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Correlation between BMD and Physical Activity Scores in 
Lower Limb Amputees
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Abstract
Background: Low bone mineral density is one of the common clinical problems in lower limb 
amputees that may lead to more serious complications.

Objectives: We aimed to evaluate (i) the incidence of low Bone Mineral Density (BMD) in intact 
and amputated limbs, and (ii) the correlation between BMD and physical activity scores in lower 
limb amputees.

Study Design: A cross-sectional and non-interventional trial was conducted in lower limb amputees 
in physical medicine and rehabilitation department of a university hospital.

Methods: Forty-two unilateral lower limb amputees actively using prosthetics were enrolled. Dual 
Energy x-ray Absorptiometry (DXA) scanning was performed on all patients. Bone Mineral Density 
(BMD) for the lumbar spine (L1-L4) and bilateral femur (total hip, femoral neck) sites were assessed 
by using DXA (Lunar Prodigy Advance; GE, Madison, WI, USA). To evaluate the physical activity 
scores, Trinity Amputation and Prosthetic Experience Scales (TAPES) and Nottingham Extended 
Activities of Daily Living (NEADL) scales were used.

Results: The rate of low BMD for the total hip and femoral neck on the amputated side were 80% 
and 83% respectively. The BMD values of the femur sites were found decreased on the amputated 
side with a statistically significant difference than the intact side (p<0.001). Femur Z scores of 
transfemoral amputees were significantly lower than transtibial amputees (p<0.05). There was no 
correlation between NEADL and TAPES Activity scores and BMD values.

Conclusion: Lower limb amputation, particularly the transfemoral amputation was associated with 
loss of bone mineral density. It has been observed that the use of prosthesis and active lifestyle alone 
will not be enough to protect from osteoporosis.
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Clinical Relevance
To our knowledge, this is the first study evaluating the correlation between BMD and physical 

activity scores in lower limb amputees. Our participants were already active prosthesis user, so we 
may not have found a correlation between physical activity scores and BMD. Prevention should be 
targeted on early and rapid weight bearing rehabilitation program, even in some cases it may be 
necessary to support with medical agents.

Background
Osteoporosis is one of the health problems that the lower limb amputees faced [1]. As a result of 

long-term unloading, rapid bone mineral density loss occurs after surgery [2,3]. The duration of bed 
rest, age, sex and the other comorbidities can affect the bone turnover [4]. After the patient becomes 
ambulatory, amputation level and prosthesis compliance may affect the bone loss especially on the 
affected side [5].

Some studies have shown the increased bone loss in lower limb amputees [3,6,7]. The etiology of 
bone loss is uncertain but disuse or underuse of the amputated limb is shown to be main problem. 
Loss of proprioceptive sense especially from the ankle joint and asymmetrical gait pattern with 
a shortened stance phase of the amputated limb may cause a less active amputated limb during 

Rana Terlemez1*,  Ahmet Usen2, Beril Dogu3, Figen Yılmaz3 and Banu Kuran3

1IUC Cerrahpasa School of Medicine, Turkey

2Bagcılar Medipol Mega University Hospital, Turkey

3Sisli Hamidiye Etfal Research and Training Hospital, Turkey

OPEN ACCESS

 *Correspondence:
Rana Terlemez, IUC Cerrahpasa 

School of Medicine, Turkey,
E-mail: ranakaynar@hotmail.com

Received Date: 27 Jul 2021
Accepted Date: 20 Sep 2021
Published Date: 23 Sep 2021

Citation: 
Terlemez R,  Usen A, Dogu B, Yılmaz 
F, Kuran B. Correlation between BMD 
and Physical Activity Scores in Lower 

Limb Amputees. Clin Surg. 2021; 6: 
3310.

Copyright © 2021 Rana Terlemez. 
This is an open access article 
distributed under the Creative 

Commons Attribution License, which 
permits unrestricted use, distribution, 

and reproduction in any medium, 
provided the original work is properly 

cited.



2

Rana Terlemez, et al., Clinics in Surgery - Orthopedic Surgery

Remedy Publications LLC., | http://clinicsinsurgery.com/ 2021 | Volume 6 | Article 3310

daily living activities [8,9]. Therefore, lower limb amputees are under 
the risk of having lower Bone Mineral Density (BMD) and muscle 
strength.

