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Abstract
Background. Mandibular fractures are the most common facial fractures. They can be treated by con-
servative techniques or  by  surgery. The  authors hypothesized that the  application of  a  single local dose 
of strontium chloride would accelerate the healing of subcondylar mandibular fractures, shorten the recov-
ery time and prevent complications.

Objectives. The aim of the present pilot study was to evaluate the effects of a single local dose of stron-
tium chloride on the healing of subcondylar mandibular fractures in rats.

Material and methods. This randomized experimental study was carried out on 24 male Wistar albino 
rats. The rats were randomly divided into 3 groups: experimental group 1, receiving 3% strontium chloride; 
experimental group 2, receiving 5% strontium chloride; and the  control group. A  full thickness surgical 
osteotomy was created in the subcondylar area. A single dose of strontium solution (0.3 cc/site) was ad-
ministered locally by injection on the bone surfaces of the fracture line created. Nothing was administered 
to the control group. The mandibles were dissected on postoperative day 21. The fractured hemimandibles 
were submitted to histopathological examination.

Results. The median bone fracture healing score was 9 (range: 7–9) in experimental group 1; 8 (range: 
7–10) in experimental group 2; and 7.50 (range: 7–8) in the control group. When the groups were com-
pared in terms of bone healing scores, there was a statistically significant difference between experimental 
group 1 and the control group (p < 0.05).

Conclusions. This study is the first to show that local strontium may have positive effects on the healing 
of subcondylar mandibular fractures. In the authors' opinion, 3% strontium was beneficial for accelerating 
facial skeleton consolidation and bone regeneration in rat subcondylar mandibular fractures. This treatment 
procedure may be combined with closed fracture treatment or a conservative approach.
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Mandibular fractures are the most common facial frac-
tures in facial trauma and account for 23–97% of all fa-
cial fractures.1 In the mandible and maxillofacial region, 
fractures of  the  mandibular condylar processes, which 
account for 25–35% of  all mandibular fractures, are 
the most common fractures.2 

Re-establishing anatomy, providing stabilization and 
restoring functionality with the  least morbidity are 
the  therapeutic targets of  condylar fracture manage-
ment.3 These fractures can be treated using a  conser-
vative technique (closed reduction) or  by  surgery.2,4,5 

Generally, in  the  treatment of  subcondylar mandibular 
fractures, external fixation with arch bars is performed 
for 3 weeks in non-displaced fractures (except when open 
reduction and internal fixation is indicated) and 6 weeks 
in displaced fractures.

Closed treatment requires a period of maxillomandibu-
lar fixation, followed by active physiotherapy. The closed 
reduction method may lead to  complications such as 
pain, arthritis, an open bite, deviation of  the  mandible 
on opening, inadequate restoration of the vertical height 
of  the  ramus leading to  malocclusion, and ankyloses 
in the long term. 

Strontium salts are elements acting as secondary mes-
sengers and competing with calcium in  the  organism. 
Strontium is  structurally similar to  calcium and helps 
build bone. The positive effect of strontium on bone for-
mation has been known since 1950.6 Systemic adminis-
tration of strontium has been reported to have a positive 
effect on bone healing by increasing osteoblastic activity 
and decreasing osteoclastic activity.7

The  aim of  the  present pilot study was to  evaluate 
the  effects of  a  single local dose of  strontium chloride 
on  the  healing of  subcondylar mandibular fractures 
in rats. The authors hypothesized that applying a single lo-
cal dose of 3% or 5% strontium chloride (SC) would accele- 
rate the  healing of  subcondylar mandibular fractures, 
shorten the recovery time and prevent complications. 

Material and methods 

The experimental animals 

The  study protocol was approved by  the  Institutional 
Review and Animal Ethics Committee of the Cumhuriyet 
University School of Medicine (Sivas, Turkey), and the study 
was conducted according to  “Guide for the Care and Use 
of Laboratory Animals”.8

In this study, a randomized experimental protocol was 
used. The  study was carried out on 24 male Wistar al-
bino rats, aged 16–18 weeks, with an average body weight 
of 230 ±10 g. The rats were randomly divided into 3 groups: 
experimental group 1, receiving 3% SC (0.3 cc/site,  
n = 8); experimental group 2, receiving 5% SC (0.3 cc/site,  
n = 8); and the control group (n = 8).

