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Abstract: Physical activity has been recommended for the treatment and even prevention of osteoporosis. This is because 
physical activity can potentially increase bone mass and strength in the early years of life and reduce the risk of falling in 
older populations. However, a key question that remains to be answered is whether a high bone mineral density (BMD) 
resulting from physical activity is sustained despite decreased activity. The aim of this review is to describe the effects of 
decreased levels of physical activity on bone.  

A comprehensive search of Medline, EMBASE, and the Cochrane controlled trials register was conducted. Previous 
studies have reported that benefits from prior physical activity seem to be eroded after cessation of this activity, at least 
for bone sites that are rich in trabecular bone such as the clinically important proximal femur. In bone sites rich in cortical 
bone, there appeared to be long-term beneficial effects of physical activity. 

In conclusion, bone gain through physical activity is lost in bone sites rich in trabecular bone if the activity is not 
maintained. However, current knowledge is limited and further prospective research into the effect of detraining is 
recommended.  
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INTRODUCTION 

 Osteoporosis is an increasingly prevalent global health 
care problem, which is characterized by a reduction in bone 
mass, microstructural deterioration with advancing age, and 
an increase in fracture rate. It has been estimated that 50% of 
all women and 20% of all men will suffer an osteoporosis-
related fracture during their lifetime. Identification and opti-
mization of factors affecting the incidence of osteoporosis is 
critical for the possibility of successfully minimizing the 
impact of fractures, which are an important cause of 
mortality and painful disability in the western world [1-3].  
 Physical activity is considered an important modifiable 
environmental factor with the potential to increase (or 
maintain) bone mineral density (BMD) in both children and 
adults [4-9]. It has previously been proposed that a high peak 
bone mass from prior training could be protective against the 
development of osteoporosis later in life [10, 11]. A high 
peak bone mass from previous physical activity may 
decrease the risk for future fractures, provided that the bone 
gained is not lost with reduced physical activity later in life.  
 Physical activity has therefore been recommended for the 
prevention and treatment of osteoporosis due to its potential  
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to increase bone mass and strength in the early years of life 
and for its ability to reduce the risk of falling in older 
populations. However, it is not known whether BMD gained 
through exercise is preserved, decreased, or lost when 
exercise is stopped. This knowledge is essential if physical 
activity is to be regarded as an evidence-based therapy and a 
cost-effective treatment when it comes to increasing bone 
mineral density and ultimately reducing the burden of 
fractures on society. Thus, the purpose of this review is to 
examine the evidence of whether a positive effect from 
physical activity on bone mineral density is sustained despite 
decreased activity.  

METHOD 

 A comprehensive systematic search was undertaken in 
the Medline, EMBASE, and Cochrane controlled trials 
register databases to identify studies of detraining. Medical 
subject headings used were "reduced physical activity" 
combined with "reduced exercise level", "detraining", and 
"unloading”. These subject headings were then combined 
with “bone mineral density”, “bone mineral content”, 
“BMC”, and “BMD”. Individual search terms were also 
explored. Reference lists from retrieved publications and 
review articles identified by the search strategies above were 
reviewed to identify further studies. Also, from relevant 
papers derived from the search, a further search was under-
taken by choosing the database link for “related manu-
scripts”. The computerized searches covered the period from 
January 1966 to November 2009. Hard copies of retrieved 
publications were obtained. Only English and German lang-
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uage publications were considered. Furthermore, only papers 
that were published in full and in peer review journals were 
accepted. A final criterion was that the study populations 
consisted of healthy subjects.  

BONE AND DETRAINING 

 H.M. Frost’s mechanostat theory is widely accepted 
when it comes to the positive effects of physical activity on 
bone mineral density [12, 13]. There is a general belief that 
if a bone is subjected to heavy loading, it will remodel itself 
to become stronger. However, it is not known if the same 
paradigm is true when it comes to decreased loading. In 
other words, will the bone remodel to adapt to decreased 
loading? The cellular and molecular mechanisms of bone 
loss due to detraining are poorly understood. It has been 
suggested that there might be different mechanism at cellular 
levels that mediate the load bearing adaptation of the 
skeleton, and the cellular mechanisms involved in unloading 
or decreased mechanical loading [14, 15]. The mechanisms 
underlying the effects of unloading on bone have been 
studied in tail-suspended mice [16] that were found to have 
increased numbers of osteoblasts and osteocytes that were 
undergoing apoptosis in both trabecular and cortical bone. 
This was subsequently followed by increased numbers of 
osteoclasts, an increase in cortical porosity, and reduced 
trabecular and cortical widths. In other words, a reduction in 
mechanical stimulation eliminated the delivery of survival 
signals to the osteocytes, leading to cell apoptosis, the 
recruitment of osteoclasts, and further increases in bone 
resorption and bone loss [16].  

