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Abstract: This paper is aimed to compare the effects of split-root procedures and bone removal procedures in the extraction 

of mandibular medial vertical impacted third molars. This was a prospective study conducted at the Department of Oral 

Surgery of the Chifeng College Affiliated Hospital on consecutive patients between January 2015 and December 2015. The 

study result showed that the operative time of the split-root group was shorter, and the dental root fracture was less than the 

bone removal group. This study suggested that the short-term outcomes of medial vertical impacted third molar operations 

(facial swelling, pain and mouth opening) differed depending on the surgical approach. 
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1. Introduction 

In early 1966, Archer [1] defined an impacted third 

molars (ITMs) because of malposition or lack of space is 

prevented from erupting into position. Along with the jaw 

degradation, more and more ITMs were found in the 

clinical examination. 

The most popular are Winter’s [2] and Pell and Gregory’s 

[3] systems which classify the height of the mandible ITMs, 

the angulation of the second molar, the occlusal plane and the 

ascending mandibular ramus. 

According to Samira [4] and Ahu [5], the ITMs incidence 

is 54.3% and 54.1% of young adults in Saudi and Turkish. 

The ITMs incidence is up to 68.6% of the Chinese population 

in Singapore [6]. Kruger [7] and Yuasa [8] had claimed that 

the incidence of mandibular ITMs are higher in females. 

Mandibular medial vertical ITMs are one of the ITMs 

classifications. Some studies have reported that the incidence 

of mandibular vertical ITMs accounted for 43.8% of the 

mandibular ITMs in China [9].  

The extraction of mandibular ITMs is one of the most 

frequently performed procedures in oral surgery [3, 7, 10]. 

Generally, most of the surgeries are performed under local 

anesthesia in dental clinics [3, 8, 11]. The surgical removal of 

mandibular ITMs generally produces facial swelling, pain, 

and limited mouth opening [10], which affects the quality of 

life and restricts daily activities of the patient in the short 

term [12]. There are many factors that influence the 

postoperative outcome, but surgical procedure is one of the 

reasons behind this [11, 13, 14, 15, 16, 17]. Many oral and 

maxillofacial surgeons have therefore put stress on better 

facial swelling, pain, and trismus control in patients who 

undergo ITMs extractions [18].  

The extraction of mandibular vertical ITMs can be used on 

the bone removal procedures, and can also be used on the 

split-root procedures. Currently, there has not been a reported 

comparison on the dental root fracture, operative time and 

postoperative complications between the split-root 

procedures and the bone removal procedures in mandibular 

vertical ITMs extraction surgery. 

The purpose of this study was to compare the differences 

of dental root fracture, operative time and possible 

postoperative complications between the split-root 

procedures and the bone removal procedures in mandibular 

vertical ITMs extraction surgeries, and to evaluate the 

advantages and disadvantages of the two procedures. This 

study will provide the best surgical procedure in mandibular 

vertical ITMs extraction surgery. 
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2. Material and Methods 

The present study received approval from the local Ethics 

Committee. The subjects were selected from a pool of patients 

admitted for Oral Surgery treatment between January 2015 and 

December 2015. A prospective study was implemented 

involving 30 healthy patients between 21 and 40 years old. All 

patients signed a statement of informed consent. 

Inclusion Criteria:  

� Male patients were scheduled for a bilateral surgical 

removal of symmetrically placed mandibular ITMs and 

without systemic disease. 

� The ITMs had multiple dental roots in panoramic films. 

� Panoramic radiographs were taken to ensure the 

similarity of the ITMs based on Winter’s classification 

(only vertical positions were used) and the Pell & 

Gregory classification (only class Ⅱ-B were used) [2, 3]. 

� No any contraindications for oral surgery, no 

pericoronitis, and were not taking any medication long-

term. 

Thirty patients (60 mandibular vertical ITMs) were treated 

with autologous about control, and were randomly assigned 

to the experimental group or the control group. The 

experimental group received split-root procedures and the 

control group received bone removal procedures. A coin toss 

determined the surgery sequence procedure. The surgery 

interval was 3 weeks. The dental root fracture, operative 

time, facial swelling, pain and mouth opening were recorded. 

