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ABSTRACT  
INTRODUCTION: Nearly all of non-dental related chronic orofacial pain problems are temporomandibular disorders 
(TMDs). TMDs are associated with joint pain, sounds and limitation of mandibular movements. Although TMDs are not life 
threatening conditions; nevertheless they negatively affect the patients’ quality of life making the treatment necessary. 
OBJECTIVE: To assess the effect of intra-articular injection of liquid phase concentrated growth factors (LPCGF), in 
patients with restricted mouth opening associated with irreducible disc displacement (DDwR). 
METHODOLOGY: 12 patients with DDwR and limited mouth opening were enrolled in the study. Patients received an 
intra-articular injection of 2ml LPCGF with a 3D printed stabilization appliance (SA). The patients’ symptoms were assessed 
clinically through Helkimo Anamnestic dysfunction index (Ai) and the maximum mouth opening (MMO) was measured at 

baseline as well as 1 week, 4 weeks, and 12 weeks post-treatment. 
RESULTS: There was a significant relief in symptoms at the 4, and 12 weeks follow-up periods (p = 0.001, p < 0.001 
respectively). The mean of MMO at the baseline was 31.75 mm, while 1 week after the injection it was significantly 
increased to 33.50 mm (p <0.001).Moreover, by 12 weeks, the MMO was significantly improved (p <0.001). 
Conclusion: Intra-articular injection of LPCGF and SA could be considered a management protocol for patients suffering 
from DDwR as it relieved TMD symptoms and increased the MMO. 
KEYWORDS: Temporomandibular disorders, Internal derangement, Growth Factors, Regenerative injection, Maximum 
mouth opening. 
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INTRODUCTION 
Nearly all of non-dental related chronic orofacial 

pain problems are temporomandibular disorders 

(TMDs).TMDs comprise clinical disorders of 

temporomandibular joints (TMJ) and related 
musculature. TMDs are associated with joint 

sounds, pain and limitation of mandibular 

movements. Although TMDs are not life 

threatening conditions; nevertheless they negatively 

impact the patients’ quality of life making the 

treatment mandatory. TMDs fall into three main 

categories; myofascial pain involving discomfort or 

pain in the muscles, joint internal derangement (ID) 

where the disc is displaced, and arthritis.ID is the 

major finding in TMD where the smooth joint 

functions are impaired (1).  
Irreducible disc displacement (DDwR) is 

one of the subtypes of ID, where the disc is 

displaced anterior to the condyle in the closed as 

well as the open-mouth positions resulting in 

interference in mandibular movements. TMJ pain 

as well limitation in mouth opening (MMO) is 

common signs and symptoms associated with 

DDwR (2).  

Recognizing the signs and symptoms 
related to DDwR with its pathogenesis, the 

treatment of this disorder becomes essential. 

Several treatment approaches have been proposed 

from conservative modalities to surgical ones 

which proved their effectiveness in management of 

ID (3-9). However, conservative as well as 

minimally invasive treatment protocols as physical 

therapy, pharmacotherapy, occlusal appliances, 

intra-articular injections or combination of these 

treatments should be applied before any surgical 

interventions (6-9). 
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Among the various designs of occlusal appliances, 

hard stabilization appliance (SA) is proved to be 

effective (10-12) in treating joint pain associated 

with TMDs. Furthermore, several methods (13-18) 

have been suggested for the fabrication of SA 
including conventional methods to the use of 

computer aided designed and manufactured 

(CAD/CAM) ones.  

The injection of autologous blood or its 

derivatives as platelet concentrates (PC) including 

platelet-rich plasma (PRP), platelet-rich fibrin 

(PRF), and plasma rich in growth factors has 

gained attention in the dental field. The theory of 

PC is related to the in situ release of growth factors 

which promote a revolution in regenerative 

medicine (19). 

In 2021, Hamed et al. (20) published a 
systematic review and meta-analysis analyzing the 

available researches addressing the usefulness of 

PCs in pain reduction and MMO scores in patients 

with ID. They stated that PC reduces pain as well 

as increases MMO. 

PC prepared through the centrifugation of 

a blood sample contains various growth factors 

with anti-inflammatory effects and healing 

enhancing properties; hence, stimulate cell 

proliferation and tissue repair (21-26). 

The first generations of PC are PRP and 
plasma rich in growth factors (27, 28) which 

require chemical additives as calcium chloride and 

thrombin to be prepared. In 2000, Choukroun (29) 

introduced the next generation of PC, the PRF. PRF 

is produced by collecting a venous blood sample 

without adding anticoagulant in tubes then 

immediately centrifuged at a fixed speed for 10 

minutes.  