Amputees may become deconditioned quickly until they are 
able to use a fitted prosthesis. Flint et al. showed the loss of BMD 
in active military population despite the rehabilitation program [10]. 
Also, the energy and time requirement during physical activities 
are much more according to normal population [11]. Therefore, 
lower limb amputees are under the risk of reduced physical activity. 
Goktepe et al. [12] showed that regular exercises were not associated 
with upper BMD scores below the injury level in spinal cord injured 
patients. Amputees are considered to be a similar group with spinal 
cord injured patients from some points like reduced weight load to 
the affected side. But to the best of our knowledge, there is no study 
investigating the correlation between BMD and physical activity 
scores in lower limb amputees.

The purpose of this study was to evaluate (i) the incidence of low 
BMD in intact and amputated limbs, and (ii) the correlation between 
BMD and physical activity scores in lower limb amputees.

Methods
Study design

A cross-sectional and non-interventional trial was conducted 
in lower limb amputees in physical medicine and rehabilitation 
department of a university hospital.

Study population
Unilateral lower limb amputees admitted to our outpatient clinic 

were enrolled. Informed consent was obtained from each patient. 
Forty-two patients, aged between 18 to 50 years with unilateral lower 
limb amputation were included in the study. All participants were 
actively using prosthetics. Bilateral amputees, amputees from joint 
level and patients with a metabolic disease affecting the BMD were 
excluded. Patients with a condition to avoid DXA scanning like metal 
implants or pregnancy were excluded, too.

Outcome measures
Bone mineral density: Dual Energy X-ray Absorptiometry 

(DXA) scanning was performed on all patients. BMD for the lumbar 
spine (L1-L4) and bilateral femur (total hip, femoral neck) sites were 
assessed by using DXA (Lunar Prodigy Advance; GE, Madison, WI, 
USA). The low BMD is defined with a Z score greater than 1 SD below 
the mean (Z< -1.0). In this study we did not use the terms osteopenia 
or osteoporosis. Because these terms are typically associated with T 
score measurements [13].

Trinity amputation and prosthetic experience scales: In order 
to measure physical activity, a section was extracted from the Turkish 
version of Trinity Amputation and Prosthesis Experience Scales 
(TAPES) was used [14]. Topuz et al. [15] showed that this version 
is valid and reliable in 2011. The Activity restriction section of this 
scale was used, which has 12 questions in total. Each question scored 
with a 3-point Likert scale. The total score that can be obtained from 
this section ranged between 12 to 36 points. The questionnaire was 
short and easy to use, taking no more than 5 minutes for the patients 
to finish.

Nottingham extended activities of daily living (NEADL): 
Functional independence was assessed by using the Nottingham 
Extended Activities of Daily Living (NEADL) scale [16]. The NEADL 

scale was developed for stroke but is used widely as an outcome 
measure in rehabilitation area. Sahin et al. [17] showed that the 
Turkish version of NEADL is valid and reliable in 2008. NEADL 
evaluates the independence in daily living activities in 4 subsections; 
mobility, kitchen, domestic, leisure time activities. In total NEADL 
consists of 22 questions. Responses were evaluated on 0 to 3 score 
scale and ranged between 0 to 66 points.

Statistical analysis
Statistical analyzes were performed using SPSS version 20.0 

software. Descriptive analyzes were given using mean, standard 
deviation and median for normal non-dispersive variables. In the 
cases where the data showed normal distribution, t test was used 
in independent groups. Pearson Correlation analysis was used to 
correlate the measured data with each other. Interrelationships of the 
measured data were examined by Intraclass Correlation Coefficient 
Test. The P-value was below 0.05 were considered statistically 
significant.

Results
Forty-two consecutive lower limb amputees were enrolled (8 

females, 34 male). Twenty-five of the cases included in the study were 
transtibial amputees and 17 were transfemoral amputees. The mean 
age ± SD was 26.3 ± 11.3 years. The mean duration after amputation 
was 9.7 ± 3.4 years. The mean Body Mass Index (BMI) was 23.4 ± 
4.1 kg/m2. The rate of normal-weighted and under-weighted patients 
were 71.4% and 11.9% respectively. None of the patients were obese 
(Table 1).

The rate of low BMD for the total hip and femoral neck on the 
amputated side were 80% and 83% respectively. These rates on the 
intact side were 19% and 23.8% respectively. The rate of low BMD for 
the lumbar spine was 16.6%. The BMD values of the femur sites were 
found decreased on the amputated side with a statistically significant 
difference than the intact side (p<0.001) (Table 2).

