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Introduction

Bone is a physiologically dynamic tissue that under-
goes constant resorption and apposition as a response 
to a complex array of  mechanical, bioelectrical, 
metabolic and local stimuli.1 Bone tissue is the most 
resistant structure to an applied mechanical load. 
This description of  the dynamic structure-function 
relationship between the bone and mechanical load is 
known as Wolff’s law.2

Frost suggested in his mechanostat theory that a 
change in bone mass results from the mechanical 
use of  the bone structure.3 He classified the degree 

of  load into a slight load, physiologic load, overload, 
and pathological load. When a mechanical load in the 
physiologic range is applied to the bone tissues, the 
tissues proliferate while an overload leads to bone re-
sorption. 

There has been considerable effort made to ob-
serve the bone responses of  the teeth and implants. 
Steflik et al.4 examined the bone tissues around the 
implants in the mandible of  dogs over a 6 - 24 month 
period. They concluded continuous loading resulted 
in remodeling similar to the lamina dura without a 
periodontal ligament. Romanos et al.5 compared the 
bone tissue changes in a monkey’s mandible accord-
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ing to loading times; non-loading group, loading 
group after 3 months after implantation and immedi-
ate loading group. Cancellous bones with connective 
tissues were observed in the implant interface of  the 
non-loading group while thick cortical bone with 
trabecular bone formation was noted in the loading 
group. This means that a proper loading to the im-
plant is essential for inducing bone formation around 
the implant. 

Johnson6 compared the results of  hypofunction 
and hyperfunction in rats. Occlusal hypofunction 
was initiated by the extraction of  antagonist teeth. 
The contralateral teeth were used as a control, even 
though it likely experienced hyperfuction. The hy-
perfunction resulted in an increase in transseptal 
ligament thickness but a decrease in new bone thick-
ness. In contrast, hypofunction resulted in increased 
new bone thickness and decreased transseptal liga-
ment thickness. In Kinoshita et al.’s rat experiment,7 

extraction of  the antagonist caused the eruption of  
teeth and a decrease in the height of  the alveolar 
crest. From this result, it can be known that the nor-
mal functional activity of  the teeth is important for 
maintaining the structural integrity and mechanical 
strength of  the supporting tissues.

Bone is constantly remodeling itself  in response 
to occlusal stimuli and other factors.8,9 When the 
teeth are extracted, the antagonist teeth are in a non-
function or hypofunction state for several months. 
This situation is especially related to implant restora-
tion, because of  3 to 6 months waiting for osseo-
integration of  implants. After implants prosthesis 
was inserted, a load was applied by the antagonist 
teeth. The teeth perform a normal function with the 
mechanical stimulus to the bone tissues around the 
implant. The bone tissues are expected to change 
if  a physiologic load by the restoration works again 
on the bone tissues around the antagonist teeth. 
However, to the best of  our knowledge, there are no 
reports on the bone changes around the natural teeth 
opposing newly fitted prostheses including implant 
prostheses or conventional prostheses. Therefore, 
this study evaluated the bone changes around the 
maxillary teeth opposing an implant restoration 
installed in the mandibular posterior area. The pur-

pose of  this study was to investigate the response of  
bones according to the functional state. The second 
objective of  this study was to compare the changes 
in bone density around the teeth depending on the 
site and unloaded period.

Materials and Methods

In this study, human subjects were recruited ac-
cording to their need to restore missing teeth. 
Twenty four consecutively treated human subjects 
were included in this report (mean age 46.2 ± 13.3; 
62.6% female). All the subjects were treated at the 
Department of  Prosthodontics, Gangneung-Wonju 
National University Dental Hospital. The experimen-
tal protocol was approved by the Gangneung-Wonju 
National University Institutional Review Board (IRB-
2008-7). 