 The general belief is that bone tissue adapts to the stress 
acting on it, forming an equilibrium that covers normal daily 
strains. According to Frost, a threshold “the minimum 
effective strain” exists; when the mechanical stimulus is too 
low, remodelling removes bone and when it is too high 
creating an overload, remodelling adds bone [17]. According 
to his theory the remodelling occurring when the stimulus is 
to low results in a weak osteopenic bone susceptible to frac-
ture. A schematic picture of the relationship between daily 
stress stimulus and bone remodelling is presented in Fig. (1).  
 In regards to the effect of physical activity on bone, it has 
been demonstrated that the effect is site specific [4, 5, 18, 
19]. Therefore, the potential loss of bone mineral density due 
to detraining would most probably be a site specific 
phenomenon. Furthermore, studies have also suggested that 
the effect of physical activity on bone could vary with age 
and gender [20, 21]. Therefore, articles relating to detraining 
have been analyzed and categorized according to age group, 
gender, and non-weight bearing versus weight bearing sites. 

The Effect of Detraining on Weight Bearing Bones 

The Effect of Detraining in Children 

 There are two studies investigating the effect of 
detraining in children. Fuchs et al. investigated the effect of 
a 7 month detraining period in children after a 7 month 
randomized control high impact intervention [22] (Table 1). 
The intervention resulted in 4% greater gains in hip and 
spine bone mineral content (BMC) compared to controls. 
Gains in both BMC and bone area at the femoral neck from 

 
Fig. (1). A hypothetical presentation of the impact on bone remodeling from reduced or increased physical activity adopted from Turner and 
Carter [54, 55]. Daily stress stimulus is presented on the x-axis and the response of the bone to stimuli is presented on the y-axis. The 
mechanobiologic response drives the bone towards equilibrium where no adaptation occurs where the resorption equals synthesis, the so 
called stress stimulus setpoint ΨS. There will be a net resorption when the mechanical daily stress stimulus is less than the stress stimulus 
setpoint and a net apposition when the mechanical daily stress is higher.  
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high-impact jumping were retained after an equivalent period 
of detraining. Drawbacks of the study included lack of 
physical activity data from the intervention group and the 
control group and a lack of data on the amount and type of 
physical activity these groups performed during the 
detraining period. Kontulainen et al. randomized 99 girls age 
12-14 years to high impact activity two times a week for 
nine months followed by a detraining period of 12 months 
[23]. After the study period the intervention group had a 
4.9% greater BMC increase in the lumbar spine compared to 
controls. There were however no significant differences in 
the femoral neck or trochanter. 

The Effect of Detraining in Men 

 In men, the evidence in the form of both cross-sectional 
and observational studies for a detraining effect on weight 
bearing bone is consistent [24-27] (Table 1). A cross-sec-
tional study investigated the relationship between previous 
physical activity and BMD in 48 former weight lifters and 66 
controls [24]. The athletes had trained 10 hours per week 
(range 4-20) for 13 years (range 1-34). They had all retired 
from competitive sport an average of 30 years ago (range 7-
50). In ex-weight lifters 50-64 years of age, the BMD for 
total body and spine, but not the hip, was greater than in 
controls. After 65 years of age, no difference was found 
between the former weight lifters and their controls. Another 
study by Karlsson et al. investigated both young active and 
older retired athletes, which were divided into 3 subgroups 
based on age [25]. In the group of former weight lifters 
between 35-49 years of age, the athletes had a higher BMD 
for total body and the femoral neck compared to controls, the 
group aged 56-64 years had higher BMD for total body. 
However, in the oldest subgroup, there were no differences 
in BMD between the retired athletes and controls. 
 A few observational longitudinal studies have been con-
ducted in young men where the effect of detraining on bone 
has been investigated [26, 27]. In a study from Northern 
Sweden, young male ice hockey players and controls were 
investigated during a 6 year period [26]. The ice hockey 
players were active from baseline up to 3 years; during that 
period, they gained significantly more femoral neck BMD 
and volumetric BMD (vBMD) compared to controls. 
Between the first and second follow up (3 to 6 years), half of 
the active athletes stopped their career. This group of former 
athletes was found to lose significantly more in femoral neck 
BMD and vBMD compared to athletes who remained active. 
In a later study, the effects of detraining on bone mass during 
a total of 12 years was evaluated among ice hockey players, 
badminton players, and controls [27]. These athletes, who 
were 17 years of age at baseline, had higher BMDs at all 
measured sites (i.e., total body, femoral neck, and spine) 
compared to the control group. After an average of 4 years, 
75% of the young men ended their active careers and were 
followed for approximately 8 years of detraining. Overall, no 
sustained benefits could be detected at any site. Furthermore, 
at each of the four follow up evaluations, there was an 
almost linear relationship observed between the amount of 
physical activity and BMD, especially at the femoral neck. 

