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EFFECTS OF ALTITUDE AND RELATIVE HYPOXIA ON POST-EXTRACTION 3 

SOCKET WOUND HEALING: A CLINICAL PILOT STUDY 4 
 5 
 6 

ABSTRACT 7 

Background 8 

Prolonged hypoxia is known to delay wound healing and in places of high altitudes, hypoxia is a 9 

major physiologic challenge. It is however yet to be seen if relative hypoxia in high altitude areas 10 

influences intraoral wound healing. 11 

Aim 12 

A prospective study aimed to evaluate the clinical pattern of healing of post-extraction socket 13 

wound following simple extraction in an established high altitude location. 14 

Methodology 15 

Thirty-one patients referred to oral surgery clinic for simple (intra-alveolar) exodontia were 16 

included in this study. The patients’ bio data, indications for extraction and the tooth or teeth to be 17 

extracted were documented on the day of treatment. Simple extractions were performed and 18 

patients given post-operative instructions without antibiotics. They were subsequently assessed 19 

on days 3 and 7 post-extraction for alveoli wound healing. Data recorded were: presence or 20 

absence of pain, day of pain onset, duration of pain, type of healing complication and body 21 

temperature.  22 

Results 23 

Fifty-one extraction sockets were evaluated for alveolus healing during the course of the study. 24 

The mean age of the patients was 42.84±12.8 years and caries was the commonest indications 25 

for extraction. Out of these, 39 (76%) healed uneventfully, whereas 12 (24%) developed healing 26 

complications. Alveolar osteitis (dry socket) accounted for 9 (18%) and acutely infected alveoli 3 27 

(6%) of the complications. Posterior teeth have the highest incidence of complications (67%). 28 

Pain in patients with alveolar osteitis lasted for more than 5 days whereas acutely infected alveoli 29 

presented with only mild pain, which lasted not more than 3 days. 30 

Conclusion 31 

Uneventful healing occurred in most of the alveoli assessed in this study. However, this was 32 

lower than what has been previously reported in the literatures. In addition, the 18% incidence of 33 

dry socket recorded in our study is far more than what other previous studies observed in lowland 34 

regions. We can therefore conclude from this study that more complications of alveolar healing 35 

are more likely from high altitude areas. 36 

 37 
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1. INTRODUCTION 39 

Healing of extraction sockets is well reported in the literature [1-5]. This involves 5 overlapping 40 

stages as described by Amler [1]. There is an initial formation of clot filling the socket, followed by 41 

replacement of the clot with healthy granulation tissue; this in turn is replaced by connective 42 

tissue in the third stage. Bone formation begins in the fourth stage and then the regeneration of 43 

epithelium to finally close the socket in the final stage of healing between 24 and 35 days after 44 

extraction. This normal healing progression can be disturbed at any of the stages resulting in 45 

various complications [1,2]. 46 

 47 

Wound healing in general is influenced by both local and systemic factors [6]. Among the local 48 

factors, the initial hypoxia (low oxygen availability) that occurs after injury is known to trigger 49 

wound healing, however, prolonged hypoxia on the other hand delays wound healing [7,8].  In 50 

areas and locations of high altitude, hypoxia is the main physiologic challenge [9], and people 51 

inhabiting such places inhale low fractional inspired oxygen tension, which may lead to 52 

hypoxemia [10]. 53 

 54 

Abha, a city located in Aseer province of Saudi Arabia is situated on Aseer Mountains at an 55 

altitude of 2800 - 3150 m above sea level making it one of the highest inhabited plateaus in Saudi 56 

Arabia [11]. It is therefore designated as a high altitude area [11,12]. 57 

 58 

Tooth extraction is undoubtedly the commonest procedure carried out in oral surgery clinics and 59 

uneventful healing of the extraction socket is the desire of every dental surgeon. The effect of 60 

hypoxia on wound healing is well established, however, it remains to be seen if the relative 61 

hypoxia as a result of high altitude has any influence on the intra oral healing of extraction 62 

sockets. 63 

 64 

The main objective of this study therefore is to evaluate the clinical pattern of healing of post-65 

extraction socket wound following simple extraction in an established high altitude location. This 66 

intends to show the effects of altitude and its attendant hypoxia on extraction socket wound 67 