Preoperatively, all patients orally took 150 mg of 

Roxithromycin release capsules 30 minutes prior to surgery 

and used 10 ml of 0.02% chlorhexidine for 2 min. The same 

oral surgeon operated on each patient. A 1.0% povidone-

iodine solution and a 0.02% chlorhexidine rinse were applied 

to the extra-oral and intra-oral antisepsis. The alveolar, 

lingual and long buccal nerve block technique was used for 

achieving effective anaethesia with 2.0% lidocaine with 

1:200,000 epinephrine at the site of the surgery. The gums 

were given an “1” shaped incision and the mucoperiosteal 

flap was raised. When the Split-root group first with 45° 

elevation turbines along the long axis of the ITMs cutting the 

mesial dental root and distal dental root apart. Then the 

mesial dental root was removed, and finally, the distal dental 

root was removed with the elevator. The bone removal group 

first with 45° elevation turbines to remove the distal bone of 

the ITMs, then extract the third molars with elevator or 

dental pliers. All procedures were performed under constant 

irrigation with saline. Socket was cleaned after the tooth was 

removed. The 4-0 absorbable suture was used for 

hermetically suturing the mucoperiosteal flap. One vertical 

ITMs was removed on the first surgical visit and the 

contralateral vertical ITMs was removed two weeks later. 

Post operative instructions included the following. 

� Apply ice pack for 6 hrs after surgery. Practice a soft diet 

for 3 days. Strenuous exercise is prohibited for 3 days.  

� 0.02% Chlorhexidine mouth rinse for one minute thrice 

daily after diet. Roxithromycin release capsules 150 

mg. Ornidazole 500 mg, twice a day for 3 days. 

Ibuprofen Modify-release Capsules were also used as 

the rescue drug. 

� Patients referral on 48 and 120 hrs after surgery. 

Evaluation Criteria: The following variables were 

recorded. 

Operative time:  

The operation time was recorded from the start of the 

cutting of the gums at the site of the ITMs, until the suture at 

the surgical site was completed with a stopwatch. 

Dental root fracture:  

No dental root fracture was recorded 0, breaking one 

dental root was recorded 1, breaking two dental roots were 

recorded 2, and so on. If necessary, shoot apical film 

examination. [15] 

Pain (VAS score):  

A 10-level visual analog scale (VAS) was used for 

assessing patients’ pain intensity (Fig. 1). The scale indicates 

an intensity range from no pain (0) to worst pain (10) [15,19]. 

On the 48th and 120th hours after surgery, the pain rating 

was evaluated. The patients were authorized to take 

analgesics (Ibuprofen Modify-release Capsules 300 mg twice 

a day) in case of pain on the first day after surgery. The 

amount of the analgesia was recorded.  

 

Fig. 1. VAS scale to evaluate pain. 

Facial Swelling:  

Facial swelling was measured by using facial following 

lines. The first line corresponded to the horizontal line (AB) 

joined from the tragus point (A) to the ipsilateral altercation 

point (B). Another vertical line (CD) was joined from the 

ipsilateral outer canthus point (C) of the eye to the 

mandibular angle point (D) (Fig. 2). It was measured with a 

thread and was then transferred on scale [15, 20]. The 

average data of the differences from the postoperative and 

preoperative values was calculated. 

 

Fig. 2. Facial swelling measurement by joining the 2 lines AB and CD. 
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Facial measurements were taken both before surgery and 

on the 48
th

 and 120
th

 hour after surgery. Before surgery and 

postoperatively on the 48 and 120 hrs take the facial 

measurement. The average data of the differences from the 

postoperative and preoperative values was calculated. 

Mouth Opening:  

Mouth opening was assessed by measuring the maximal 

interincisal distance (MID) both before surgery, and on the 

48th and 120th hours after surgery. (Fig. 3). The average data 

of the differences from the postoperative and preoperative 

values was calculated. 

 

Fig. 3. The inter incisal distance between the upper and lower right central 

incisor was measured. 

In order to avoid observer bias, all data was recorded by 

the same independent blinded investigator. The Statistical 

Package for Social Sciences (SPSS) 16.0 for Windows was 

used for analyzing and calculating data. The differences of 

mean operative time, root fracture, facial swelling, pain and 

trismus in the split-root group and bone removal group were 

analyzed using the paired samples T-test. A probability of 

less than 0.05 was considered significant for all tests. 