The Effect of Detraining in Premenopausal Women 

 Studies of the effect of detraining on weight bearing 
bones in premenopausal women have yielded inconsistent 

data [28-33] (Table 1). A cross-sectional retrospective study 
of former athletes was performed by Kahn et al. [34], who 
examined a cohort of 101 retired ballet dancers with a mean 
age of 51 years compared to 101 controls matched for 
menopausal status, age, height, and weight. This study 
concluded that there were no differences in BMD for total 
body, femoral neck, trochanter, hip, or for the lumbar spine 
between controls and ballet dancers who had been retired for 
a mean period of 25 years.  
 Three observational longitudinal studies have been 
performed in premenopausal athletes [28, 31, 35]. In a study 
of active soccer players (mean age of 18 years), former 
female soccer players (mean age of 43 years) were followed 
for 8 years and it was found that soccer players who ended 
their active career during the study period lost BMD at the 
femoral neck compared to age matched controls who gained 
in femoral neck BMD [28]. The former soccer players that 
were retired already at the start of the study had a higher 
BMD in the trochanter compared to controls at baseline. 
During follow up, these subjects lost BMD in the trochanter 
compared to controls who gained BMD. Thus, reduced 
physical activity correlated with a more rapid loss of BMD 
in the femoral neck in former female soccer players than 
controls. In a 2 year prospective study, Snow et al. observed 
seasonal changes in the BMDs of the hip, spine, and total 
body among intercollegiate gymnasts and found a consistent 
pattern of bone density increases over the training seasons of 
1.9% to 3.7% at the hip and spine, respectively, which was 
followed by declines in the off seasons [31]. In lumbar spine, 
there was a net 4.3% increase over the study period. Thus, 
they found a measurable response to high magnitude loading 
and unloading that was consistent over 24 months of 
observation among all bone sites. Drawbacks of the study 
included the lack of a control group and only 8 subjects were 
observed. An observational study by Kudlac et al. did not 
show the same results [35]. They investigated the effect of 
10 gymnasts and 9 controls. The measurements at baseline 
were taken 1 year prior to the cessation of an active career of 
these athletes. After a mean period of 4 years of retirement, 
the gymnasts had a greater proximal femur BMD compared 
to controls. Both groups had significant declines in BMDs of 
the femoral neck, Ward’s triangle, and greater trochanter, but 
only gymnasts had a significant decline in lumbar spine 
BMD. In addition, randomized controlled studies have 
indicated that there is a detraining effect on BMD in 
premenopausal women [29, 32]. Winters et al. investigated 
in a randomized controlled study the effect of 6 months of 
detraining after a 12-month jumping and resistance program 
in premenopausal women aged 30-45 years [29]. They found 
that the percent change over the training period was 
significantly greater in the exercise group than in the control 
group for the greater trochanter and approached a significant 
difference for the femoral neck. After 6 months of 
detraining, BMDs of both sites reverted toward baseline 
values, whereas control values did not change. Similarly, 
Vuori et al. reported BMDs that returned to pretraining 
levels after 3 months of cessation of exercise in 12 women 
aged 19–27 years in the period following a 12 month period 
of unilateral leg presses 4 times a week in a controlled 
intervention study [32]. After the detraining period only the 
BMD values in femoral neck and calcaneus remained 
significant greater. 
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Table 1. The Effect of Detraining on Weight Bearing Bones 
 