The inclusion criteria for the subjects were good 
health, a need for implant installation in the posterior 
region of  the mandible. No subjects had thickened 
periodontal ligament, severe alveolar bone loss, rar-
efying osteitis or condensing osteitis. In addition, oral 
parafunction such as bruxism was not found and oral 
hygiene status was well maintained with the absence 
of  residual probing depths (> 3 mm) and a modified 
Plaque Index of  0 or 1 in the subjects. Twenty four 
patients received one or two implants at one side of  
mandible (Table 1). A total of  44 digital radiographic 
images were taken of  24 patients. Based on oral ex-
amination and interview about the past dental histo-
ry, the unloaded periods and causes of  missing teeth 
were recorded. Unloaded periods were classified into 
3 classes (Class 1: less than 6 months, Class 2: from 6 
to < 12 months, and Class 3: 12 months or more).

A customized film holding device was fabricated 
to obtain reproducible images. With this device, the 
projection geometry including the film, object and 
X-ray generator could be standardized. This device 
was fabricated by applying clear acrylic resin (Or-
thojet, Lang dental Mfg. Wheeling, USA) to the area 
between the bite block of  the CCD sensor and the 
XCP apparatus (Fig. 1). During the fabrication pro-
cedure, the device was located as parallel as possible 
to the root of  the tooth.10,11 Moreover, it was aligned 
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to include the implants and opposing teeth. Then, it 
was relined with the clear resin to obtain better ac-
cess to the patient’s mouth. 

The radiographs were obtained at three time pe-
riods: at baseline, 3 months (turnover period of  the 
bone structure) and 6 months.12 Digital images were 
acquired using an intra-oral X-ray (CDxView, Biome-
disys, Seoul, Korea) with a 1.5 mega-pixel resolution. 
A sensor with a sensor size of  41 × 29 × 5.3 mm 
and an sensor active area of  37 × 27 mm was used. 
Radiography was carried out under standardizing 
conditions of  60 kV, 10 mA and 0.4 second exposure 
time. The digital images were saved as BMP files. 

Occlusion of  the implant prosthesis was observed 
to have occlusal contact similar to the contra-lateral 
tooth in contrast to the concept of  the conventional 
implant prosthesis in a hypoocclusion state.13 The oc-Fig. 1. Customized film holding device. 

Table 1. The information of  the patients   

Patient Measurement site Opposing implants Condition of  teeth Unloaded period (month)
1 #25MD, 26MD #35i, #36i natural teeth 9
2 #27MD #37i restored with crown 11
3 #16MD, 17MD #46i, #47i restored with crown 5
4 #27MD #37i restored with crown 9
5 #17MD #47i natural teeth 9
6 #26MD, 27D #36i, #37i natural teeth 9
7 #25MD, 26MD, 27D #36i, #37i natural teeth 10
8 #17MD #47i restored with crown 11
9 #15D, 16MD #46i natural teeth 9

10 #16D, 17MD #46i restored with crown 9
11 #26D, 27MD #37i natural teeth 12
12 #24D, 25MD #35i natural teeth 24
13 #26D, 27MD #37i natural teeth 9
14 #24D, 25MD #35i restored with crown 12
15 #16MD, 17MD #46i, #47i restored with crown 9
16 #16D, 17MD #47i natural teeth 12
17 #26D, 27MD #37i natural teeth 13
18 #26MD, 27MD #36i, #37i natural teeth 5
19 #251MD, 26MD #35i, #36i natural teeth 5
20 1#16MD #46i natural teeth 9
21 #26D, 27MD #37i natural teeth 5
22 #15D, 16MD #46i natural teeth 15
23 #26MD, 27MD #36i, #37i natural teeth 13
24 #26MD, 27MD #36i, #37i restored with crown 5

M, mesial site; D, distal site.

Bone changes around the maxillary posterior teeth opposing the implants in mandible: a clinical study



