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INTRODUCTION
As neurosurgical and craniofacial techniques advance, reducing 
morbidity and postoperative facial deformities with consider-
ation of aesthetic results are becoming increasingly important 
concerns [1,2].

The temporalis muscle is one of the mastication muscles and 
has the shape of a broad fan. It arises from the temporal fossa 
and the deep temporal fascia, and inserts to the coronoid pro-
cess of the mandible, covering the temporal bone. When per-
forming a craniotomy, the surgeon usually has to cut a part of 
this muscle, and the original position and function are lost [3,4]. 

During craniotomy, elevation of the temporalis muscle and 
inadequate re-suspension can lead to temporal hollowing [5]. 
Following this temporal hollowing, due to drooping of the tem-
poralis muscle, inferior lateral bulging can also occur [6]. Cra-
niotomy can lead to temporalis muscle atrophy due to nerve, 
vessel, or direct injuries [7]. This causes significant facial defor-
mities with poor aesthetic outcome and patient dissatisfaction. 

New techniques are being used to address this problem. 

Archives of Craniofacial Surgery

Cranioplasty and temporal hollowing correction 
with a three-dimensional printed bioresorbable 
mesh and double vertical suture anchor muscle 
sling: a case report
Jae Hyeok Choi, Tai Suk Roh, Won Jai Lee, Wooyeol Baek
Department of Plastic and Reconstructive Surgery, Institute for Human Tissue Restoration, Yonsei University College of Medicine, Seoul, Korea

Postoperative temporal hollowing is a common complication of craniotomy. Damage and repositioning of the temporalis muscle can lead to 
a depression in the temporal side of the skull with inferior bulging, worsening aesthetic outcomes. We report a case of cranioplasty with 
three-dimensional (3D) printed mesh involving an additional correction using a temporalis muscle sling to help address this problem. A 3D-
printed bioabsorbable mesh was prepared based on preoperative facial computed tomography, and was fixed to the hollowed area for tis-
sue augmentation. The temporalis muscle was elevated and fanned out to its original position, and a sling was attached to a screw that 
was fixed to the mesh. For reinforcement, an additional sling was attached to another screw fixed to the mesh 2–3 cm vertically above the 
first screw. Aesthetic results were confirmed immediately after surgery and later during outpatient follow-up. Both depression and lateral 
bulging were resolved, and there was no delayed drooping of the temporalis muscle on 6-month follow-up. There were no complications, 
and the patient was satisfied with the appearance. This is a simple yet effective technique with a low risk of complications, and should be 
considered for postoperative temporal hollowing patients, especially those with severe lateral bulging.
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Van Kouwenberg et al. [8] suggested a buried anchoring su-
ture in the temporal hair-bearing scalp in 2019, but this was 
done a few months after cranioplasty. Park et al. [9] suggested 
a method of placing the three-dimensional (3D) printed im-
plant between the superficial and deep layers of the tempora-
lis muscle to improve esthetic outcomes in 2019. Kim et al. 
[10] reported three cases of satisfying outcomes using sili-
cone implants made with a toy-clay model.

We suggest a simple suture sling technique to help resolve this 
problem. The 3D implant is applied using the conventional 
method [11], and since the original soft tissue or skull is aug-
mented with a 3D mesh, the muscle origin has to be predicted 
and the sling has to be fixed at this predicted spot on the 3D 
mesh. This technique is easily applicable and effectively ad-
dresses temporal hollowing and lateral bulging. 

CASE REPORT
Surgical technique
In the supine position, an incision was made on the previous 
craniotomy scar to minimize additional scarring. Exposure of 
the skull around the hollowed area and the upper portion of the 
temporalis muscle was achieved. Dissection and elevation of 
the temporalis muscle was performed. The muscle was dis-
placed downward and partially overlapped, resulting in the lat-
eral bulging. Thus, the adhesion was dissected and the muscle 

was spread and pulled upward towards its original anatomical 
position. 