Authors Study Design Participants 
Physical 
Activity 
Period 

Intervention 
/Exercise 

Detraining 
Period Measurements Results 

The effect of detraining in children 

Kontulainen et 
al. [23]  CT 

IG 50 12.8 years 

C 49 12.2 years 
9 months 

50 min step 
aerobics + extra 
jumps 2 times a 

week 

20 months BMC FN, Tr, LS IG had significantly greater 
gain in LS than C 

Fuchs et al. 
[22] CT 37 IG, 37 C age 

7 years 7 months 
High intensity 

jumping 3 times 
per week 

7 months FN BA, BMC, LS 
BA, LS 

Gains in FN BA, BMC was 
retained 

The effect of detraining in men 

Karlsson et al. 
[24] 

Cross 
sectional 

24 men 50-64, 
24 men 65-79 
years + 66 age 

matched C 

13 years Weight lifting 13, 30 years 
respectively 

BMD TB, FN, tr, 
W, S, H 

Young IG had greater BMD in 
TB, S 

Karlsson et al. 
[25] 

Cross 
sectional 

IG1 16 40±4 
IG2 24 57±5 
IG3 24 71±4 
C 133 48±19 

 Weight lifting 25±13 years BMD TB, FN 
IG1 had greater BMD TB, FN 

than C, IG2 had greater TB than 
C 

Gustavsson et 
al. [26] 

Observational 
longitudinal 

21 IG1 + 22 IG 
16.7±0.6 years + 

25 C 16.8, all men 
30 months Ice hockey 

playing 
40 months 

BMD TB, S, FN, 
vBMD FN, BA 

FN 

IG1 lost more FN BMD, vBMD 
than IG2 and more FN vBMD 

than C. 

Tervo et al. 
[27] 

Observational 
longitudinal 

51 IG1 17.3±1.8, 
16 IG2 17.2±1.3, 
25 C 16.9±0.6, all 

men 

2.9 years 
Badminton 
playing, Ice 

hockey playing 
8.2 years BMD TB, S, FN IG1lost more FN BMD than 

IG2, C 

The effect of detraining in premenopausal women 

Bass et al. 
[33] 

Cross 
sectional 

IG 36 25.0±0.9 

C 15 25.3±1.0 
 Gymnasts 8 years BMD TB, FN, W, 

tr, LS, A, L 
IG greater BMD at TB, FN, W, 

tr, A, L than C 

Khan et al. 
[34] 

Cross 
sectional 

IG 101 51.1±1.4 

C 101 51.5±1.6 
 Ballet training 25.6 years BMD TB, H, tr, 

Itr, LS 
NS 

Valdimarsson 
et al. [28] 

Observational 
longitudinal 

IG1 35 18.9±4.8, 
IG2 13 16.4±2.3, 
IG3 18 43.2±6.2, 
C1 23 16.8±2.7, 
C2 24 45±5.3 

years 

IG1 
IG3 

Soccer training 
IG1 5.3 

IG3 17.3 
years 

BMC TB, H, 
BMD TB, H, S, 

LS, W, Tr, L 

IG1 lost BMD whereas C 
gained in FN, tr. IG1 gained 

less BMD compared to C in S. 
IG1 had still higher BMD in 

TB, L at follow up 
IG2 had still higher BMD in L 

compared to C at follow up 

Snow et al. 
[31] 

Observational 
longitudinal 8 18.6±0.8 years 

2 periods of 
8 months 

competitive 
seasons 

Gymnasts 
2 periods of 
4 months off 

seasons 

BMD TB, LS, FN, 
Tr, TH 

Significantly seasonal trends in 
BMD in FN, tr, TH, LS, TB 

Kudlac et al. 
[35] 

Observational 
longitudinal 

IG 10 20.4±1.2 
C 9 23.8±3.6 

years 
 Gymnasts 4 years BMD TB, LS, FN, 

W, Tr 

BMD decline FN, W, Tr both 
groups and BMD decline in LS 

in IG 

Vouri et al. 
[32] CT IG 12 21.0±2.5 

C 12 22.0±3.0 
12 months 

Unilateral leg 
presses 4 times a 

week 
3 months BMD, BMC LS, 

FN, dF, P, pT, C 

BMD FN, C greater in left limb 
after detraining compared to 

untrained limb and C 

Winters et al. 
[29] CT IG 29 39.6±4.2 

C 20 40.5±3.3 
12 months 

Jumps + resistance 
training 3 times a 

week 
6 months BMD TB, tr, FN, 

LS 
FN BMD lower in IG compared 

to post training 

Kontulainen  
et al. [30] CT 

IG 34 39.6±2.2 

C 31 38.4±2.7 
18 months 

High impact 
exercise 3 times 

a week 
3,5 years BMD LS, FN, tr, 

dF, P, Pt, C, dR 
Intergroup differences favoring 

IG at FN, dF, P, pT, C 
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(Table 1) Contd….. 