The  rats were housed in  standard laboratory condi-
tions (12 h light/dark cycles, 24 ±2°C, 35–60% humidity). 
Because of the broken jaws, all the animals were fed only 
soft food and water during the first 7 days of the experi-
ment. The  animals resumed normal diets (a  standard 
laboratory diet and drinking water) after the 1st week.

The drug and chemicals 

Strontium chloride was obtained from Sigma Chemical 
Co. (St. Louis, USA). This reagent was dissolved in saline 
and the  purity of  all the  chemical reagents was at  least 
analytical grade. The strontium solution (0.3 cc/site) was 
administered locally by  injection on  the  bone surfaces 
of the fracture lines created.

Operation procedure and study protocol 

The animals were anesthetized with intraperitoneal in-
jections (7.5 mg/kg) of ketamine (Ketalar®, Pfizer Turkey, 
Istanbul, Turkey) and intramuscular injections (6 mg/kg) 
of  xylazine (Rompun®, Bayer, Istanbul, Turkey). In  each 
rat, the right buccal area was shaved and prepared with an 
antiseptic solution (povidone iodine). Following an approx. 
10 mm incision made along the inferior border of the man-
dible and the division of the masseter muscle, a full thick-
ness surgical osteotomy was created using mosquito 
forceps in  the  subcondylar area, which was confirmed 
by  condyle fragment mobility. Hemostasis was induced 
both on the fracture line and the connected soft tissues, and 
a single dose of 3% SC (0.3 cc/site) was administered by in-
jection to experimental group 1 (n = 8); and 5% SC (0.3 cc/
site) was administered to  experimental group 2 (n  =  8). 
Nothing was administered to  the  control group (n  =  8).

The wounds were not syringed and no debris was re-
moved. Finally, the skin flaps were replaced and sutured. 
All the rats were administered intramuscular penicillin 
injections during the first 3 days after the operation. 

After postoperative day 21, the  animals were eutha-
nized with intraperitonial injections of pentothal sodium 
(200 mg/kg). The mandibles were then dissected, all soft 
tissues were removed, and the fractured hemimandibles 
were submitted for histopathological examination. 

Histopathological examinations

The histologic analyses were performed by 2 patholo-
gists (HO, ET) who were blind to the samples. All the tis-
sue examples were immediately fixed in  10% formalin. 
After fixation, the specimens were kept in 10% nitric acid. 
Decalcification was complete in  4  days and the  speci-
mens were embedded in  paraffin. The  specimens were 
cut in  the  sagittal sections into 5-µm-thick sections, 
transferred to  slides for conventional hematoxylin-eosin 
(H&E) staining and examined by light microscopy (Eclipse 
80İ, Nikon Instruments Inc., Tokyo, Japan). A digital cam-
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era and auxiliary equipment (Nikon USB (H) EXT 1/0, 
Nikon Instruments Inc., Tokyo, Japan) were used with 
the microscope to obtain digital images of the sections.

The  amount of  the  ossification for each section was 
scored on a grading scale ranging from 1 point (fibrous 
tissue) to 10 points (mature bone), as described by Huo 
and Troiano (Table 1).9

Statistical analysis

The data were analyzed using SPSS software for Windows 
(v. 22.0, SPSS Inc., Chicago, USA). Sections of all the speci-
mens stained with hematoxylin-eosin were scored. The ave- 
rage scores were calculated for both groups and the  dif-
ferences between the  groups were analyzed statistically. 
The  data was expressed as mean, median and minimum-
maximum. All of the group differences were analyzed with 
the Kruskal-Wallis test to investigate the cause of the discre- 
pancy (p < 0.05) encountered with the Mann-Whitney U test. 

Results

Three days after surgery, 2 rats in experimental group 1, 
1  rat in  the  control group and 2  rats in  experimental 
group  2 died due to  dehydration and nutritional prob-

lems. Thus, no histological examination was performed 
on these rats. As a result, 6 rats in experimental group 1, 
7 rats in experimental group 2, and 6 rats in the control 
group were included in  the  study. The  application was 
well tolerated by all the rats and there was no significant 
weight loss until the day they were sacrificed. 