In 2006, Sacco (30) reported concentrated 

growth factor (CGF), a new generation of PC. CGF 

is produced through the centrifugation of blood 

with no additive and with alternating centrifugation 
speeds for 12 minutes resulting in a PC richer in 

growth factors than common PRF.  

Several studies (21- 26)  have described 

the intra-articular injection of PC for management 

of TMDs over years. However, limited studies 

investigated the effectiveness of the LPGCF, the 

latest generation of PC, introduced by Sacco.  

This purpose of our clinical trial is to assess the 

role of intra-articular injection of LPCGF in 

patients with limited mouth opening associated 

with DDwR. 
 

MATERIALS AND METHODS 
Ethical Considerations  

This prospective clinical trial has received approval 

from the Research Ethics Committee, Faculty of 

Dentistry, Alexandria University, Egypt 

(international No.: IORG0008839, ethics 

committee number: 0128-04/2020). Signed consent 

were obtained prior to enrollment in this trial.   

Patients’ Selection  

This study was done at the Department of 

Prosthodontics, Faculty of Dentistry, Alexandria 

University. All patients enrolled had pain in the 

TMJ region. The criteria for inclusion were: (1) 
limited mouth opening (MMO <40mm); (2) 

irreducible disc displacement detected by MRI; (3) 

age between 20 and 40 years old; (4) presence of 

complete or nearly complete set of natural 

dentition; (5) Angle class I occlusion. Subjects 

were excluded if they had: (1) anterior disc 

displacement with reduction confirmed by MRI; (2) 

inability or unwillingness to undergo magnetic 

resonance imaging (MRI) (e.g. implanted 

electronic devices); (3) uncontrolled systemic 

disease, hematologic or neurologic disorders or 

inflammatory diseases; (4) ongoing anticoagulant 
drug therapy; (5) RCP greater than 2mm, and (6) 

open bite.  

Patients were selected with the above 

mentioned strict selection criteria, and examined 

clinically through the Diagnostic Criteria for 

Temporomandibular Disorders (DC/TMDs) (31) 

criteria. Only 12 patients diagnosed as DC/TMDs 

Axis I group II.b indicating DDwR and confirmed 

by MRI were enrolled in this clinical trial. 

(Figure.1) 

Treatment protocol 
Patients received an injection of 2 mL LPCGF in 

the superior joint space, under local anesthesia. In 

addition, the patients received a maxillary 

CAD/CAM hard clear SA (Figure.2) where they 

were instructed to wear the appliance only at night 

for the entire treatment period. The LPCGF was 

prepared from 10 ml the patient’s venous blood 

drawn in plain vacutainers with no additives 

(Figure.3). Centrifugation of the tubes was done at 

alternating speeds for 12 minutes as was suggested 

by Sacco. (Figure.4) 

Intra-articular injection technique   
After auriculotemporal nerve block was given; 

ultrasound- guided injection procedure was done 

using Murakami method (32). Using an 18- gauge 

needle in the superior joint space; the extracted 

2mL of LPCGF was injected. (Figure.5) 

Assessments  

Helkimo Anamnestic Index (Ai) 

TMD symptoms were evaluated using Helkimo 

Anamnestic index (Ai) (33) before any treatment as 

well as after 1 week, 1month, and 3months from 

treatment.      
Maximum Mouth Opening (MMO) 

Assisted MMO was measured prior to any 

treatment as well as after 1 week, 1, 1month, and 

3months from intervention. It was measured as 

follows: the tip of a ruler was placed against the 

mesio-distal center of the incisal edge of the 

mandibular left central incisor, and the distance to 

the mesio-distal center of the incisal edge of the 

maxillary left central incisor was read “unassisted 
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MMO” then the thumb and index fingers were 

placed in a scissors-position to open the mouth 

further if possible “assisted MMO”. The assisted 

MMO was then read and recorded. (31)  

Statistical analysis 
Collected data were analyzed statistically using 

SPSS software package version 20.0. (Armonk, 

NY: IBM Corp) (34). Qualitative data were 

represented using numbers and percentage (%).  As 

for quantitative variables, mean + standard 

deviation were used. Verification of  the normality 

of distribution of the variables was done using the 

Shapiro-Wilk test. For normally distributed 

quantitative data, ANOVA with repeated measures 

test was used, while for abnormally distributed 

quantitative variables, Friedman test was applied. 

Significant level was set at 0.05. 
 

Figure 1: Oblique sagittal PD MRI sequence 

showing: A. anterior disc displacement in closed 

mouth position. B.  in open mouth position where 

the articular disc  

is still anteriorlydisplaced confirming DDwR. 

(articular disc outlined in yellow). 

 
Figure 2: Design of SA on software. A, Uploading 
jaw scan. B, Adjusting splint top. C, Adjusting 

occlusal contacts. D, Finishing the SA design. 

 
 

Figure 3: Showing blood sample in vacutainer. 