304 J Dent Rehabil Appl Sci 2015;31(4):301-9

clusal contact was made in checking with Shimstock 
occlusion foil (Roeko GmbH, Langenau, Germany), 
which had stable centric occlusal stops with light 
occluding force and no contacts in eccentric man-
dibular movement. The peri-implant bone changes 
were evaluated on Photoshop software (Adobe Pho-
toShop 7.0, Adobe, Seattle, USA). The digital images 
were converted to a gray value of  256 levels to allow 
visualization. All black color was set at 0 gray value, 
while all white color was set at 256 gray value. The 
gray value for the region of  interest (ROI) was deter-
mined from an average of  3 measurement times.14,15 
The area around the root of  the maxillary molar op-
posing implants was considered to be the test ROI. 
Due to the occlusal contact with implant prosthesis, 
the test ROI would be in a newly functional state. 
The alveolar bone area around the root of  the maxil-
lary molar opposing the natural teeth was regarded as 
the control ROI because it received continuous func-
tional activity. Four ROI per tooth were selected; me-
sial and distal sites of  the crestal areas (0.1 - 0.2 mm 
area below the alveolar crest) and the middle areas 
(3 mm area below the alveolar crest). When selecting 
ROI, the cortical bone and lamina dura need to be 
included in the crestal areas and lamina dura in the 
middle areas. The size of  the ROI was 23 × 23 pix-
els, which corresponded to a 1 mm × 1 mm square 
(Fig. 2). 

Blinded examiner measured all the images in a ran-
dom sequence. The reproducibility of  selecting the 
ROI was evaluated by intra-examiner calibration. In 
a single digital image, the ROI was selected 15 times. 
The standard deviations of  the X- and Y- coordi-
nates and of  the gray value were estimated. After 
confirming the reproducibility of  the selection of  
the ROI, the gray values of  the ROI were measured 
three times and the mean gray value was calculated.

Statistical analysis

The resulting data were subjected to repeated mea-
sured ANOVA to compare the gray values of  the 
ROI according to the time interval. The changes in 
gray values in the test and control ROI were com-
pared. The mesial and distal, crestal and middle areas 
in the test ROI were compared. Duncan’s multiple 
range test was used for post-hoc comparisons. Statis-
tical significance was set at α = 0.05. 

Results

All implants were successfully functioned without 
any complication during observation time.

The standard deviations of  the selecting area were 
0.0080 in X-coordinates and 0.0052 in Y-coordinates. 
Selection of  the ROI was considered reproducible. 
The standard deviation of  the gray value was 1.74. 

Table 2 and 3 presents the mean gray value changes 
in the test and control groups. The changes in gray 
value of  the test ROI were significantly higher than 
that of  the control ROI (P = 0.001, Fig. 3). The gray 
value of  the test ROI increased with time (P = 0.000). 
On the other hand, the gray value of  the control 
ROI increased slightly, however the difference was 
not significant (P = 0.222). The changes in the gray 
value were greater in the first 3 months than in the 
next 3 months.

In Table 4 and 5, the gray values of  different 
ROIs of  the test ROI are presented. The gray value 
changes in the middle area were greater than those in 
the crestal area (P = 0.033). However, the gray value 
of  the mesial site was similar to that of  the distal site 
(P = 0.354). The changes in the 4 selected areas were 

Fig. 2. Regions of interest (ROI). Black box, control group; 
White box, test group.

Without opposing teeth
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similar regardless of  the ROI (P = 0.553). 
The gray value for Class 3 (unloaded period of  12 

months or more) was significantly lower than that for 
the other classes at baseline (P = 0.016). However, 
the changes in the gray value were greater in Class 3 
than in the other classes. Moreover, this trend was 
also maintained during the next 3 months (Fig. 4).  

Table 2. Means (SDs) for gray values of  the control and 
test group

Group N
Time

Baseline 3 months 6 months
Control 66 109.9 (35.5) 111.2 (34.9) 112.9 (37.4)

Test 69 113.4 (38.3) 120.5 (39.2) 125.1 (40.9)
SD, standard deviation.

Table 3. Means (SDs) for changes in gray value changes 
with time lapse of  the control and test group

Group N
Time

3 months 6 months
Control 66 1.3 (5.3) 3.0 (12.7)

Test 69 7.2 (10.1) 8.1 (13.8)
SD, standard deviation.

Table 4. Means (SDs) for gray values in the region of      
interest 

Group N
Time

Baseline 3 months 6 months

Crestal Mesial 27 107.0 
(37.7)

113.2 
(40.4)

117.3 
(41.6)

Distal 38 111.5 
(39.4)

119.1 
(39.6)

123.3 
(40.5)

Middle Mesial 30 115.0 
(40.7)

120.8 
(40.3)

124.6 
(43.0)

Distal 39 118.9 
(36.3)

127.3 
(37.5)

133.2 
(39.1)

SD, standard deviation.

