomet prosthesis model.

Table 2
Force and directions of principal jaw-closing

muscles. (SM: superfacial masseter;DM  deep
masseter;MP:medial pterygoid;AT:anterior

temporalis;MT:middle temporalis;PT:posterior
temporalis);this table is refered to Qin’s previous

work, obtained with written permission(7)
Muscles F/N cosx cosy cosz

SM 190.4 -0.207 -0.419 0.884

DM 81.6 -0.546 0.358 0.758

PT 75.6 -0.208 0.855 0.474

MT 95.6 -0.222 0.5 0.837

AT 158 -0.149 -0.044 0.988

MP 174.8 0.486 -0.373 0.791

1.1.1 Ethical approval
This study was approved by the Human Research Ethics Committee of Shanghai Ninth People’s Hospital (no.
SH9H-2018-T73-1). Written informed consent was obtained from the participant.

1.2. Statistical Analysis of screw arrangement scheme
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Then, we observed the forces of screws under different screw numbers and arrangements. We drew a chart with
the screw scheme being as the horizontal axis, while the contact force as the vertical axis, then all the screw
contact force values in each scheme were connected to form a vertical line segment, so as to select one scheme
with the minimum stress and the most uniform distribution. The stress, strain, and displacement distributions of
each part of the model such as the mandible, temporal bone masses, fossa component, and condylar component
were analyzed under the selected scheme. To analyze the speci�c conditions of each screw, the screws were
numbered in sequence (as shown in Fig. 2).

1.3. Veri�cation of �nite element model
In order to verify the rationale of the above calculation model, a validation experiment was carried out on the
prosthesis. The model used for veri�cation is shown in Fig. 3. A goat (male, 12-months) mandible bone which
osteoplasty was performed, and mandibular component of a self-designed standard prosthesis were utilized. The
lower part of the bone block was �xed, then the force and screws distribution were imitated to scheme #25. The
force was 350N, applied to the head of the prosthesis, as shown in Fig. 3. The strain gauge was attached near the
screw hole, where the strain is larger. All information were collected by 1/4 bridge circuit strain acquisition.

1.3.1 Ethical approval
The experiment was approved by the Animal Experimental Ethical Inspection of Shanghai Ninth People’s Hospital
a�liated to Shanghai JiaoTong University, School of Medicine (no. HKDL2018113). The animal (one goat) is
provided by Shanghai Jambo Biological Technology Ltd Co,.

2. Results

2.1. TMJ prosthesis behavior
Four models with the self-designed standard prostheses and one model with the Biomet standard prosthesis were
established to repair the right condylar defect. The temporal bone, fossa component, and fossa retaining screws
constituted the fossa complex, while mandibular bone, condyle component, and the retentive screws constituted
the mandibular complex. When the jaw-closing muscles were loaded to maximum strength, the maximum
displacement values of the mandibular complex were 0.387–0.442 mm and 0.432 mm in the self-designed model
and Biomet model, respectively (Fig. 4). Thus, all values were smaller than 0.5 mm, with a small difference. In each
model, the maximum displacement was mainly concentrated in the coronary process bilaterally, and the affected
side was larger than the contralateral normal side. The maximum displacement of the fossa complex in the self-
designed model was 0.260–0.301 mm and was located in the last inner part of the fossa prosthesis, whereas that
in the Biomet model was 0.129 mm, and was located in the posterior, partial inner position of the prosthesis.

Regarding the fossa component, the maximum stress of the self-designed model was 19.15–19.33 MPa, whereas
that of the Biomet model was 20.06 MPa (Fig. 5). In addition, the stress peak was located in the contact area
between the fossa component and temporal bone. The stress value of the lateral retainer plate was small. Locally,
the maximum stress of the fossa prosthesis was slightly higher than the yield strength of the UHMWPE (19 MPa).
As for the retention screws of the fossa component, the maximum stress of the self-designed model was 68.8–
88.2 MPa, whereas that of the Biomet model was 15.9 MPa (Fig. 6). Both were far less than the yield strength of
the titanium alloy (858 MPa). The stress peak was observed in screw NO. 1, followed by screw NO. 6, and the
minimum stress was observed in screw NO. 4. The screw stress value of the Biomet fossa component was smaller.
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This observation may be related to the �at contact surface, as most of the external forces were directly transferred
to the bone.