A 3D-printed bioresorbable mesh that was prepared in ad-
vance was inserted at the targeted hollow area. It was positioned 
between the skull and temporalis muscle, and fixed with titani-
um screws onto the skull. A large bite with #3-0 nylon was 
made on the superior portion of the temporalis muscle, and 
both ends of the string were wrapped around a titanium screw 
that was fixed to the mesh. Using the remaining ends of the 
same string for reinforcement, an additional sling was tied to 
another screw fixed to the mesh 2 to 3 cm vertically above the 
first screw (Fig. 1). The position of the second screw was 
around the uppermost boundary of the temporal fossa from 
which the temporalis muscle is supposed to arise from. When 
adequate aesthetic results were noted, the skin was closed.

3D mesh
3D-printed bioresorbable mesh (T&R Biofab, Siheung, Korea) 
with a thickness of 0.15 to 30 mm was used. The design was 
obtained via conversion of DICOM files of computed tomogra-
phy (CT) scans, and fabricated by a 3D printer. The mesh has a 
porous structure that allows the surrounding tissues to migrate 
into, and later promotes the generation of extracellular matrix 
material (Fig. 2).

Illustrative case
At the age of 21, a female patient underwent craniectomy due 
to an epidermoid tumor in the left basal and cerebellopontine 
angle cisterns. Six years later, the patient visited our outpatient 
department. The patient’s temporalis muscle was retracted, and 
it resulted in a very noticeable temporal hollowing with inferior 
lateral bulging (Fig. 3). Preoperative facial CT scan also showed 
depression of the left temporal area of the skull. 

The patient underwent cranioplasty with the anchoring suture 

Fig. 1. Schematic diagram of the surgical technique. (A) Showing 
temporal hollowing with inferior lateral bulging due to craniectomy 
and displaced temporalis muscle. (B) Showing corrected soft tissue 
contour after cranioplasty with muscle sling, black dots depicting 
screws and black lines depicting nylon sling.

A

B

Fig. 2. A three-dimensional printed bioresorbable mesh positioned 
on the skull model.
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method described above. A large bite was made on the tempo-
ralis muscle with #3-0 nylon, and a sling was created and fixed 
vertically on a 6-mm titanium screw attached on the 3D mesh, 
and another vertical sling was fixed on another 6-mm titanium 
screw 3 cm above the first screw (Fig. 4). Adequate lengthening 
and suspension of the temporalis muscle was achieved, and the 
anchored screw and suture slings were non-palpable through 
the skin.

The patient showed no other postoperative complications 
such as seroma, hematoma, wound dehiscence, or infection. 
One drain was inserted and was removed in about 2 weeks, and 
the patient was discharged. One month after surgery, 50 units 
of botulinum toxin were injected into the temporal region. This 
was done to achieve muscle atrophy due to the patient’s persis-
tent swelling, and also to weaken the muscle to prevent the 
screws and nylon sling from deviating as the mesh is absorbed. 
Correction of the deformity was achieved, and visually normal 

contour was maintained 6 months after surgery (Fig. 5). The 
patient was also satisfied with the aesthetic results.

Bi-temporal length measured from the facial CT showed a 
near symmetrical shape on both sides. Four levels (superior, 
lower superior, upper inferior, and inferior) were selected and 
compared. Before the operation, superior measurements were 
longer on the normal right side, and the most inferior measure-
ment was longer on the abnormal left side. After the operation, 
a 1-week follow-up CT scan showed a much more symmetrical 
shape. Each measurement was similarly 4–5 mm longer on the 
left, operative side (Table 1, Fig. 6).

DISCUSSION
Temporal hollowing is a common complication of craniectomy 
that worsens aesthetic outcomes. Multiple treatment plans have 
been implemented, including a 3D implant to make up for the 
loss in tissue, repositioning of the temporalis muscle, and mi-
crofat graft [12,13]. Soft tissue fixation to bone itself is a basic 
technique especially in orthopedic surgeries, and suture an-
chors have been developed for this purpose [14]. However, this 

Fig. 4. Intraoperative photograph showing the three-dimensional 
(3D) mesh with the temporalis muscle nylon anchoring sling. A large 
bite is made on the temporalis muscle and both ends of the string 
were fixed on a 6 mm titanium screw that is fixed on the 3D mesh, 
and another vertically strengthening sling is tied on another 6 mm 
titanium screw that is also fixed on the 3D mesh.

Fig. 5. Postoperative state 6 months after the surgery, showing re-
solved left temporal hollowing with inferior lateral bulging.