Table 5. Means (SDs) for gray value changes with time 
lapse in the region of  interest 

Group N
Time

3 months 6 months
Crestal Mesial 27 6.2 (11.5) 10.3 (14.1)

Distal 38 7.7 (10.8) 11.7 (14.5)
Middle Mesial 30 5.7 (9.1) 9.5 (13.2)

Distal 39 8.4 (9.2) 8.1 (13.4)
SD, standard deviation.

Fig. 4. Changes in gray values according to the unloaded 
period. 
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Discussion

In this study, continuously functioning teeth were 
selected as the control ROI. In this group, physi-
ologic stress continuously worked on the lamina 
dura and surrounding alveolar bone. Therefore, no 
bony changes were expected. According to Frost3 
and Kinoshita et al.,7 a normal functional activity 
of  the teeth is essential for the mechanical strength 
of  the supporting. The gray values of  the control 
ROI increased slightly. If  there is a unilateral loss of  
teeth, the preferred chewing side of  the individual 
may change. These individuals probably try to avoid 
masticating on that side including the edentulous 
area. As a result, the teeth adjacent to the opposing 
edentulous area can be rendered into a slight hypo-
functional state. Restoring the opposing edentulous 
area can lead to a slight increase in function of  the 
adjacent teeth. 

The test ROI did not maintain a normal function 
for 5 - 24 months due to a missing mandibular molar. 
During this period, the bone mass might be reduced 
due to a lack of  the mechanical stimulus for main-
taining the bone tissue.7 If  a mechanical stimulus ap-
plied with the implants in the opposite arch, a proper 
physiologic load worked again in the bone tissues 
around the hypofunctioned tooth root and a change 
in bone tissue was assumed to occur. This hypothesis 
was proved in this study. In the test ROI, the gray 
value increased after 3 months compared with the 
baseline. 

Although the turnover period of  the bone struc-
ture is affected by age, disease and metabolic state, it 
takes approximately 10 weeks.12 Therefore, the obser-
vation period was set to 6 months for bone change 
of  the antagonist teeth of  the implant. However, the 
gray values were changed after 3 months. This might 
be caused by the fact that a normal occlusal force 
rather than the weaker occlusal force was established 
in the implant prosthesis. The occlusion of  implants 
prosthesis is usually established to have hypo-occlu-
sion in order to avoid the overload.13 However, there 
was no adverse effect like on the implant during the 
observation period in this study.

In the region receiving the compressive force, the 

action of  osteoblasts and osteoclasts leads to remod-
eling of  the alveolar bone.5,6,14 Therefore, it is possi-
ble that the changes in gray value would be different 
by the evaluation site. In this study, the crestal area 
and middle area of  the antagonist teeth were selected 
as a ROI because the masticatory load would con-
centrate on the cervical area under the cusp rather 
than the root apex.16 In addition, the palates of  some 
patients were too shallow to locate the customized 
film holding device reproducibly. Therefore, the root 
apex was excluded as the ROI. 

The changes in the gray value of  the middle area 
were greater than those of  the crestal area. This 
result might be due to the distribution of  occlusal 
forces. Occlusal forces are transmitted from the oc-
clusal surface to the root surface, and then to the 
adjacent alveolar bone.16 In this process, the occlusal 
forces may be concentrated at the center of  the root 
rather than at the crestal area. As was observed in the 
study by Romanos et al.,5 the cortical bone is more 
actively remodeled after restoration than the cancel-
lous bone. In addition, the gingival inflammation can 
negatively influence on the crestal bone area, while 
the mechanical load itself  can affect the middle area. 

As the teeth showed slight mesial inclination, it was 
thought that the occlusal stress might be concentrat-
ed on the mesial region of  the teeth. However, there 
was no difference between the mesial and distal site. 
This means that the stress was not concentrated on 
a mesial or distal area. In this study, occlusal contact 
points were established on the center of  the implant 
prosthesis. Moreover, the lateral contact points were 
eliminated in excursive movement. Therefore, a 
vertically oriented force might be transmitted to the 
implant fixture and antagonist teeth.  