3. Results 

There was a total of 60 ITMs of the 30 male patients in the 

present study. [Mean age ± standard deviation: 25.86 ± 3.11 

years (range: 21 to 40 years). However, 4 cases of bone 

removal group because removal difficult to split-root 

procedure. 

The statistical analysis revealed that the mean operative 

time of the split-root group was shorter than the bone 

removal group; there was a significant difference between the 

two groups (P＜0.05). There were 5 cases of the dental root 

fracture in the split-root group, while the bone removal 

grouped yielded 13 cases. There was a significant difference 

between the two groups (P＜0.05). (Table 1). The dental root 

fracture of split-root group was 5 cases and the bone removal 

group was 13 cases, there was significant difference between 

the two groups (P＜0.05). (Table 1).  

Table 1. Comparison of the mean operative time and dental root fracture 

with two procedures. 

Groups Cases 
Operative 

time(min) 

Dental root 

fracture 

Split-root group 30 6.12 ± 2.14 0.1 ± 0.24 

Bone removal group 30 8.34 ± 3.56 0.26 ± 0.64 

The pain, facial swelling, and limited mouth opening of 

the split-root group was less severe than that of the bone 

removal group; the mean differences were significant 

(P=0.01, P=0.00 and P=0.00 respectively) on the 48 hours. 

After 120 hours, there was no significant difference of pain 

and facial swelling between the two groups. There was 

however a statistically significant difference (P＜0.05) 

between the two groups on the 120th hour postoperatively, 

with the subjects in the bone removal group showing a 

smaller mouth opening when compared to the split-root 

group. (Table 2, Table 3 and Table 4). 

Table 2. Comparison of the mean pain with the two procedures on the 48th 

and 120th hours. 

Groups Cases 
48 hours after 

surgery 

120 hours after 

surgery 

Split-root group 30 2.42 ± 2.54  0.22 ± 0.34 

Bone removal group 30 4.14 ± 2.76  0.28 ± 0.32 

Table 3. Comparison of the mean facial swelling with the two procedures on the 48th and 120th hours. 

Group Cases 
48 hours after surgery 120 hours after surgery 

The difference of AB The Difference of CD The difference of AB The difference of CD 

Split-root group 30 0.86 ± 0.51 0.95 ± 0.46 0.20 ± 0.12 0.25 ± 0.16 

Bone removal group 30 1.38 ± 0.62 1.24 ± 0.55 0.25 ± 0.20 0.28 ± 0.22 

 

Table 4. Comparison of the mean mouth opening with the two procedures on 

the 48 and 120 hrs. 

Groups Cases 
48 hours after 

surgery 

120 hours after 

surgery 

Split-root group 30 2.25 ± 1.04  0.41 ± 0.44 

Bone removal group 30 4.54 ± 1.16  0.78 ± 0.52 

The amount of Oral Ibuprofen Modify-release Capsules 

postoperatively in patients of the split-root group was less 

than that of the bone removal group; the mean difference was 

significant (P＜0.05) (Table 5). 

Table 5. Comparison of Oral Ibuprofen Modify-release Capsules with the 

two procedures after surgery. 

Groups Cases 
Oral Ibuprofen Modify-release 

Capsules (grams) 

Split-root group 30 0.45 ± 0.44 

Bone removal group 30 0.80 ± 0.73 
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4. Discussion 

The mandibular ITMs are one of the most common oral 

surgery diseases [21]. The ITMs often cause pericoronitis, 

periodontitis, cysts or neoplasms, periapical abscess, and 

resorption of adjacent roots [20]. Thus, most ITMs need to be 

removed [14]. 

The surgical removal of mandibular ITMs generally 

produces facial swelling, pain and a limited mouth opening 

[10]. There are many factors that influence the postoperative 

outcome (such as patient age, gender, weight and dental 

factors) [8, 19, 21, 22, 23, 24]. In order to reduce the impact 

of many factors of surgical complications in the extraction of 

ITMs, the inclusion criteria of these cases were male patients 

between 21 and 40 years old [mean age ± standard deviation: 

25.86 ± 3.11] scheduled for the bilateral surgical removal of 

symmetrically placed mandibular ITMs, similar weight, no 

ethnic differences, no pericoronitis and were not taking any 

medication long-term in the present study. All data was 

recorded by the same independent blinded investigator. The 

methodology used in the present study was more specific to 

avoid bias and to improve the reliability of the results. 

