
Bayram et al. Head & Face Medicine           (2024) 20:43  
https://doi.org/10.1186/s13005-024-00447-9

RESEARCH Open Access

© The Author(s) 2024. Open Access This article is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 
International License, which permits any non-commercial use, sharing, distribution and reproduction in any medium or format, as long 
as you give appropriate credit to the original author(s) and the source, provide a link to the Creative Commons licence, and indicate if 
you modified the licensed material. You do not have permission under this licence to share adapted material derived from this article or 
parts of it. The images or other third party material in this article are included in the article’s Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in the article’s Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To 
view a copy of this licence, visit http://creativecommons.org/licenses/by-nc-nd/4.0/.

Head & Face Medicine

Retrospective analysis of ideal 
needle puncture angles and depths 
for temporomandibular joint arthrocentesis 
using CBCT data
Ferit Bayram1,2  , Senem Askin Ekinci1,2*   and Gokhan Gocmen1,2   

Abstract 

Background This study aimed to investigate the range of angles and depths necessary for effective entry 
into the TMJ using CBCT images, focusing on classical Holmlund Hellsing points and a two-needle approach.

Methods A retrospective cohort of CBCT images from January 2020 to November 2023 was analysed using 3D analy-
sis to determine the variance in the required angles and depths.

Results The average age of the 68 participants included in the study was 29.5 ± 11.1, 58.8% of the participants were 
female and 41.2% were male. The anterior needle measurements showed a relatively low standard deviation(SD) 
in depth(SD:3.6) with a low variance coefficient(12.5%), whereas the axial and coronal angles exhibited greater 
variability(SD:9.1 and 7.6, respectively). For the posterior needles, moderate SDs in depth(SD:3.5) and greater variabili-
ties in axial and coronal angles(SD:9.6 and 5.3, respectively) were observed. A weak negative correlation was observed 
between the axial angle of the posterior needle and age(p: 0.028, Pearson r: -0.29) Anterior needle depth (p:0.037) 
and posterior needle axial angle(p:0.014) were greater in males than females. The anterior needle depth in patients 
with temporamandibular disease was greater than in those without(p:0,03).

Conclusion There were significant differences in the angle measurements for both anterior and posterior needles, 
but lower variance in depth. The depths and angles of the needles did not correlate with age.

Keywords Arthrocentesis, Internal derangement, Temporomandibular joint, Three-dimensional imaging, Virtual 
planning

Background
Temporomandibular disorders (TMD) are a range of 
pathologies characterized by symptoms such as pain, 
limited movement, and joint sounds, stemming from 
functional disorders of the jaw joint and surrounding 
muscles [1]. TMD encompass a wide spectrum of con-
ditions, being either arthrogenic or myogenic. Despite 
this heterogeneity, traditional treatment approaches are 
generally applied in a similar pattern [2]. Conservative 
treatments or minimally invasive methods often consti-
tute the first step in this process [3]. Minimally invasive 
methods, including temporomandibular joint (TMJ) 
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arthrocentesis, were first described by Nitzan et  al. in 
1991 [4] and have since been widely used in the man-
agement of TMD. Postarthrocentesis improvements in 
joint sounds, pain, and mandibular mobility have been 
reported, with overall success rates varying between 70 
and 95% [5–12].

Arthrocentesis treatment involves lavage, decompres-
sion, and irrigation of the upper joint space, aiming to 
remove unhealthy synovial fluid and other inflammatory 
components from the joint [13, 14]. To date, skin punc-
ture marks have been derived from cadaver dissections 
and dry skulls, mostly through the discussion of anatomi-
cal points without mentioning entry angles [15, 16]. The 
literature on 3D analysis of arthrocentesis points and 
angles is limited [17]. The traditional method involves 
placing two needles along the line known as the cantal-
tragal line, which runs from the lateral canthus to the tip 
of the tragus; the first needle is placed 10 mm anterior to 
the midtragus and 2 mm below the cantal-tragal line; and 
the second needle is placed anterior to the first [4, 16, 18]. 
This procedure is a blind technique, and some anatomi-
cal landmarks for surface anatomy have been suggested 
[19]. The success of the procedure depends on the correct 
placement of the needles in the joint space and the ability 
to perform effective irrigation.