As suggested by Frost,3 functional activity of  the 
teeth is essential for maintaining the bone tissue. The 
bone density around the teeth which were in a hypo-
functional state for a longer time period (unloaded 
period of  12 months or more) was lower than that 
around the teeth which were in a hypofunctional 
state for a shorter time period. However, the ten-
dency for an increase in the bone density around the 
teeth which were in a hypofunctional state for a lon-
ger time period was similar to that around the teeth 
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which were in a hypofunctional state for a shorter 
time period. It means that the reactivity for changes 
in the mechanical demands was similar in both types 
of  teeth regardless of  the length of  the edentulous 
period. In addition, active bone remodeling contin-
ued after 3 months. The possibility of  restoring bone 
density with a time lapse could not be eliminated 
due to the increase in the gradient of  bone changes. 
However, a longer observation period would be 
needed in order to identify the exact tendency of  
bone changes.

In some ROIs, the gray values at 3 and 6 months 
were lower than that of  the baseline. A subtle differ-
ence in the locational relationships of  the subject, 
CCD sensor and x-ray tube would alter the super-
imposition in anatomic structure (trabecular pattern, 
soft tissue and others) of  the ROI. Intra-examiner 
variation was unavoidable, even though one examiner 
measured the gray value 3 times in setting the ROI.15 
In analyzing the change in the radiographic density, 
standardization of  the radiographic density is impor-
tant by controlling the exposure time, angulation of  
the x-ray tube and processing condition.10,11,17 In this 
study, the relationship of  the CCD sensor and x-ray 
tube was reproducible due to using a customized film 
holding device. The exposure condition was kept the 
same, and the average of  3 measurements was calcu-
lated. Moreover, the processing errors of  the radio-
graphic image were excluded using a CCD sensor. 

This study showed that bone changes around the 
maxillary molar were significant because the load 
by the implants prosthesis works in hypofunction-
ing teeth. However, the difference in bone changes 
according to the evaluation site was not defined. 
Further studies with a long-term observation period 
will be necessary to evaluate the bone tissue changes 
accurately and quantitatively.

Conclusion

Within the limitations of  this study, the density of  
the surrounding bone of  the antagonist teeth to the 
implant increased after prosthetic restoration. This 
finding concurs with the hypothesis that a proper 
physiologic load worked on the bone tissues around 

the hypofunctioned tooth that caused changes in 
bone tissue. 

ORCID

Chan-Jin Park http://orcid.org/0000-0003-4734-214X
Yoon-Hyuk Huh http://orcid.org/0000-0003-4072-
5199
Lee-Ra Cho http://orcid.org/0000-0003-3989-2870

References 

 1. Misch CE. Contemporary implant dentistry. 3rd ed. 
Missouri; CV Mosby; 2007. p. 327-43.

 2. Katz JL. The structure and biomechanics of  bone. 
Symp Soc Exp Biol 1980;34:137-68.

 3. Frost HM. Bone “mass” and the “mechanostat”: a 
proposal. Anat Rec 1987;219:1-9.

 4. Steflik DE, Noel C, McBrayer C, Lake FT, Parr 
GR, Sisk AL, Hanes PJ. Histologic observations of  
bone remodeling adjacent to endosteal dental im-
plants. J Oral Implantol 1995;21:96-106. 

 5. Romanos GE, Toh CG, Siar CH, Wicht H, Yacoob 
H, Nentwig GH. Bone-implant interface around 
titanium implants under different loading condi-
tions: a histomorphometrical analysis in the Macaca 
Fascicularis monkeys. J Periodontol 2003;74:1483-
90. 

 6. Johnson RB. Effect of  altered occlusal function on 
transseptal ligament and new bone thicknesses in 
the periodontium of  the rat. Am J Anat 1990;187: 
91-7.

 7. Kinoshita Y, Tonooka K, Chiba M. The effect of  
hypofunction on the mechanical properties of  the 
periodontium in the rat mandibular first molar. 
Arch Oral Biol 1982;27:881-5.

 8. Shimomoto Y, Chung CJ, Iwasaki-Hayashi Y, Mu-
ramoto T, Soma K. Effects of  occlusal stimuli on 
alveolar/jaw bone formation. J Dent Res 2007;86: 
47-51.