The condyle component was the most stressed part in the model. The maximum stress values were 78.4 MPa–
89.6 MPa and 197.3 MPa in the self-designed model and Biomet standard prosthesis, respectively (Fig. 7). The
stress peak in the self-designed model was around the screw hole at the top row, whereas that in the Biomet model
was concentrated in the neck and posterior edge of the condylar component. The stress values of the condyle
components in each model were far less than the yield strength (520 MPa) of the Co-Cr-Mo alloy, so it could be
considered that no plastic deformation took place. In the self-designed models, the maximum stress values of the
condylar component retention screws were 65.8 MPa–75.8 MPa, while the maximum value in the Biomet model
was 64.2 MPa (Fig. 8). Thus, all values were far less than the yield strength of the TC4 alloy (858 MPa). The stress
peak in the screws was located in NO. 8 screw, followed by NO. 1 screw, and the stresses of the screws in the
middle part were smaller.

2.2. Screws behavior and arrangement scheme optimization
As "type 3" prosthesis has the highest stress value among the four types of the self-designed standard model, it
was selected for further screw scheme analysis. Different numbers and arrangements of the retention screws were
designed for different schemes, according to the stress situation and clinical needs. In total, we analyzed 8
schemes for the fossa component, and 36 schemes for the condylar component (when one component screw
scheme was changed, the other would maintain the �rst scheme). The maximum bite force was simulated so as to
observe the contact force values of the screws under each condition, and a diagram was drawn to �nd the best
scheme with the smallest contact force and most even distribution.

2.2.1. Fossa component screws behavior
This study analyzed 8 schemes for the fossa component. The speci�c arrangements of the fossa component
screws are presented in table 3 and the contact force diagram is shown in Fig.8. Under the condition that all the
screws were in place (scheme #1), the maximum value of the contact force was located at screw NO. 1 (56.7 N),
followed by screw NO. 6 (31 N), while the minimum value was located at screw NO. 4 (5.2 N). Thus, the force
distribution is not balanced in this scheme. According to scheme #2, i.e., after removing the screw with the
maximum value (screw NO. 1), the maximum contact force of the screws became located at screw NO. 2 (46.4 N),
whereas the minimum value was still located at NO. 4 screw (4.8 N). The other three screws were under an even
force distribution (27.7N–34.9 N). On the basis of scheme #2, we proceeded to remove the screw with the
minimum value (screw NO. 4) to construct scheme #5. Then, the contact force values of the remaining screws
were, respectively, 46 N, 34.4 N, 28.6 N, and 35.5 N. In Fig.9, scheme #5 has the shortest line segment and the
lowest magnitude, indicating the lowest contact force and the most even distribution. Under the working condition
of scheme #5, the stress of each part of the model was slightly higher than that of scheme #1, with an increase of
nearly 10% (Fig.10), and a maximum of up to 94.79 MPa. When 3 screws were retained in scheme #8, it was
observed that the force value was higher, but no signi�cant shift or rotation occurred. Thus, we considered that at
least 3 screws were needed for the fossa component �xation, but this was not the optimal scheme.
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Table 3
Speci�c screw permutation of fossa component screw schemes

Scheme

number

Screw

number

Screws permutation

( means no screw)

Schemes Screw number Screws permutation

( means no screw)

1 6 5 4

2 5 6 4

3 5 7 4

4 5 8 3

Figure 9 Fossa component screws contact force diagram. (the horizontal axis: scheme number; the vertical axis:
contact force/N, and each point of the line represents the force applied to a screw)