With regard to  bone fracture healing, the  histological 
scores of all the specimens stained with hematoxylin-eo-
sin are given in Table 2. Histopathological examination re-
vealed immature (woven) bone and small amounts of ma-

Table 2. Histological scores for fracture healing in all three groups 

Groups Min Max Median Mode Mean p-value (KW) p-value (MW)

Experimental group 1 (n = 6) 7 9 9 9 8.67 ±0.82

0.014*

1.000a

Experimental group 2 (n = 7) 7 10 8 10 8.57 ±1.40 0.234b

Control group (n = 6) 7 8 7.5 7 7.50 ±0.55 0.026c

* – differences in all groups were analyzed by the Kruskal-Wallis test; a – experimental groups 1 and 2 were analyzed by the Mann-Whitney U test; b – experimental 
group 2 and control group were analyzed by the Mann-Whitney U test; c – experimental group 1 and control group were analyzed by the Mann-Whitney U test.

Table 1. Histological scoring system for the evaluation of fracture healing

Score Histological findings in the fracture zone

1 point fibrous tissue

2 points mainly fibrous tissue and small amounts of cartilage tissue

3 points equal amounts of fibrous and cartilage tissue

4 points entirely cartilage tissue

5 points
mainly cartilage tissue and small amounts  

of immature (woven) bone 

6 points equal amounts of cartilage tissue and immature bone

7 points significant immature bone and small amounts of cartilage

8 points entirely immature bone

9 points immature bone and small amounts of mature bone

10 points mature (lamellar) bone

Fig. 1. A histological section from the experimental group 1 treated 
with 3% SC; immature (woven) bone and small amounts of mature bone 
formation (score: 9; HE; ×200)

Fig. 2. A histological section from the control group; significant immature 
(woven) bone and small amounts of cartilage formation (score: 7; HE; ×100)
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ture bone formation in experimental group 1 (Fig. 1), and 
significant immature (woven) bone and small amounts 
of cartilage formation in the control group (Fig. 2). 

The median bone fracture healing score was 9 (range: 
7–9). There was immature bone and small amounts 
of mature bone in experimental group 1, with a median 
healing score of 9 (range: 7–9); completely immature (wo-
ven) bone in experimental group 2, with a median healing 
score of 8 (range: 7–10); and significant immature (wo-
ven) bone and small amounts of cartilage in the control 
group, with a median healing score of 7.50 (range: 7–8). 
When the groups were compared in terms of bone heal-
ing scores, there were no statistical differences between 
experimental groups 1 and 2 or between the experimen-
tal group 2 and the control group, while there was a sta-
tistically significant difference between the experimental 
group 1 and the control group (p < 0.05).

Discussion

This study was designed to investigate the impact of a sin-
gle application of 3% and 5% SC on bone healing and the his-
tologic characteristics of  the  new bone induced by  these 
applications. The  results showed a  statistically signifi- 
cant difference between the controls and the rats treated 
with a single dose of 3% SC in terms of mean bone frac-
ture healing score. It was remarkable that there were rats 
with mature (lamellar) bone formation in the group treat-
ed with 1 application of 5% SC. However, the controls and 
the group treated with 5% SC did not show any statistically 
significant difference in terms of bone healing scores. 

Strontium, which has a  strong affinity for hydroxyapa-
tite, is an alkaline metal cation.10 The similarity of stron-
tium to calcium allows strontium to be incorporated into 
the mineral phase of bone. The positive effect of stron-
tium on  bone homeostasis was shown in  some studies 
conducted in the 1950s.6