 9. Motokawa M, Terao A, Karadeniz EI, Kaku M, 
Kawata T, Matsuda Y, Gonzales C, Darendeliler 
MA, Tanne K. Effects of  long-term occlusal hy-
pofunction and its recovery on the morphogenesis 
of  molar roots and the periodontium in rats. Angle 

Bone changes around the maxillary posterior teeth opposing the implants in mandible: a clinical study



308 J Dent Rehabil Appl Sci 2015;31(4):301-9

Orthod 2013;83:597-604. 
10. Jeffcoat MK, Reddy MS, Webber RL, Williams RC, 

Ruttimann UE. Extraoral control of  geometry for 
digital subtraction radiography. J Periodontal Res 
1987;22:369-402.

11. Meijer HJ, Steen WH, Bosman F. Standardized ra-
diographs of  the alveolar crest around implants in 
the mandible. J Prosthet Dent 1992;68:318-21.

12. Marx RE, Ehler WJ, Peleg M. “Mandibular and fa-
cial reconstruction” rehabilitation of  the head and 
neck cancer patient. Bone 1996;19:59S-82S. 

13. Stanford CM. Issues and considerations in dental 
implant occlusion: what do we know, and what do 
we need to find out? J Calif  Dent Assoc 2005;33: 
329-36.

14. Lee MR, Cho LR, Yi YJ, Choi HM, Park CJ. Cor-
relation assessment between resonance frequency 

analysis and radiographic method according to peri-
implant bone change. J Korean Acad Prosthodont 
2005;43:736-44.

15. Gröndahl K, Sundén S, Gröndahl HG. Inter- and 
intraobserver variability in radiographic bone level 
assessment at Brånemark fixtures. Clin Oral Im-
plants Res 1998;9:243-50. 

16. Jeon PD, Turley PK, Moon HB, Ting K. Analysis 
of  stress in the periodontium of  the maxillary first 
molar with a three-dimensional finite element mod-
el. Am J Orthod Dentofacial Orthop 1999;115:267-
74.

17. Carneiro LS, da Cunha HA, Leles CR, Mendonça 
EF. Digital subtraction radiography evaluation of  
longitudinal bone density changes around immedi-
ate loading implants: a pilot study. Dentomaxillofac 
Radiol 2012;41:241-7.

Park CJ, Huh YH, Cho LR



309

Original Article

*교신저자: 조리라

(25457)강원도 강릉시 죽헌길 7 강릉원주대학교 치과대학 치과보철학교실 및 구강과학연구소 

Tel: 033-640-3153|Fax: 033-640-3103|E-mail: lila@gwnu.ac.kr

접수일: 2015년 7월 30일|수정일: 2015년 9월 6일|채택일: 2015년 9월 7일

하악 임플란트에 대합되는 상악 구치의 주변골 변화에 대한 임상연구
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목적: 무치악 부위를 임플란트 보철로 수복하면 기능저하 상태였던 대합치는 생리적인 자극을 받게 된다. 본 연구는 하
악 구치부 임플란트에 대합되는 상악치아의 골변화를 평가하였다. 
연구 재료 및 방법: 보철물 장착시(기준점) 및 3, 6개월 후에 방사선 사진을 채득하였다. 맞춤형 필름유지기구를 제작하

여 대합치의 연속적인 방사선 사진에 대한 투사를 표준화하였다. 디지털사진에서 관심부위에 대한 그레이수치를 시간

별로 측정하여 95% 유의수준으로 반복측정분산분석으로 통계적 유의성을 검증하였다. 
결과: 대합치의 그레이수치는 시간이 흐름에 따라 증가하였다. 치조정부위보다 중앙부위의 변화가 더 컸으나 근심과 
원심의 그레이수치는 큰 차이를 나타내지 않았다. 그레이수치의 변화는 하중을 가하지 않았던 기간에 따라 다른 양상

을 나타내었다. 
결론: 기능저하였던 치아주변의 골조직에 기능적 하중이 가해지면 골조직의 변화가 발생할 수 있는 것으로 사료된다. 

(구강회복응용과학지 2015;31(4):301-9)
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