2.2.2. Condyle component screws behavior
In this study, we analyzed 36 schemes for the condyle component. The speci�c arrangements of the condyle
component screws are shown in Table 4 and the contact force diagram is shown in Fig. 11. When all 8 screws were
in place (scheme #1), the maximum value of the contact force was located at screw NO. 8 (157.9 N). When one
screw was removed, it was observed that the scheme #5 was optimal. That is, with screw NO. 8 removed, the
contact force was reduced and distributed more evenly, and the minimum force was located at screw NO. 3. Then,
on basis of scheme #5, we proceeded to remove screw NO. 3 (scheme #10). This was the best arrangement for the
remaining 6 screws, and in this scheme, the maximum force was located at screw NO. 6. Schemes #16–#26 were
arrangements with 5 screws, and we found that the screws’ maximum contact force in scheme #16 ( ), #22
( ), #24 ( ), and #25 ( ) is weak, as shown in in Fig. 11B. That is, these schemes respectively
removed screws NO. 2, 4, 5, and 6, on the basis of scheme #10. It can be observed in Fig. 11B that scheme #25 has
the shortest vertical line segment, indicating that the contact force was the most even. Thus, scheme #25 was
considered as the best scheme, followed by scheme #22 (Table 5). Schemes #27–#33 were arrangements with
only 4 screws retained. According to Fig. 11C, we found that the screws’ contact force in scheme #30 ( )
showed the weakest force and the most even distribution, with a maximum value of 150 N, followed by scheme
#33( ). The maximum force in scheme #29 was almost the same as scheme #33, but the force distribution
was less even. Thus, scheme #29 could be considered as an alternative option. Schemes #34–#36 were
arrangements with 3 screws, with the screws’ contact force being increased signi�cantly, with a maximum force
value.
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Table 4
Speci�c screw permutation of condyle component screw schemes ( means no screw in this hole )

Scheme

number

Screw

number

Screws
permutation

( means no
screw)

Scheme

number

Screw

number

Screws
permutation

( means no
screw)

Scheme

number

Screw

number

Screws
permutation

( means no
screw)

1 8 13 6 25 5

2 7 14 5 26 5

3 7 15 5 27 4

4 7 16 5 28 4

5 7 17 5 29 4

6 6 18 5 30 4

7 6 19 5 31 4

8 6 20 5 32 4

9 6 21 5 33 4

10 6 22 5 34 3

11 6 23 5 35 3

12 6 24 5 36 3

Table 5. Optimized screw permutation of condyle component 
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7 screws

         #5

6 screws

         #10

5 screws

 

         #25 ( best )               #22

4 screws

         #30                     #33                     #29

As compared with the screws number, the screws arrangement is a more pivotal factor affecting the force. Under
the optimal scheme #25 (Figure. 12), the maximum stress of the mandibular prosthesis was only 84.7 MPa.
Meanwhile, with 5 screws retained, Fig. 13 showed a poor arrangement. The �ve screws were concentrated in an
inferior part of the condyle component, resulting in a signi�cant increase of the stress with a maximum value
reaching up to 197.8 MPa, and was accompanied by a signi�cant deformation of the prosthesis.

2.3. Comparison of the actual model and �nite element model
Two strain values of the condyle part of the prosthesis were obtained in the experiment; 650− 6 and 880− 6

respectively. The corresponding simulation values obtained in the �nite element model were 669− 6 and 774− 6 (Fig.
14), and the differences were 2.92% and 12.04%, both within 20%.