Authors Study Design Participants 
Physical 
Activity 
Period 

Intervention 
/Exercise 

Detraining 
Period Measurements Results 

The effect of detraining in postmenopausal women 

Kirchner et al. 
[36] 

Cross 
sectional 

IG 18 
C 15 

 Gymnasts 18 BMD TB, LS,  
FN, W 

BMD LS, FN, W greater in IG 
than C 

Duppe et al. 
[37] 

Cross 
sectional 

IG1 25 40±4.5 
IG2 62 18.3±4.0 

C 90 age matched 
 Soccer training IG1 9.7 

years BMD TB, LS, PF IG1 had greater BMD at TB, 
FN, W, tr 

Michel et al. 
[38]  IG 14 55-77 years 

C 14 age matched 
 Running 5 years BMD LS IG lost significantly BMD in LS 

compared to C 

Iwamoto et al. 
[39] CT 

IG1 7 64.3±3.0 

IG2 8 65.3±4.7 
C 20 64.9±5.7 

IG 1 1 year 

IG2 2 year 

Increasing step 
counts up to 30 of 

baseline+ 
resistance training 
+ supplementation 

IG1 1 year BMD LS 

After 1 year IG1, IG2 higher 
BMD LS than C after 2 years 
no longer differences between 

IG1 and C 

Dalsky et al. 
[40] CT 

35 
IG1 6 
IG2 9 

IG3 14 

IG1 9 months 
IG2 22 
months 
IG3 27 
months 

Weight bearing 
exercise 50-60 
min, 3 times a 

week + 
supplementation 

IG1 13 months 
reduced 
training 

IG2 12 months 

BMD LS No differences after detraining 
between groups. 

Karinkanta  
et al. [41] CT 

IG1 37 72.7±2.5 
IG2 37 72.9±2.3 
IG3 38 72.9±2.2 
C 37 72.0±2.1 

12 months 

IG1 resistance 
training 

IG2 balance 
training 

IG3 combination 

12 months DEXA HAS FN, 
pQCT Ts 

After exercise intervention IG1 
greater Z than IG3. No 

differences after detraining 
period 

Englund et al. 
[42] CT 

IG 18 72.4±3.8 

C 16 72.4±3.6 
years 

12 months 

Strength, 
aerobic, balance, 

coordination 
exercises 50 min 
2 times a week 

5 years BMD, BMC TB, 
A, LS, FN, W 

Both groups lost BMD at 
weight bearing sites. 

IG had lost more BMD at FN, 
tr, W at follow up than C. 

Abbreviations: IG=Intervention group, CG=Control group, BMD= bone mineral density, BA= bone area, BMC=bone mineral content, vBMD= volumetric bone mineral density, 
LS=lumbar spine, FN=femoral neck, TB=total body, S=spine, Tr=trochanter, W= Ward´s triangle, H=humerus, dR=distal radius, A=arms, L=legs, ITr= intertrochanter, TH= total hip, 
PF=proximal femur, dF= distal femur, P=patella, pT=proximal tibia, C=calcaneus, DEXA=dual energy x-ray absorptiometry, HAS=hip strength analysis, pQCT= Peripheral 
quantitative computed tomography, Z=section modulus, Ts=tibial shaft 
 
 However, data from these intervention studies are not in 
line with data presented by Kontulainen in a 5 year follow up 
study [30]. They investigated detraining effects after an 18 
month intervention of high-impact exercise in premeno-
pausal women, which examined 34 former trainees and 31 
controls. BMDs for the lumbar spine, femoral neck, tro-
chanter, distal femur, patella, proximal tibia, calcaneus, and 
dominant distal radius were measured at baseline, after 18 
months, and after 5 years. BMDs of the bone sites that 
increased in response to the 18-month intervention (femoral 
neck, distal femur, patella, proximal tibia, and calcaneus) 
also demonstrated maintenance of this gain 3.5 years after 
the intervention, except for at the lumbar spine. These 
different results might be explained by factors such as the 
different types and intensity of training and that the subjects 
were rather active after cessation of the training period. 