Arthrocentesis is a fundamental skill in TMJ surgery 
[20], yet it remains a minimal invasive procedure asso-
ciated with complications [21]. Avoiding complications 
and achieving better lavage largely depend on accurate 
positioning of the needles [22]. Moreover, a procedure 
that is safer, more reliable, and easier to perform will also 
enhance patients’ quality of life [20]. Therefore, propos-
ing more reliable anatomical points or entry angles is 
highly important.

The objective of this study was to determine the range 
of angles and depths required for entry into the TMJ 
space using classical Holmlund Hellsing points and the 
two-needle method. The study hypothesizes that the 
ideal needle penetration angles and depths for tempo-
romandibular joint arthrocentesis are different between 
genders or age groups.

Methods
This study was conducted under the ethical approval 
granted by institutional review board (08.12.2023.1703) 
and in accordance with the principles of the Helsinki 
Declaration. Participants were selected among indi-
viduals who visited the Marmara University Faculty of 
Dentistry between January 2020 and November 2023. 
Patients’ demographic information and clinical data 
related to TMD were obtained from the university’s den-
tal faculty patient registration system(Uni-dis, Turkey). 
The inclusion criteria were patients between the ages of 

18 and 65, who had CBCT images including the head 
and neck region, and who had complete demographic 
and clinical information. The exclusion criteria included 
pathological conditions in the condyle, nonexistent or 
insufficient imaging quality, being in in stages IV, and 
V according to the Wilkes classification of TMJ internal 
derangement, prior TMJ surgery, systemic diseases that 
could affect the structure or function of the TMJ, a his-
tory of trauma in the maxillofacial region, or other seri-
ous disorders or deformities affecting the maxillofacial 
area. All patients signed an informed consent form for 
the CBCT scans and the use of these scans for scientific 
purposes.

All CBCT scans were performed using the Planmeca 
Promax 3D Mid device (Planmeca, Helsinki, Finland) 
under a fixed protocol (90 kVp, 9  mA, 18.2  s, 0.20  mm 
voxel size, 160 × 184  mm field of view) with the mouth 
closed. The images were exported using Planmeca 
Romexis Viewer 4.6.2. R software(Planmeca, Helsinki, 
Finland) and processed on a computer equipped with 
Slicer 5.4.0 software [23] in DICOM format. Appropriate 
threshold values were used for soft tissue and mandibular 
bone segmentation and CBCT data were converted from 
DICOM to stereolithography(STL) format. Since open-
ing the mouth as wide as possible during needle inser-
tion provides easy access to the TMJ [4, 13], to mimic 
this clinical scenario, the mandible segment was rotated 
clockwise around the axis passing through the right and 
left condylar heads to simulate mandibular rotational 
movement. The extent of this movement was deter-
mined by the downwards movement of 20  mm in the 
sagittal plane from the cutting edges of the incisor teeth. 
The right temporamandibular joint was selected for 
arthrocentesis in all CBCTs. Classical Holmlund Hells-
ing points were used to identify skin puncture points for 
two-needle TMJ arthrocentesis method. The skin punc-
ture points for the posterior needle(R1) and anterior 
needle(R3) were positioned along the lateral canthus-
tragus line with reference to 10 mm anterior, 2 mm infe-
rior, and 20  mm anterior, 10  mm inferior to the tragus, 
respectively. R1 and R3 were marked on the soft tissue 
segment. Two sylinders with a 21-gauge(0,8 × 38  mm) 
needle size were placed at these points. The needle tips 
were targeted to insert in the upper joint space. For this 
purpose, the needles were directed towards the midpoint 
(C point) of the line connecting the most superior point 
of the glenoid fossa (A point) to the most inferior point 
of the articular eminence (B point) in the sagittal section 
corresponding to the middle of the condylar head. When 
the needle tips were placed at point C, the relationship 
of the needles to the mandibular condyle, the zygomatic 
bone, and the temporal bone was evaluated in axial, coro-
nal, and sagittal sections. In the event of any penetration 
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into the bone structures, the angle and/or depth of the 
needles were changed. The ideal position of the needles 
was determined as the position of the needle tips clos-
est to point C, without any penetration into the bone 
structures.(Figs. 1 and 2) The end points of the posterior 
needle(R2) and anterior needle(R4) were marked. This 
procedure was repeated for both needles with the mouth 
open(when the mandible was rotated 20 mm) and closed 
(when the mandible was not rotated). The depth of the 

posterior and anterior needles was calculated by measur-
ing the distance between R1 and R2 and between R3 and 
R4, respectively.(Figs. 3 and 4).