Fig. 3. Preoperative state after craniectomy and before cranioplasty, 
showing left temporal hollowing with inferior lateral bulging.

Table 1. Difference in length of operative and non-operative sides

Direction
Cephalic to caudal levels

Superior Lower 
superior

Upper 
inferior Inferior Average

Preoperative length (mm)

   Non-operative side (right) 70.0 75.1 77.0 78.4 75.1

   Operative side (left) 67.8 69.4 76.6 82.1 74.0

   Difference in percentage (%) –3.1 –7.6 –0.5 4.7 –1.5

Postoperative length (mm)

   Non-operative side (right) 71.9 75.9 78.1 79.7 76.4

   Operative side (left) 76.4 80.5 82.4 84.6 81.0

   Difference in percentage (%)  6.3  6.1  5.5  6.1  6.0
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has not been commonly used in cranioplasty, and we suggest a 
simple method to address this lateral bulging with a temporalis 
muscle sling. 

There are several advantages to our procedure. First, it is a 
simple yet effective technique that is easily applicable with a 
short learning curve. Cranioplasty is performed in the conven-
tional way, and the temporalis muscle is quite superficial, lead-
ing to easy access and visual confirmation of its original posi-
tion. The results can be predicted during the operation by visu-
alization after repositioning the scalp flap. Second, no other 
special materials or tools are needed. A pre-designed 3D mesh 
is required, but this is required in most cranioplasty surgeries. 
For the additional suture anchoring technique, only a simple 
nylon suture with a few titanium screws are needed, and these 
are materials that are already used in conventional surgery. 
Third, there were no noted complications, and we believe that 
no additional complications will arise from our muscle sling 
procedure. Previous reports show overall complication rates of 
cranioplasty ranging from 25.9% to 33.8%, with infection rates 
from 6.6% to 14.9% [15]. Due to minimal differences from the 
conventional cranioplasty method, complication rates are 
thought to be similar. 

There have been previous reports of similar suture anchoring 
techniques, but poor results occurred due to osteolysis around 
the anchored sutures [16]. In our case, there was minimal bony 
defect and the absorbable mesh was used for soft tissue aug-
mentation. It was mainly used to compensate for muscle and 
soft tissue loss caused by atrophy. The mesh is thought to be ab-
sorbed in about 2 to 3 years. During that period, we believe that 
there will not be many changes in the anchored area as the tis-
sue around the implant becomes fixed with adhesion, scarring 

or capsule formation.
In our illustrative case, CT scans showed that preoperative 

length was longer on the normal right side at the superior, low-
er superior, and upper inferior levels, and was longer on the af-
fected left side at the inferior level, thus showing a concave and 
convex shape aligned with the temporal hollowing with inferior 
bulging. Next, postoperative length was longer on the affected 
left side at all levels, and the difference in length was quite con-
stant; 5.5% to 6.3%. This over-correction of the surgical side 
seems to be caused by soft tissue swelling after surgery, and is 
expected to improve with time.

Additional contouring can be done postoperatively if needed. 
Botulinum toxin has been widely used for aesthetic purposes 
[17]. As we have explained in our illustrative case, muscle swell-
ing with scarring and adhesion was seen, and botulinum toxin 
injection was done to decrease muscle volume. It is also thought 
to help keep the screws and nylon sling in its original position 
by weakening the muscle. Liposuction and autologous fat graft-
ing have also been widely used in reconstruction and soft tissue 
augmentation, and recent research with the addition of adi-
pose-derived stem cells are showing greater results [18].

There are limitations to our study. Due to the short follow-up 
period, long-term complications could not be confirmed. Also, 
it was not possible to confirm the change of state after the mesh 
was completely absorbed, and long-term CT scan follow-up 
could not be confirmed. However, since the mesh has a porous 
structure in which the tissue migrates into, it is expected that 
the screw and sling stay sufficiently fixed even after mesh ab-
sorption. The aesthetic results were acceptable after 6 months, 
but confirmation is needed after a longer period of time.

In conclusion, we believe that this simple suture anchoring 
technique will be useful to other plastic and neurosurgeons 
when performing cranioplasty, and should be considered for 
patients with postoperative temporal hollowing, especially 
those with severe lateral bulging. No additional complications 
were noted, but longer follow-up is thought to be needed.
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