Femur Z scores for both total hip and femoral neck of transfemoral 
amputees were significantly lower than transtibial amputees (p<0.05). 
There was no significant difference for lumbar spine scores according 
to amputation level. When physical activity scores were compared 

Variables Patients

Age, mean (years ± SD) 26.3 ± 11.3

Gender, male; female (number) 34;8

Amputation side, right; left (number) 18;24

Amputation level, transfemoral; transtibial (number) 17;25

The duration of amputation, mean (years ± SD) 9.7 ± 3.4

BMI, mean ± SD kg/m2 23.4 ± 4.1
BMI category, (number)
•	 Under-weighted (BMI: <18.5)
•	 Normal-weighted (BMI: 18.5-24.9)
•	 Over-weighted (BMI: 25-29.9)
•	 Obesity (BMI: >30)

5
30
7
0

Table 1: Baseline characteristics of the patients.

Amputated side Intact side
p*

Mean  SD Median Mean  SD Median
Femur neck 
BMD (g/cm2) 0.81 ± 0.27 0.91 1.01 ± 0.14 1.00 <0.001

Femur total
BMD (g/cm2) 0.78 ± 0.31 0.83 1.06 ± 0.20 1.00 <0.001

Table 2: Comparison of BMD scores between amputated side and intact side.
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according to amputation level, no significant difference was found 
between the two groups (Table 3).

There were no correlations between NEADL and TAPES 
activity scores and BMD values (p>0.05) (Table 5). Also, Intraclass 
Correlation Coefficient test was used to evaluate the consistency 
between activity scores and BMD values but there was no significant 
consistency (p>0.05).

Discussion
To the best of our knowledge, this is the first study to evaluate the 

correlation between BMD and physical activity scores in lower limb 
amputees. The BMD values of the femur sites were found decreased 
on the amputated side with a statistically significant difference than 
the intact side (p<0.001). Also, femur Z scores for both total hip and 
femoral neck of transfemoral amputees were significantly lower than 
transtibial amputees (p<0.05). This study showed that there was no 
correlation between physical activity scores and BMD values.

In previous studies, BMD differences of femur sites between 

amputated and intact sides were shown [1,18]. Sherk et al. [6] 
demonstrated lower BMD values on the amputated femur sites in a 
smaller patient group, especially in transfemoral amputees similar to 
our study. The etiology of bone loss still remains unclear but it is likely 
to be a local phenomenon. BMD may be affected by some factors 
such as level of physical activity, muscle strength, genetic factors and 
diet habits [19]. Some authors emphasized that the lack of muscular 
activity may have a role for bone loss in non-amputees [20,21]. On 
the other hand, Tugcu et al. [3] reported that muscle strength itself 
does not seem to be associated with BMD in transtibial amputees. 
In our study, we implied that level of physical activity itself might 
not be significantly important for BMD. Similar to Tugcu’s study, our 
participants were physically active with their prosthesis in their daily 
living activities. Also, the study population was consisted of patients 
without metabolic disease below the age of 50.

Patients are being advised to do exercises and increase mechanical 
loading to prevent osteoporosis, especially in healthy population. 
Although there is not enough data supporting this assumption in 
disabled people. Goktepe et al. [12] showed that physical exercise 
was not associated with greater BMD values below the injury level 
in spinal cord injured patients. In our study we reported similar 
results in lower limb amputees. On the other hand, Smith et al. [22] 
reported that mobility status is an independent predictor of BMD at 
the proximal femur in disabled population. They studied in a wider 
patient group including spinal cord injured patients, amputees and 
other neurologic conditions.

The altered and asymmetrical gait pattern of the amputees puts 
an increased amount of mechanical stress on the intact side. No 
matter how much attention is given to the prosthesis compliance, 
the amputated limb is less active during daily physical activities [23]. 
When transfemoral amputees compared to transtibial amputees, 

Amputation Level

p*Transtibial Transfemoral

Mean ± SD Median Mean ± SD Median

NEADL score 54.72 ± 7.95 57.00 48.63 ± 11.23 52.00 0.698

TAPES score 28.17 ± 5.15 29.50 25.00 ± 7.71 25.50 0.187

Lumbar spine BMD (g/cm2) 1.26 ± 0.16 1.28 1.07 ± 0.21 1.00 0.574

 Lumbar spine Z score 0.09 ± 1.13 0.20 -0.29 ± 1.05 -0.10 0.810

Femur neck BMD (g/cm2) 0.26 ± 0.18 0.22 0.14 ± 0.33 0.00 0.038

Femur neck Z score 2.02 ± 1.37 1.65 1.57 ± 1.48 1.12 0.001

Femur total BMD (g/cm2) 0.30 ± 0.21 0.27 0.27 ± 0.43 0.00 0.011

Femur total Z score 2.08 ± 1.48 1.90 1.68 ± 1.66 1.00 <0.001

Table 3: Comparison of NEADL and TAPES activity scores and BMD values by amputation level.