The axial, coronal, and sagittal planes of each patient 
were redetermined according to anatomical points 
to prevent position differences during scanning from 
causing errors in angle measurement. First, the sagi-
tal plane was defined as the plane passing through the 
anterior nasal spine (ANS), sella (S) and nasion (N). The 

Fig. 1 Positioning the needles with the mouth open in the sagittal section on CBCT. Yellow lines marked the borders of the mandibular segment. 
Point A defined the glenoid fossa’s most superior point, and point B defined the articular eminence’s most inferior point. The middle of the line 
connecting A and B points (C point) was defined by the blue point where the needle tips are directed. The green point showed the posterior 
needle tip (R2), and the red point showed the anterior needle tip (R4)

Fig. 2 Positioning the needles with the mouth open in the coronal section on CBCT. Yellow lines marked the borders of the mandibular segment. 
The blue point (C point) defined where the needle tips are directed. The green point showed the posterior needle tip (R2), and the red point 
showed the anterior needle tip (R4)
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axial plane was defined the plane that passes through 
the bilateral porion (Po) and orbitale inferior (Or) 
points and intersects the sagittal plane perpendicularly. 
The coronal plane was determined as the plane pass-
ing through bilateral porion (Po) points and perpen-
dicularly intersecting the sagittal and axial planes. The 
determined planes were moved to the skin penetration 
points to calculate needle angles. The angles of the nee-
dles with the coronal and axial planes were calculated 
at the R1 for the posterior needle and R3 for the ante-
rior needle.(Figs. 5 and 6) The analyses were conducted 
by an oral and maxillofacial surgeon experienced in 3D 

planning but inexperienced in arthrocentesis, and cali-
brated by another surgeon with over ten years of expe-
rience in both fields.

Measurements of the depths and axial and coronal 
angles of both the anterior and posterior needles were 
taken with the mouth open and closed. The reliability of 
these measurements taken while the mouth was open 
or closed was analysed. The measurements taken while 
the mouth was open were used for analyzes regarding 
age, gender, and TMD. Patients were classified as > 45 
and < 46  years old. The depths and axial and coronal 
angles of the needles were analyzed in relation to age and 
gender. Patients were divided into two groups: those with 
TMD and those without TMD, based on clinical data 
related to TMD. The depths and axial and coronal angles 
of the needles were compared between the two groups.

Consistency among measurements was evaluated 
using SPSS 29.0 for MAC(Chicago, IL, USA), while 
other statistical analyses were conducted using Prism 10 
software(GraphPad, Boston, MA, USA). Five randomly 
selected images were reassessed after a two-week interval 
to evaluate intraobserver agreement. The reliability of the 
measurements taken while the mouth was open or closed 
was analysed using intraclass correlation coefficient(ICC) 
values. For each measurement parameter, the mean or 
median, standard deviation(SD), and variance coefficient 
were calculated to assess the distribution and consistency 
of the data. The variance coefficient, which represents the 
ratio of the standard deviation to the mean, indicates the 
relative variability of the data set. Pearson or Spearman 
correlation analysis was performed to evaluate the corre-
lation of depth and angle with age. An unpaired t-test or 
Mann–Whitney test was performed to assess differences 
between male and female, with and without TMD.

Results
CBCTs of 68 patients met the inclusion criteria. 15 of 
the participants were > 45  years old (22.1%), and 53 
were < 46  years old (77.9%). The average age of these 
participants was 29.5  years(SD:11.1). Forty of the par-
ticipants were women (58.8%), and 28 were men (41.2%). 
Sixteen patients were included in the with TMD group 
(23.5%), while 52 patients had no TMD (76.5%). ICC 
analysis indicated high reliability across all variables, with 
values ranging between 0.85–0.97. Comparisons between 
open and closed mouth measurements showed consist-
ent anterior needle measurements(range:0.91 to 0.93) 
and more variable posterior needle measurements(ICC 
range:0.79 to 0.96), resulting in high ICC values indicat-
ing that these measurements are consistent with each 
other.

The results obtained from the anterior needle meas-
urements were as follows: depth measurements revealed 

Fig. 3 Positioning of the needles with the mouth open

Fig. 4 Positioning of the needles with the mouth close
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a relatively low standard deviation(SD:3.6) and a low 
variance coefficient(12.5%), indicating consistency in 
the measurements. Axial measurements exhibited a 
greater standard deviation(SD:9.1) and variance coef-
ficient(27.2%), suggesting greater variability in these 
measurements. In the coronal images, a high stand-
ard deviation(SD:7.6) and the highest variance coef-
ficient(31.3%) were observed, indicating that these 
measurements varied more significantly than did the 
other measurements(Table 1).