The Effect of Detraining in Postmenopausal Women 

 Studies performed in postmenopausal women have 
yielded different results(Table 1). Kirchner and coworkers 
compared BMDs between former collegiate gymnasts to age, 
height, and weight matched controls [36]. BMDs of the 
former gymnasts were significantly greater than those of 
controls, with a mean percentage difference between 16% 
and 22% for the lumbar spine, femoral neck, and Ward’s 

area. The former gymnasts were then compared to college-
aged gymnasts. The BMDs of the former gymnasts were 
approximately 6% to 14% lower than those of college-aged 
gymnasts. However, differences between BMDs were statis-
tically significant only at the femoral neck and Ward’s area 
and not the lumbar spine. Duppe et al. examined BMDs of 
junior, senior and former soccer players and controls [37]. 
The 25 former players (aged 34-84 years) had ended their 
active careers on average 10 years previously [37]. Still, they 
had greater BMDs at the proximal femur and total body 
compared to age matched controls, despite similar current 
activity levels. Thus, this cross-sectional study suggests a 
residual benefit of prior physical activity among former 
athletes. However, these data are not consistent with 
longitudinal studies performed on the topic presented below. 
 Longitudinal studies of detraining after exercise interven-
tion for weight bearing bones in postmenopausal women 
have shown consistent results indicating that continuous 
physical activity is needed to maintain the BMD gains 
achieved; otherwise, any benefits from exercise may be lost. 
Michel et al. observed the effect of running on lumbar spine 
BMD in runners and controls between 55-77 years of age 
during a 5 year period [38]. Substantial decreases in physical 
weight bearing activity were associated with significant bone 
loss in the lumbar spine. Iwamoto et al. investigated the 
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effect of detraining in a cohort of postmenopausal women 
with osteoporosis who were randomly assigned to either a 2 
year exercise training group, a 1 year exercise training plus 1 
year detraining group, or a control group [39]. The interven-
tion consisted of walking and gymnastic training. The 
women were all supplemented with calcium lactate (2.0 g) 
and 1-alpha-hydroxyvitamin D3 (1 µg daily). The mean 
percent change in BMD compared with the baseline was 
significantly higher at 1 and 2 years in the exercise training 
group and at 1 year in the detraining group than in the 
control group, and did not differ significantly at 2 years 
between the detraining and control groups. These results 
indicated that continuous physical activity was needed to 
maintain any BMD gains achieved. Similar results were 
found by Dalsky et al. in a non-randomized controlled phys-
ical activity intervention consisting of walking, jogging, and 
stair climbing in combination with calcium supplementation 
[40]. Bone mineral content in lumbar spine increased 5.2% 
after 9 months of training, whereas there was no significant 
change (-1.4%) in the control group. After 22 months of 
physical activity, bone mineral content of the lumbar spine 
had increased 6.1% in the long-term training group. After 13 
months of decreased activity, bone mass was 1.1% above 
baseline in the detraining group. In this investigation, not all 
participants completely stopped exercising during the 
detraining period; some just reduced their activity level. 
Thus, the benefits of exercise may be lost after the end of the 
intervention. Karinkanta et al. assessed bone properties in 
the tibia and femur using pQCT and DEXA one year after 
cessation of a 12 month randomized controlled exercise 
intervention in 70-78 year old women [41]. After the inter-
vention, there was a significant between-group difference in 
the section modulus value for the femoral neck between the 
group practicing resistance training and the group practicing 
a combination of resistance training, balance, and jumping, 
which disappeared after the detraining period. Another study 
investigated the effect of detraining after a 12 month rando-
mized controlled study [42]. Thirty-four women completed 
the intervention (18 exercisers and 16 controls) and were 
invited to participate in a 5 year follow up assessment. The 
intervention resulted in a BMD increase in Ward’s triangle 
in the exercise group compared to controls. After the 5-year 
follow up, both groups sustained significant losses in BMD 
of the femoral neck, trochanter, and Ward's triangle during 
the follow up period such that there was no longer any 
difference between the groups for the BMD of Ward’s 
triangle.  

The Effect of Detraining on Non-Weight Bearing Bones 

The Effect of Detraining in Children 

 To our knowledge, there have not been any studies 
performed investigating the effect of detraining on non-
weight-bearing bones in children. 