Awareness of  the  biological role of  strontium has in-
creased in  recent years.11,12 Physiological bone regen-
eration, a  coordinated process, is  maintained by  bone-
forming osteoblasts and bone-resorbing osteoclasts. 
The 2 factors produced by osteoblasts forming the bone: 
receptor activator NF-κB ligand (RANKL) and osteopro-
tegerin (OPG) control the  activity and differentiation 
of osteoclasts.14–16 The bone-building action of strontium 
works by  down-regulating osteoclastogenesis, modulat-
ing the RANKL/OPG balancing system.7,13 These effects 
of strontium have attracted the attention of many research-
ers, and many studies have been conducted on the local 
and systemic use of strontium. It has been reported that 
applying strontium systematically increases peri-implant 
bone volume and implant pullout ability in animal sub-
jects with bone-integrated implants.17,18 It has also been 
demonstrated that bioactive glass and glass-ceramics 
that include local strontium show biocompatibility.19–22 

The  positive effects of  strontium on  peri-implant bone 
formation have led researchers to  develop various me- 
thods of local strontium administration. These methods 
include strontium-substituted hydroxyapatite implants, 
modification of metal oxide layers with a strontium-con-
taining salt, generation of strontium titanate nanotubes 
on  the  surfaces of  metal implants, bioactive glass com-
prising strontium, and incorporation of  strontium into 
metal oxide layers on implant surfaces.23–27

Strontium that is incorporated into bone cements has 
been found to improve bone formation and reduce bone re-
sorption in vivo.28 Sabareeswaran et al. investigated the bio-
active fixation of  strontium-containing glass ceramics 
and found out that it led to osseointegration during short-
term implementation.29 

Schumacher et al. investigated the effect of strontium(II) 
released from calcium phosphate bone cement on primary 
human mesenchymal stem cells and reported that it could 
be useful for local therapy, particularly in  osteoporotic 
bone.30

Al-Duliamy et al. studied the effects of  locally inject-
ed strontium on the anchoring unit of experimental re-
lapsed tooth movement in a rat model. They noted that 
the  strontium injections led to  significant inhibition 
of both tooth movement and relapse movement, and that 
“histological examinations showed that strontium en-
hanced the number of osteoblasts and reduced the num-
ber of osteoclasts”.31 

Forsgren et al. showed that incorporating strontium 
into the surfaces of orthopedic and dental implants ac-
celerated bone healing.24 Hao et al. found that the  use 
of strontium hydroxyapatite and alginate in an injectable 
in  situ gel-forming system resulted in  shorter healing 
times in  a  rat calvarial model compared with conven-
tional graft surgery, and that the animals showed no signs 
of inflammation.32 They also stated that this in situ gel-
forming system could be an advantageous and minimally 
invasive process for local bone augmentation.

Conclusions

Treating subcondylar fractures is  a  controversial is-
sue.33 It can be conducted in 2 different ways: by conser-
vative methods or surgically. For decades, closed reduc-
tion has been the  preferred treatment. However, closed 
treatment requires varying periods of maxillomandibular 
fixation (up to 4 weeks) and involves the risk of long-term 
complications such as pain, ankylosis, internal derange-
ment of  the  temporomandibular joint, as well as inad-
equate restoration of  the vertical height of  the ramus.34 

Therefore, in  recent years, there has been an increase 
in the number of studies indicating that surgery should 
be the  preferred treatment in  subcondylar mandibular 
fractures. The controversy over the treatment of condylar 
fractures is based on 3 main factors: 1) the age of the frac-
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ture incidence; 2) the pattern of deviation of the fracture; 
and 3) the level of the fracture. In some cases, a conserva-
tive approach should still be the preferred treatment. 

With this in mind, the current authors employed single 
applications of  3% and 5% strontium, thinking it  would 
shorten the  treatment time in  cases undergoing conser-
vative treatment. In  the  studies mentioned above, local 
administration of  strontium has been effective in ortho-
pedics and dental implants. Similarly, the  current study 
showed that 3% strontium applied over the fracture surface 
in the mandible accelerated healing histopathologically.

This study is the first to show that local strontium may 
have positive effects on healing subcondylar mandibular 
fractures. A  local application of  3% strontium chloride 
hexahydrate has no adverse effect, and accelerates facial 
skeleton consolidation and bone regeneration. The  au-
thors suggest that a  combination of  strontium chloride 
hexahydrate and conventional therapeutic approaches 
may shorten the healing time of subcondylar mandibular 
fractures in rats.
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