Some studies have reported that the incidence of 

mandibular vertical ITMs accounted for 43.8% of the 

mandibular ITMs in China [9]. We found that the removal of 

mandibular vertical ITMs with multiple dental roots can use 

the bone removal procedure and/or the split-root procedure. 

The principles of the two procedures are different. Bone 

removal procedure first with turbines to remove the distal 

bone of ITMs, then extract the third molars with elevator or 

dental pliers. However, split-root procedure first with 

turbines cutting tooth to the mesial dental root and distal 

dental root apart, the mesial dental root lose distal resistance, 

then remove the mesial dental root. Concurrently, the distal 

dental root lose mesial resistance, and finally remove the 

distal dental root with elevator or dental pliers. According to 

clinical observations, the surgical trauma, dental root fracture 

and postoperative complications of the split-root procedure 

were less than the bone removal procedure. The results of the 

present study are consistent with the clinical observations, 

which is in agreement with the findings reported by Ren-yi 

SUN [15]. 

The operative time and dental root fracture of the split-root 

procedure were less than the bone removal procedure in the 

present study, which related to the surgical accidents [15]. 

When extracted mandibular medial vertical ITMs applied the 

bone removal procedure, the operative time was shorter if the 

dental root had a small furcation. Reversely, the operative 

time was longer if the dental root had a big furcation. At the 

same time, the bone removal increased surgical trauma in 

addition. While the effect of dental root furcation in the split-

root procedure was less than bone removal procedure. 

Therefore, the operation time of the split-root procedure was 

short. 

The pain, facial swelling, limited mouth opening and Oral 

Ibuprofen Modify- release Capsules of the split-root group 

was less severe than that of the bone removal group on the 

48th hour postoperatively. This finding may be attributed to 

secondary postoperative hypersensitivity [17], which may be 

related to the longer operation time and surgical trauma [10, 

13, 14, 15, 22, 25]. After 120 hours, there was no significant 

difference of pain and facial swelling between the two 

groups. However, the bone removal group showed a smaller 

mouth opening compared to the split-root group, which may 

be related to the longer operation time, surgical trauma and 

jemporomandibular joint damage [10, 15, 19]. However, this 

issue needs to be investigated in further studies. In the 

present study, 8 cases of jemporomandibular joint damage 

were observed in the bone removal group, while only 2 cases 

of jemporomandibular joint damage were observed in the 

split-root group, which may be related to the larger force of 

using the elevator. After a reasonable treatment, 10 patients 

recovered after two weeks. 

Although the postoperative complications of the split-

root procedure were less severe than that of the bone 

removal procedure, there are limitations in the split-root 

procedure. First, the split-root procedure is difficult if the 

dental root has a small and low furcation. It will be 

increased the surgery difficulty if the split-root fails. 

Second, the split-root procedure requires a long bur 

(25mm), which is easy to damage the bone below the dental 

root furcation and the bone both sides of ITMs. This 

procedure required oral and maxillofacial surgeons to 

accurately determine the location of the alveolar bone. 

Finally, the mouth opening of patients was larger in the 

split-root group than the bone removal group [15]. 

According to the author's clinical experience, the bone 

removal procedure should be used if the dental root of the 

mandibular medial vertical ITMs has a small and low 

furcation. This method can improve the operation efficiency. 

The split-root procedure should be used if the dental root has 

a big furcation. This procedure can reduce surgical trauma 

and the difficulty of surgery operation. 

5. Conclusion 

Based on the findings of the present study, the operative 

time of the split-root procedure is shorter. The dental root 

fracture and postoperative complications of the split-root 

procedure were less common in the extraction of mandibular 

medial vertical ITMs with multiple dental roots. The short-

term outcomes of medial vertical impacted third molar 

operations (facial swelling, pain and mouth opening) differed 

depending on the surgical approach. However, due to the 

limitation of the present study, the results should be 

interpreted with caution. Further studies should be carried out 

by associations between operation time and 

jemporomandibular joint damage of mandibular ITMs 

extractions. 
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