The Effect of Detraining in Men 

 There seems to be a difference in how trabecular and 
cortical bone react to detraining (Table 2). Tervo et al. 
investigated the effect of detraining among multiple sites and 
found that former athletes such as badminton players and ice 
hockey players that use both arms and legs in their sports 
lost more BMD at bone sites comprised largely of trabecular 

bone (hip, spine, and pelvis) than at bone sites comprised 
largely of cortical bone (femur, humerus, and legs) after 8 
years of reduced activity [43]. Moreover, at the final follow 
up evaluation, former athletes still had a significantly higher 
BMD than controls at bone sites comprised mainly of 
cortical bone, such as the humerus and legs. These findings 
corroborate results from a Finnish observational longitudinal 
study that compared changes in BMC between the playing 
versus non-playing arm in male racket sport players after 
four years of decreased training [44].  

The Effect of Detraining in Premenopausal Women 

 Regarding the effect of detraining on non-weight-bearing 
bones in premenopausal women, these data also seem to be 
consistent (Table 2). Kontulainen et al. investigated the 
effect of detraining on non–weight-bearing bones in pre-
menopausal women [45]. They showed that increased arm 
BMD attained by racket players during their growth periods 
was usually maintained into adulthood, despite a subsequent 
reduction in activity levels. Bass et al. found similar results 
when comparing BMDs for active and retired female 
gymnasts compared to that of controls [33]. Both active 
female athletes and ex-athletes retired for a mean of 8 years 
had higher BMDs in their arms compared to controls. A third 
study by Heinonen et al. examined the effects of 12 months 
of unilateral high-resistance strength training followed by 8 
months of detraining on BMC and BMDs of the proximal 
humerus, humeral shaft, radial shaft, ulnar shaft, and distal 
forearm in students [46]. Thirteen subjects trained their left 
upper limbs with dumbbells on average of 2.8 times per 
week for 12 months, which was followed by eight months 
detraining. Nineteen students served as controls. No 
differences were observed after the training or detraining 
periods. The lack of impact of training or detraining in this 
study could be due to the use of high-resistance strength 
training that may not have provided an effective osteogenic 
stimulus for bone formation. 

The Effect of Detraining in Postmenopausal Women 

 To our knowledge there have not been any studies 
performed investigating the effect of detraining on non-
weight-bearing bones in postmenopausal women. 

DISCUSSION 

 The general method to avoid fractures can be divided into 
the following three strategies: maximizing bone mineral 
density gain during childhood and adolescence, minimizing 
the age-related decline in bone mineral density, and prevent-
ing serious falls. The first of these concepts are based on the 
notion that any beneficial effects are maintained despite an 
altered lifestyle or maintenance of an active lifestyle. It has 
been suggested that a high BMD from training during 
younger years may be preserved and that this would be 
protective against osteoporosis later in life [10]. However, 
this was only a theory and was based mostly on retrospective 
studies of former athletes [33, 47-50] or on shorter duration 
longitudinal studies [35, 44, 45, 51]. 
 Studies that have been performed to answer the question 
of whether a reduction in exercise is followed by a loss of 
any benefits have mainly been performed in two different 
settings: observational studies of athletes and short-term 
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randomized controlled studies. Most prospective data 
following athletes indicate a higher BMD loss in weight-
bearing bones among retired athletes compared to athletes 
who continue with exercise or controls. This seems also to 
be validated by randomized controlled studies that have been 
performed. These findings seem to be consistent among all 
age groups and for both genders except in children, although 
there are a few retrospective cross-sectional studies that are 
not in accordance with these findings. These discrepancies 
among studies with lower levels of evidence (such as cross-
sectional studies) could be due to secular trends in exercise 
regimes, more sedentary living, or continued higher physical 
activity levels in the former athletes. In conclusion, it seems 
that weight bearing bone (especially the femoral neck) is 
highly sensitive to changes in levels of physical activity. 
This may be related to the fact that weight-bearing physical 
activity likely results in high strain at the femoral neck and 
that the femoral neck is composed of a rather high amount of 
trabecular bone. These studies indicate that a high peak bone 
mass from previous training is not protective against the 
development of osteoporosis later in life at trabecular bone 
sites if athletic activity is not maintained.   
 When investigating the effect of physical activity on non-
weight-bearing bone, there are only a few studies that have 
investigated the effect of detraining. These data were 
gathered from premenopausal women and young men and 
show a consistent residual effect of physical activity on 
BMD. It might be that bone mass in long bones such as the 
humerus and legs (consisting of more cortical bones) are lost 
a slower rate than at sites consisting of more trabecular bone, 
such as the femoral neck [52]. However, with respect to 