3. Discussion
So far, the Biomet standard prosthesis (made in the USA) is considered the only o�cially-approved arti�cial TMJ
prosthesis in China. The bone contact surface of the Biomet standard fossa component is designed as a plane,
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and the condyle-ramus angle of the condyle component is relatively undiversi�ed. To match the Biomet prosthesis
with the jaws of Chinese people, bone grinding is needed in the articular tubercle and mandibular ramus. If there is
a large difference between the patient’s anatomical structures and the standard prosthesis, signi�cant bone
grinding and bone grafting will be required to complete the prosthesis placement, and in some extreme cases, the
prosthesis cannot be installed at all. To overcome such an obstacle, we measured 797 sides of a normal Chinese
TMJ with a CT scan, and extracted its features through cluster analysis (5). Aiming for a better �tting, less bone
loss, and less operative time. Accordingly, one type of fossa prosthesis and four types of condylar prostheses were
designed for different depths of fossa and varied angles of condyle-ramus.

The design of an arti�cial joint prosthesis is very important for its function. An even stress distribution and stable
retention are important preconditions for long-term use. A stress in a part of the implant exceeding the fatigue
strength of the material might not cause material damage by one single load, but progressive damage would occur
to the material, namely, metal fatigue. Under cyclic loading, the accumulation of damage may lead to fatigue
fracture. Therefore, it is very important to conduct biomechanical simulation and analysis before clinical
application.

There have been many reports on �nite element analysis of TMJ prosthesis (9), mainly focusing on the condyle
component (10–13), whereas only few reports focused on the analysis of the fossa component. Ramos et al. (14)
compared a Christensen standard fossa component model with a customized one, with a standard condyle
prosthesis in both models. They believed that the stress, deformation, and displacement of the customized fossa
component were all superior to the standard one, but the screw force in the standard component model was more
even. Moreover, the stress of the posterior inferior screw of the condylar component was the strongest. However,
the Christensen prosthesis has metal-metal contact, and the metal debris generated by wear and tear can trigger a
macrophage reaction and increase the incidence of cancer, which has otherwise been gradually eliminated from
clinical practice. Today, the mainstream materials for a TMJ prosthesis are alloy and the ultra-high molecular
polymer (UHWPE) (15). Ramos (16) compared the Biomet prosthesis with the Christensen prosthesis, with the
UHWPE fossa component (Biomet prosthesis) and contralateral articular disc being added into the model, whose
mechanical behaviors were described in detail. They found that the implants in�uenced the behavior of the
mandible by improving the symmetry of the mandible and the strain distribution. The Biomet implant slightly
modi�ed the behavior of the mandible, and presented some improvements over the Christensen TMJ model.

Recently, Ackland (17) reported a �nite element analysis of a 3D-printed customized TMJ prosthesis. A window
structure of a condylar component was designed to facilitate reduction of the masseter muscle. The study
analyzed the in�uences of prosthetic condyle thickness, neck length, head sphericity, and window structure on the
biomechanical behavior. There was a fossa component in the model, but its biomechanical behavior was not
described.

In this study, we found that the stress values of the condyle component, retaining screws, and jaw bone were far
less than their yield strength. However, the local stress value of the fossa component was slightly higher than the
yield strength of UHMWPE (19 MPa). Thus, in an extreme bite force condition, the local compression area of the
articular socket prosthesis appeared to slightly yield. Chen (7) analyzed a 3D printed customized TMJ prosthesis,
and the maximum stress value on the surface of the fossa component reached 20.66 MPa, which was similar to
our result. Under tensile stress, the polymer would appear to have a stress concentration in some weak parts, which
easily produces cracking. When cracking develops gradually, the crack matter will break down, meaning that a
crack emerges, and the material appears destroyed. To avoid cracking, we consider improving the prosthetic
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structure by thickening the weak part to disperse the stress, or changing the materials to meet mechanical
requirements. As this study simulates an extreme situation of maximum muscle force, which is far stronger than
the real chewing force, we plan to conduct a dynamic force analysis of the prosthesis in subsequent studies, and to
provide a more accurate evaluation of the prosthesis.