healing. 68 

 69 

2. MATERIAL AND METHODS 70 

Patients visiting the Oral Surgery Clinic of King Khalid University for routine simple extraction 71 

were included in this study. Exclusion criteria: patients with impacted teeth; those already taking 72 

antibiotics; those with medical history of debilitating systemic diseases like diabetes mellitus; 73 

those on steroid therapy; those with history of radiotherapy to the head and neck; and those with 74 

social habits of smoking and alcohol consumption.   75 
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After obtaining the patients consents to participate in the study, extractions were performed under 76 

local anesthesia with dental forceps and elevators. Post-operative instructions were given to the 77 

patients and only analgesics prescribed. They were then evaluated for socket and alveolus 78 

healing on days 3 and 7 after extraction. During the evaluation, each patient was assessed for 79 

alveolus infection and presence or absence of pain.  80 

Pain felt by the patients for the post-operative period was graded using a 4-point verbal rating 81 

scale (VRS) questionnaire: “no pain” (patient experiences no pain); “mild pain” (pain almost 82 

unnoticeable); “moderate pain” (noticeable pain but patient can still engage in routine daily 83 

activities); “severe pain” (pain very noticeable and disturbs patient’s daily routine)[2]. 84 

The alveolus were also evaluated and categorized accordingly into Alveolar Osteitis, Acutely 85 

Inflammed Alveolus, Acutely Infected Alveolus and Normal Healing Alveolus. 86 

A questionnaire containing the above-mentioned items was completed for each patient on the 87 

various days of evaluation. The data generated were then analyzed statistically using Microsoft 88 

Excel package. 89 

 90 

3. RESULTS 91 

Thirty-one patients with a total of 51 extractions were seen during the course of this study. These 92 

were patients attending the outpatient oral surgery clinic of King Khalid University Hospital Abha, 93 

Saudi Arabia. The mean age of the patients was 42.84±12.8 years with an age range of 18 – 75 94 

years. Most of the patients (37%) were in the 41 – 50 years age range (Fig. 1). 95 

Dental caries was the major indication for extraction accounting for 57% (29 extractions) of the 96 

cases seen and was followed by retained/remaining roots (33%), which is also one of the 97 

sequalae of dental caries (Fig. 2).  98 

 99 

The extraction sockets were assessed for healing and out of the 51 extraction sites, 39 (76%) 100 

healed uneventfully, whereas 12 (24%) developed healing complications. Alveolar osteitis (dry 101 

socket) accounted for 9 (18%) and acutely infected alveoli 3 (6%) of the complications (Fig 3). 102 

Considering the complications alone, Alveolar osteitis constituted 75% of all the complications 103 

and acutely infected alveoli the remaining 25%. 104 

The distribution of the healing complications according to the tooth types is shown in table 1 with 105 

molars being the most affected (42%).  106 

 107 

Normal Healing Alveoli: Thirty-nine post extraction sockets healed without complications. Out of 108 

these, 67% (26 alveoli) reported “no pain” throughout the 7 days follow up period. Nine (23%) 109 

experienced mild pain, 2 (5%) had moderate pain and 2 (5%) severe pain. None of these pain 110 

experiences exceeded the third day post extraction. 111 

 112 
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Alveolar Osteitis (Dry Socket): Nine alveoli developed dry socket and the mean age of patients 113 

with this complication is 49±2.5 years. Out of these alveoli, 7 (78%) had mild pain, whereas 1 114 

(11%) each had moderate and severe pain. Onset of pain was in the second post extraction day 115 

and the pain lasted for a minimum of 5 days. Apart from pain, other clinical features seen were 116 

disintegrated clot in the socket, empty socket in some cases and foul smell. 117 

 118 

Acutely Infected Alveoli: Only 3 (25%) had this complication. They all had mild pain, which 119 

started on the first day post extraction and did not last for more than 3 days. The clinical features 120 

seen were exudate and mild soft tissue swelling around the sockets. 121 

 122 

 123 

 124 

 125 

Fig. 1: Age Range of Patients in the Study 126 

 127 
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 130 

Fig. 2: Indications for Extraction  *Key – [Perio: Periodontal disease; Prostho: Prosthetic Reasons] 131 
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 136 

Fig. 3: Healing Status in the Extraction Alveoli 137 
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 143 

Socket Healing Complications 

 Dry socket Infected Socket Inflamed Socket Total (%) 