*T test in independent groups; SD: standard deviation

Gender

p*Male Female

Mean ± SD Median Mean ± SD Median

NEADL score 51.6 ± 9.6 53.00 49.9 ± 13.5 56.50 0.94

TAPES score 26.9 ± 7.0 29.00 23.90 ± 5.7 24.50 0.12

Lumbar spine BMD (g/cm2) 1.2 ± 0.2 1.20 1.2 ± 0.1 1.2 0.91

Femur neck BMD (g/cm2) 0.8 ± 0.2 0.80 0.7 ± 0.2 0.70 0.46

Femur total BMD (g/cm2) 0.8 ± 0.2 0.80 0.7 ± 0.2 0.80 0.37

Table 4: Comparison of NEADL and TAPES activity scores and BMD values by gender.

*Student T test in independent groups; SD: standard deviation

 NEADL score TAPES score

 r p* r p*

Lumbar spine BMD (g/cm2) 0.037 0.815 0.076 0.633

 Lumbar spine Z score -0.047 0.766 -0.018 0.911

Femur neck BMD (g/cm2) 0.149 0.347 0.247 0.114

Femur neck Z score 0.076 0.631 0.249 0.111

Femur total BMD (g/cm2) 0.059 0.710 -0.012 0.941

Femur total Z score 0.020 0.898 0.273 0.081

Table 5: Correlation between NEADL and TAPES activity scores and BMD 
values.

*Pearson	correlation	test;	r:	correlation	coefficients
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they are under the risk of developing greater bone loss [2,6,10]. In 
transfemoral amputees body weight skips the proximal femur sites 
and passes through the prosthesis, directly [24]. We found that femur 
Z scores for both total hip and femoral neck of transfemoral amputees 
were significantly lower than transtibial amputees. This finding 
supports that transtibial amputees may transfer more body-weight 
to the proximal femur sites. There was no significant difference for 
lumbar spine scores according to amputation level. Lumbar spine 
BMD values could be considered as normal, as well other studies 
[6,12]. Maybe we could find a difference in lumbar spine BMD if we 
had compared amputees using prosthesis or not.

These findings suggest that the bones of amputees may not be 
resistant to the high mechanical stress. Amputees are already under 
a high risk of increased falling [25]. Therefore, it is important to 
evaluate the bone mass in terms of both early diagnosis and treatment 
to preserve the quality of life for amputees. To protect patients from 
fractures, risk level can be identified primarily by using BMD.

The use of DXA to evaluate BMD values is the most widely 
accepted diagnostic tool [26]. To exclude age-related osteoporosis 
and postmenopausal osteoporosis, we included premenopausal 
women and men below age 50. We followed the recommendation 
of International Society for Clinical Densitometry for using Z 
score in these populations [27]. Like most of the amputee studies 
we focused on BMD values. It was our limitation that we did not 
use bone turnover markers. Sclerostin is a glycoprotein which has 
recently began to be used more in osteoporosis research. Mechanical 
loading to long bones decreases the sclerostin levels and induces bone 
formation [28]. In a recent study Bemben et al. [7] showed elevated 
serum sclerostin levels in early post-amputation period and they 
pointed to the rapid bone loss in the first year of amputation. This 
duration may be the most critical period for preventing bone loss. 
Future research could be directed these markers even more.

Conclusion
Our findings show that physical activity status of the amputees 

does not seem to be very important, alone. Amputation level is 
important for bone loss; but our participants were already active 
prosthesis user and relatively young. For this reason, we may not 
have found a correlation between physical activity scores and BMD. 
It was thought that the bone loss is related the decreased local weight 
load to the femur proximal sites rather than general limitation of 
ambulation. Prevention should be targeted on early and rapid weight 
bearing rehabilitation program and to be supported by daily adequate 
calcium and vitamin D intake, even with anti-osteoporotic drugs.

Ethical Committee
This study was approved by the committee of the Ethical Board 

of our university hospital. All cases signed informed consent forms 
prior to enrollment.

References
1. Kulkarni J, Adams J, Thomas E, Silman A. Association between 

amputation, arthritis and osteopenia in British male war veterans with 
major lower limb amputations. Clin Rehabil. 1998;12:274-9.