In the measurements made with the posterior needle, 
the depth measurements exhibited a moderate standard 
deviation(SD:3.5) and variance coefficient(13.8%). Axial 
measurements showed a high standard deviation(SD:9.6) 
and variance coefficient(31.6%), while coronal measurements 

revealed a high standard deviation(SD:5.3) and the high-
est variance coefficient(71.4%). These findings indicate that 
depth measurements have less variability than the other 
two measurements but still possess a moderate level of 
variance(Table 1).

A significant weak negative correlation was observed 
between age and the axial angle of the posterior needle. 
(p: 0.028, Pearson r: -0.29) Age did not significantly cor-
relate with the depth, axial, and coronal angles of the 
anterior needle or the depth and coronal angles of the 
posterior needle. (p:0.384, p:0.229, p:0.374, p:0.675, and 
p:0.306, respectively) (Fig. 7).

The anterior needle depth and axial angle of the pos-
terior needle were significantly higher in males than 
females (p:0.037 and 0.014, respectively). The axial and 

Fig. 5 Angle of the needle with the coronal plane. The white line showed the coronal plane; the red line showed the needle; and the green area 
showed the needle’s angle with the coronal plane. a Coronal angle of the posterior needle. b Coronal angle of the anterior needle

Fig. 6 Angle of the needle with the axial plane. The white line showed the axial plane; the red line showed the needle; and the green area showed 
the needle’s angle with the axial plane. a Axial angle of the posterior needle. b Axial angle of the anterior needle
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coronal angles of the anterior needle or the depth and 
coronal angle of the posterior needle were not differ-
ent between genders. (p:0.515, p:0.849, p:0.194, p:0.867, 
respectively).

In patients with TMD, the depth of the anterior needle 
was statistically significantly greater than in those without 
TMD (p:0,03). There was no statistical difference between 
the axial and coronal angles of the anterior needle or the 

depth, axial, and coronal angles of the posterior needle 
between those with and without TMD. (p:0.584, p:0.229, 
p:0.221, p:0.416, and p:0.436, respectively).

Discussion
The primary aim of this study was to determine the 
angle and depth range most likely to facilitate entry into 
the TMJ cavity, a topic that has not been adequately 

Table 1 Summary of needle parameters for temporomandibular joint arthrocentesis using CBCT data

SD Standard deviation, CI Confidence interval, Min Minimum, Max Maximum

Mean Median SD 95% CI Min Max Range Coefficient 
of variation

Anterior needle Lower Upper

 Length 28.7 28.5 3.6 27.8 29.5 22.4 36.4 14.0 12.5%

 Axial 33.3 32.3 9.1 31.1 35.5 12.0 54.6 42.6 27.2%

 Coronal 24.1 24.5 7.6 22.3 26.0 7.5 42.4 34.9 31.3%

Posterior needle
 Length 25.5 25.1 3.5 24.7 26.4 19.6 34.2 14.6 13.8%

 Axial 30.5 29.5 9.6 28.1 32.8 14.2 59.2 45.0 31.6%

 Coronal 7.4 6.7 5.3 6.1 8.6 0.0 24.2 24.2 71.4%

Fig. 7 The correlation analyses of depth and angles with age
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addressed in the literature. This determination was made 
using 3D analysis in conjunction with the classical Hol-
mlund Hellsing line and a two-needle approach. Par-
ticularly for blind procedures, a standardized puncture 
technique can significantly help the operator. However, 
the findings of this research indicate that there is con-
siderable variance in the angle measurements for both 
anterior and posterior needles, making it challenging to 
propose a standard range, even though the variance is 
lower in depth.

Arthrocentesis is considered a minimally invasive 
procedure, but care must still be taken to avoid vascu-
lar and nerve injuries and to carefully assess the roof of 
the glenoid fossa, which separates the upper joint space 
from the neurocranial structures above. Fracture of these 
structures can lead to some significant complications that 
may require immediate hospitalization of the patient for 
monitoring and appropriate treatment [21]. It is therefore 
of great importance to identify approximately safe points 
and depths to access the upper joint space [24].