Hsu (12) simulated different retention screw numbers and arrangements in the condyle component under bite force
loading. At least three screws were necessary for stable retention, and the arrangement of screws greatly
in�uenced the stress distribution. In this study, the fossa component behavior in different screw arrangements of
3–6 screws was analyzed, with scheme #1 (6 screws) as the benchmark. Schemes #6 and #7 (3 screws) showed a
slight force increase, while scheme #5 (4 screws) showed the weakest force with the most even distribution.
Therefore, it is considered that at least 3 screws are necessary for the fossa component, whereas the best number
is 4 screws.

Similarly, the condyle component behavior of 3–8 screws in different schemes was analyzed. It was found that
after a reasonable reduction of the number of screws, the force was reduced from that based on scheme #1 (8
screws), and the overall force value of scheme #10 (6 screws) was the minimum. Then, as the number of screws
continued to decrease, the contact force gradually increased, but it was still weaker than scheme #1 until schemes
#30, #33, and #29 (4 screws). Although 3 screws could accomplish the prosthesis reattachment, the contact force
was signi�cantly increased. Thus, it is emphasized that the condyle component needs at least 4 screws for
reattachment, 5 screws are better, and the best solution is to use 6 screws.

When arranging the screws' permutations, we should not only consider the stress condition, but also combine it
with the actual clinical situation. In the condyle component, the projection position of NO. 2 and NO. 4 screw holes
is often closely related to the inferior alveolar nerve. The position of the inferior alveolar nerve should be carefully
observed before operation. If there is a distance between the nerve and the prosthesis, we prefer scheme #30 or
#33. If the prosthesis is close to the nerve, or even contacts the nerve, scheme #29 is preferred, so as to protect the
inferior alveolar nerve.

Moreover, the results of the veri�cation experiment showed that the difference between the actual model and �nite
element model was within 20%(2%-12%), so the utilized simulation model in the current study was considered to be
reliable.

In conclusion, this study advocated good biomechanical properties for a self-designed standard prosthesis that �ts
the Chinese patients. At least 3 screws were necessary for fossa component retention, and 4 screws were optimal.
The condyle component requires at least 4 screws for �xation, and 6 screws for the optimal scheme. As compared
with the number of screws, the screws arrangement has a more signi�cant impact on the force. In this study, we
selected an optimal screw retention scheme to provide a reference for clinical practice.
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Figure 1

Finite element model of right temporomandibular joint (TMJ) prosthesis replacement. A: the �nite element mesh; B:
boundary conditions (The area that the arrow points to represents the �xed area); C: the attachment points of
muscles.

Figure 2

Screw numbers of fossa component and condyle component.
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Figure 3

Veri�cation experiment: A: actual model; B: �nite element model (arrow indicate the direction of the force )

Figure 4

Displacement of the models. (A-D: Self-designed standard prosthesis; E: Biomet standard prosthesis)

Figure 5

Stress distribution of fossa component. (A-D: Self-designed standard prosthesis; E: Biomet standard prosthesis)
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Figure 6

Stress distribution of fossa component retention screws. (A-D: Self-designed standard prosthesis; E: Biomet
standard prosthesis)

Figure 7

Stress distribution of condyle component. (A-D: Self-designed standard prosthesis; E: Biomet standard prosthesis)

Figure 8

Stress distribution of condyle component retention screws. (A-D: Self-designed standard prosthesis; E: Biomet
standard prosthesis)
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Figure 9

Fossa component screws contact force diagram. (the horizontal axis: scheme number; the vertical axis: contact
force/N, and each point of the line represents the force applied to a screw)

Figure 10
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Stress distribution of the model in screw scheme #5 of fossa component

Figure 11

Condyle component screws contact force diagram. (the horizontal axis: scheme number; the vertical axis: contact
force/N, and each point of the line represents the force applied to a screw)
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Figure 12

Stress distribution of the model in screw scheme #25 of condyle component
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Figure 13

Inappropriate screws arrangement resulting in a signi�cant increase of stress and deformation
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Figure 14

Two simulated strain values obtained in FEA model, corresponding to the real location in the experiment