Incisors 2 0 0 2 (16.67) 

Canine 2 0 0 2 (16.67) 

Pre Molars 3 0 0 3 (25.00) 

Molars 2 3 0 5 (41.67) 

Total 9 3 0 12 (100) 

 144 

Table 1: Socket Healing Complications and Types of Teeth Involved 145 

 146 

 147 

4. DISCUSSION 148 

Tooth extraction or exodontia is the commonest dental procedure carried out by Oral Surgeons in 149 

the dental offices and the main indication for this procedure is usually dental caries along with its 150 

sequalae like retained/remaining roots [2,5]. Proper and adequate healing of the ensuing socket 151 

wound is desirable to enhance subsequent procedures like implant placements and other 152 

prosthetic rehabilitations [1,13]. Ordinarily, most of the extraction socket wounds heal uneventfully 153 

and rapidly too, as is the case with our study, where 76% healed without complications. However, 154 

the percentage of uneventful healing recorded from our study is far lower than what had been 155 

documented from previous studies carried out in low land areas. Adeyemo et al [2] reported 89%, 156 

whereas Oginni et al [14] reported about 96% of normal uneventful healing. This implies that the 157 

24% complications observed in this present study, far exceeds what other studies have reported 158 

[2,14,15,16]. 159 

Alveolar osteitis (dry socket) is generally believed to be the commonest occurring healing 160 

complications post extraction [2]. This assertion is corroborated by our study in which alveolar 161 

osteitis constituted 75% of all the complications seen and it also agrees with what has been 162 

previously reported [2]. This complication occurred mostly in molars and premolars and the mean 163 

age of the affected patients was 49±2.5 years. What is different from our study however, is the 164 

incidence of alveolar osteitis, which is 18% of the total number of the extracted teeth. This far 165 

exceeds the incidence of 8.1% reported by Adeyemo et al [2] and 4.1% observed by Oginni et al 166 

[14]! This then raises the question as to what could have been responsible for such a high 167 

incidence of alveolar osteitis in our region? 168 
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Wound healing is influenced by a host of factors ranging from local to systemic and also intrinsic 169 

and extrinsic factors [6-8]. In this present study, we tried to exclude patients with some of the 170 

factors that could alter the extraction socket healing like alcohol consumption, tobacco use, 171 

debilitating systemic diseases, radiotherapy to the head and neck region, and immune lowering 172 

drugs (e.g. steroids) [17-20]. High levels of infection control measures were also adopted during 173 

the tooth extraction procedures to control for some of the extrinsic factors that could influence 174 

healing. With these factors eliminated, one can therefore assume that another major factor that 175 

could possibly influence the progress of the socket wound healing is relative hypoxia, which is 176 

peculiar to our environment because of its high altitude location.  Our city Abha, is designated as 177 

a high altitude area because it is situated on Aseer mountains at an altitude of 2,800 to 3150 178 

meters above sea level [11,12]. 179 

People that inhabit areas of high altitudes are known to inhale low fractional inspired oxygen 180 

tension, which may lead to hypoxia [10]. It has been established also that prolonged hypoxia in 181 

turn delays wound healing generally [7,8]. We cannot however attribute all the results of this 182 

study to the effects of hypoxia, as there are other confounding factors that may have likely 183 

influenced the healing process also. Patient’s inability to follow post-operative instructions and 184 

observe good oral hygiene principles are but a few other factors that could interrupt socket 185 

healing thereby leading to various complications. 186 

We did not observe other complications of extraction sockets healing like acutely inflamed alveoli, 187 

necrotizing osteitis and fibrous healing as documented by other authors [1,2]. This may be due to 188 

the short duration of our study and the small number of patients seen. 189 

 190 

5. Conclusion 191 

Uneventful healing occurred in most of the alveoli assessed in this study. However, this was 192 

lower than what has been previously reported in the literatures. In addition, the 18% incidence of 193 

dry socket recorded in our study is far more than what other previous studies observed in lowland 194 

regions. We can therefore conclude from the present study that complications of extraction socket 195 

healing are more likely to occur in patients inhabiting high altitude areas.  196 

 197 

6. LIMITATIONS 198 

The number of patients assessed in this study was few and for a short duration also. In order to 199 

draw reasonable conclusions, more patients need to be included and the study done for a longer 200 

period of time. 201 

 202 
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