Arthrocentesis requires needle insertion into the 
upper space of the TMJ. Traditionally, this point is esti-
mated using the surface anatomy of the head. The most 
commonly used references for entering the TMJ are the 
Holmlund-Hellsing line and its associated specific points 
[16, 25]. Many authors have used these points to per-
form TMJ arthrocentesis [4, 26]. However, failures during 
entry attempts due to anatomical variations among dif-
ferent patients have also been reported with this method 
[20]. Palma et  al. reported very low success rates, vary-
ing between 0 and 37.5%, in cadaver studies on fresh or 
formalin-treated cadavers. [27] To facilitate access to 
the joint cavity, the researchers offered various reference 
points and entry techniques [28, 29]. However, the entry 
angle was rarely reported in these studies. Our study 
revealed that when a standard entry point is used, there is 
significant variation in the angles.

This study’s age-related analyses revealed a weak cor-
relation between the axial angle of the posterior nee-
dle and age. No correlation was found between other 
angles, depth measurements and age. Additionally, it 
was observed that there was a difference in needle depth 
between genders, with males exhibiting a higher anterior 
needle depth. Münevveroğlu et  al. examined the classi-
cal Holmlund Hellsing points and two-needle method 
on MRI images. [30] Their findings indicated that there is 
no significant correlation between age and needle depth. 
Needle depths were higher in males than females, similar 
to our study.

One crucial aspect of arthrocentesis is mouth open-
ing, which assists in expanding the joint space and 
facilitates easy access to the TMJ [2, 4]. Various stud-
ies recommend that the mouth be opened as wide as 

possible during needle placement [4, 13, 28]. Consider-
ing that some patients indicated for arthrocentesis have 
limited mouth opening, this should be taken into account 
in three-dimensional planning for the entry position. The 
reliability of the conventional point in the closed mouth 
position has been supported by Palma and colleagues. 
They concluded that the conventional point is not a cor-
rect reference for needle placement when maximum 
mouth opening is not achieved [27]. Virtual access to the 
joint space with the mouth open and closed was achieved 
in this study based on 3D images. However, no significant 
difference in entry angle or depth was observed between 
the closed- and open-mouth positions. A possible reason 
for this difference could be that the assessment was based 
solely on hard tissues. Therefore, extrapolating this result 
to a clinical scenario may not be entirely accurate.

It is well recognized that accessing the superior joint 
space with minimal trauma is necessary for effective irri-
gation [22]. For blind procedures such as arthrocentesis, 
physicians are encouraged to practice the procedure on 
cadavers or simulate it on plastic models before applying 
it to patients [31]. Training on cadavers provides good 
precision [16]. However, due to feasibility challenges, 
this is not always possible. An unforeseen benefit of this 
study is that the researcher(SAE), who was experienced 
in planning but inexperienced in the clinical application 
of arthrocentesis, reported feeling more comfortable 
performing arthrocentesis on subsequent patients after 
planning with CBCT. However, this statement is based 
only on personal experience with few patients. High-
quality clinical studies are needed to evaluate the accu-
racy of these findings.

Strengths of this study include the use of verifiable 
3D data assessed for reliability using intra-observer reli-
ability tests and the absence of postmortem effects com-
monly found in cadaveric studies. Compared to manual 
measurements, 3D program not only precisely meas-
ures distance and angle but also allows for simultaneous 
investigation of various aspects of facial patterns. How-
ever, the main limitations of this study stem from its ret-
rospective cross-sectional design and the nature of the 
imaging modalities used. This study is based on CBCT 
images from a single hospital, which limits the generaliz-
ability of the results. Additionally, the ability of CBCT to 
evaluate only hard tissues, creating a gap in the assess-
ment of soft tissue structures that could be crucial in 
TMJ arthrocentesis.

The study’s findings indicated that there were differ-
ences between the participants, particularly in the angles. 
Despite the fact that arthrocentesis is basically a method 
applied based on clinical examination and needle angles 
are personalized for each patient, planning and imple-
mentation based on CBCT data can make the procedure 
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safer. Although CBCT does not offer as accurate infor-
mation about soft tissues as MRI, it can provide useful 
information on needle depth and angles prior to arthro-
centesis by estimating skin thickness at the appropriate 
threshold value. CBCT can serve as an auxiliary imaging 
tool before an arthrocentesis procedure.

Conclusion
3D analysis of CBCT images revealed considerable vari-
ance in the angle measurements for both anterior and pos-
terior needles, but lower variance in depth. The depths and 
angles of the needles showed no correlation with age.
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