 

 
 

Figure 4: Showing collected blood sample in the 

centrifuge. 

 
 

Figure 5: The injection of the prepared 2 ml of 

LPCGF in the superior joint space. 

 
 

Figure 6: Change in Helkimo Anamnestic index 

(Ai) in through the follow-up periods. 

 

 

RESULTS  
Helkimo Anamnestic Index (Ai) 

All patients at the baseline assessment were 

recorded as AiII representing a severe condition. At 
the first follow-up period, after receiving SA in 

conjugation with LPCGF, there was an 

insignificant difference. However, at 1month, and 3 

months, there was a significant relief in TMD 

symptoms. Complete remission of TMD symptoms 

was manifested in 11 patients and graded as Ai0, 

while one patient was graded as AiI showing a mild 

condition. (Figure. 6) 

Maximum Mouth Opening (MMO) 

The mean of MMO at the baseline was 31.75 mm, 

while 1 week after the injection it was significantly 
improved to be 33.50 mm. Furthermore, a 

significant positive effect was found by 1 month, 

and 3 months. (Table 1)   

 

Table 1: Comparison between the different studied 

periods according to Maximum 

Mouth Opening (MMO) 
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DISCUSSION 
TMDs encompass problems related to the TMJ and 

related musculoskeletal structures. The Research 

Diagnostic Criteria for Temporomandibular 

Disorders (RDC/TMDs) categorizes TMDs into 3 
main categories which are muscle disorders, ID and 

osteoarthritis. (2) 

Regarding ID, the most common type is 

the reducible disc displacement. However, DDwR 

presents a more challengeable disorder; specifically 

the type presented with limited mouth opening 

which negatively impacts the patients’ quality of 

life. In DDwR, the disc has been displaced anterior 

to the condyle in the closed as well as the open-

mouth positions which affects the mandibular range 

of motion (1, 2,31). 
The goals for treating patients with DDwR 

should not only be the relief of TMJ pain and 

dysfunction but also the prevention of disease 

aggravation.   

Regenerative injection therapy is an 

injection of growth factors or an injection of a 

substance that induces the body to produce growth 

factors that initiate signaling cascades promoting 

the growth of normal cells and tissue repair (19). 

As a little insight is found on the use of 

LPCGF as a form of regenerative injection for 

patients with DDwR, it was of essence to further 
investigate its effectiveness in the management of 

these patients. This clinical trial was designed to 

assess the effectiveness of LPCGF injection as a 

minimally invasive treatment modality for patients 

with limited mouth opening associated with painful 

DDwR.  

For this purpose, 12 patients were selected 

from those who met the strictly identified selection 

criteria. All patients enrolled in this clinical trial 

had a painful TMJ locking with mouth opening  

less than 40 mm indicating DDwR. (1, 2, 31).  
Thorough diagnosis was done according to the 

DC/TMDs for its diagnostic reliability and validity 

(31). 

Severity of the symptoms was assessed 

clinically at pre-intervention as well as 1 week, 4 

weeks, and 12 weeks after the treatment using the 

Ai due to its simplicity and reliability (33). 

Furthermore, MMO was noted at the same time 

intervals.   

By assessing the data of Ai, a significant 

relief of TMD symptoms was noted. In addition, 

the patients reported pain-free mouth opening. 
These findings go in accordance with Yang et al. 

(35), Al-Delayme et al. (36), Torul et al. (37), and 

Giacomello et al. (38) who described similar effects 

of PC derivatives on TMD symptoms and MMO. 

The improvement in the clinical 

parameters may be due to that intra-articular 

regenerative injection into the joint spaces 

improves the joint micro-environment leading to 

the relief of the TMD symptoms in a short period 

as well as prevention of further progression of the 

ID condition. Moreover, regenerative injections 

inhibit inflammatory biomarkers, produce more 
collagen fibrils, increase the joint space, and 

improve the joint mobility range owing to the in 

situ growth factors (19,35-38). 

Furthermore, the increase in MMO could 

be attributed to the relief of pain, the regain of the 

elasticity within the articular disc that makes it 

foldable not interfering with the condylar 

translation besides the added positive effects of the 

SA in the treatment (39,40). Nevertheless, the 

actual rationale for the improvement remains 

unclear.  
The current preliminary study 

demonstrated a novel treatment protocol for 

patients suffering from DDwR with the LPGCF 

and a CAD/CAM SA which proved to be useful in 

patients with limited MMO associated with DDwR. 

However, future studies are recommended with 

larger sample size and with comparison to other 

treatments. 

 

CONCLUSION 
Intra-articular injection of LPCGF and SA could be 

considered a management protocol for patients 

suffering from DDwR as it relieved TMD 

symptoms and increased the MMO.  
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