protection for fractures later in life, it is important to note 
that fragility fractures are predominantly sustained at sites 
rich in trabecular bone, such as the proximal femur.  
 From the studies published to date, there seems to be a 
difference in how bone sites consisting of predominantly 
trabecular bone or cortical bone respond to detraining. 
Exercise-induced bone gain is lost predominantly in bone 
sites rich in trabecular bone. A possible explanation for these 
divergent results is unknown and needs investigating. 
Nevertheless, it can be speculated that the differential effect 
of reduced amounts of physical activity on cortical and 
trabecular bone is due to different turnover times [53]. In 
general, randomized and controlled studies with an adequate 
sample size, as well as retention of subjects with compliance, 
need to be carried out along with ample follow-up times in 
order to shed light on the effect of detraining on bone 
mineral density.  

CONCLUSIONS 

 In conclusion, it seems that weight-bearing bone (espe-
cially the femoral neck) is highly sensitive to changes in 
levels of physical activity. These studies indicate that a high 
peak bone mass from previous training is not protective 
against the development of osteoporosis later in life at bone 
sites rich in trabecular bone if the athletic activity is not 
maintained. 
 Few studies have investigated the effect of detraining on 
non-weight-bearing bones; therefore, any available data 
should be interpreted cautiously. However, it seems that 

Table 2. The Effect of Detraining on Non-Weight Bearing Bones 
 

Authors Study Design Participants 
Physical 
Activity 
Period 

Intervention 
/Exercise 

Detraining 
Period Measurements Results 

The effect of detraining in men 

Tervo et al. 
[43] 

Observational 
longitudinal 

IG1 51 17.2±1.3 
IG2 16 17.3±1.8 
C 25 16.9±0.6 

2.9 years Badminton playing, 
Ice hockey playing 

8.2 years BMD TB, S, FN IG1lost more FN 
BMD than IG2, C 

Kontulainen  
et al. [44] 

Observational 
longitudinal 

IG 13 26.0±5.1 
C 13 26.2±5.9 

 Tennis players 2.3 years BMD Hpr, Hs, Rs, 
dR 

No changes in 
relative side to side 

differences in groups 
or between groups 

The effect of detraining in premenopausal women 

Bass et al. [46] Cross 
sectional 

IG 36 25.0±0.9 
C 15 25.3±1.0 

 Gymnasts 8 years BMD TB, FN, 
W, tr, LS, A, L 

IG greater BMD at 
TB, FN, W, tr, A, L 

than C 

Kontulainen  
et al. [45] 

Observational 
longitudinal 

IG1 36 21.6±7.6 

IG2 28 39.4±10.5 
C 27 28.6±10.0 

 Racket sports 

5 years 

IG1, IG2 educed 
activity from 4.7, 
4.0 times a week 
to 1.4, 2.0 times a 

week resp. 

BMC Hpr, Hs, 
dR 

IG1 decreased in 
relative side to side 

difference in Hpr, Rd 
IG2 increased in 

relative side to side 
difference in Hpr, Rd 

Heinonen  
et al. [47] CT 

IG 13 23.8±5.0 
C 19 25.7±5.2 

1 year 
Unilateral upper 

strength training 5 
times a week 

8 months 
BMC, BMD Hpr, 

Hs, Rs, Us, dF 
BMD C 

NS 

Abbreviations: IG=Intervention group, CG=Control group, BMD= bone mineral density, TB=total body, S=spine, FN=femoral neck, Hpr=Humerus proximal, Rs=radial shaft, dR= 
distal radius, W= Ward´s triangle, tr= trochanter, LS=lumbar spine, A=arms, L=legs, C=calcaneus, Us=Ulnar shaft, dF=distal forearm, Hs= Humeral shaft, NS=non significant. 
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there is a consistent residual effect of physical activity on 
BMD, at least among the young men and premenopausal 
women who participated in these studies.  
 Randomized and controlled studies with an adequate 
sample size, as well as retention of subjects with compliance, 
need to be carried out with ample follow-up time in order to 
shed light on the effect of detraining on bone mineral 
density. This knowledge is essential if physical activity is to 
be regarded as evidence-based therapy and cost-effective 
treatment when it comes to increasing bone mineral density, 
which may ultimately reduce the burden of fractures on 
society.  
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