2. Leclercq MM, Bonidan O, Haaby E, Pierrejean C, Sengler J. Study of bone 
mass with dual energy X-ray absorptiometry in a population of 99 lower 
limb amputees. Ann Readapt Med Phys. 2003;46(1):24-30.

3. Tugcu I, Safaz I, Yilmaz B, Salim GA, Mehmet AT, Kamil Y. Muscle 
strength and bone mineral density in mine victims with transtibial 

amputation. Prosthet Orthot Int. 2009;33(4):299-306.

4. Esquenazi A, DiGiacomo R. Rehabilitation after amputation. J Am Podiatr 
Med Assoc. 2001;91:13-22.

5. Perry J. Amputee gait. In: Smith DG, Michael JW, Bowker JH, editors. 
Atlas of amputations and limb deficiencies: Surgical, prosthetic, and 
rehabilitation principles. Rosemont, USA, 2004, p. 367-84.

6. Sherk VD, Bemben MG, Bemben DA. BMD and bone geometry in 
transtibial and transfemoral amputees. J Bone Miner Res. 2008;23:1449-57.

7. Bemben DA, Sherk VD, Ertl VJJ, Bemben MG. Acute bone changes after 
lower limb amputation resulting from traumatic injury. Osteoporos Int. 
2017;28:2177-86.

8. Davies B, Datta D. Mobility outcome following unilateral lower limb 
amputation. Prosthet Orthot Int. 2003;27:186-90.

9. Rossi SA, Doyle W, Skinner HB. Gait initiation of persons with below-
knee amputation: The characterization and comparison of force profiles. J 
Rehabil Res Dev. 1995;32:120-7.

10. Flint JH, Wade AM, Stocker DJ, Paul FP, Robin SH, Benjamin KP. Bone 
mineral density loss after combat-related lower extremity amputation. J 
Orthop Trauma. 2014;28:238-44.

11. Pinzur MS, Gold J, Schwartz D. Energy demands for walking in dysvascular 
amputees as related to the level of amputation. Orthopedics. 1992;15:1033-
7.

12. Goktepe AS, Yilmaz B, Alaca R. Bone density loss after spinal cord injury: 
Elite paraplegic basketball players vs. paraplegic sedentary persons. Am J 
Phys Med Rehab. 2004;83:279-83.

13. World Health Organization. Assessment of fracture risk and its application 
to screening for postmenopausal osteoporosis: Report of a WHO study 
group [meeting held in Rome from 22 to 25 June 1992]. 1994.

14. Gallagher P, MacLachlan M. Development and psychometric evaluation 
of the Trinity Amputation and Prosthesis Experience Scales (TAPES). 
Rehabil Psychol. 2000;45(2):130-54.

15. Topuz S, Ülger Ö, Yakut Y, Gül ŞF. Reliability and construct validity of 
the Turkish version of the Trinity Amputation and Prosthetic Experience 
Scales (TAPES) in lower limb amputees. Prosthet Orthot Int. 2011;35:201-
6.

16. Nouri FM, Lincoln NB. An extended activities of daily living scale for 
stroke patients. Clin Rehabil. 1987;1:301-5.

17. Sahin F, Yilmaz F, Özmaden A, Kotevoglu N, Sahin T, Kuran B. Reliability 
and validity of the Turkish version of the Nottingham extended activities 
of daily living scale. Aging Clin Exp Res. 2008;20(5):400-5.

18. Yazicioglu K, Tugcu I, Yılmaz B, Salim AG, Mohur H. Osteoporosis: A 
factor on residual limb pain in traumatic trans-tibial amputations. Prosthet 
Orthot Int. 2008;32:172-8.

19. Ribom E, Ljunggren Ö, Piehl-aulin K, Bratteby LE, Samuelson G. Muscle 
strength correlates with total body bone mineral density in young women 
but not in men. Scand J Med Sci Sports. 2004;14(1):24-9.

20. Nordström P, Thorsen K, Bergström E, Lorentzon R. High bone mass 
and altered relationships between bone mass, muscle strength, and body 
constitution in adolescent boys on a high level of physical activity. Bone. 
1996;19(2):189-95.

21. Nordström P, Thorsen K, Nordström G, Bergström E, Lorentzon R. Bone 
mass, muscle strength, and different body constitutional parameters 
in adolescent boys with a low or moderate exercise level. Bone. 
1995;17(4):351-6.

22. Smith EM, Comiskey CM, Carroll AM. A study of bone mineral density in 
adults with disability. Arch Phys Med Rehabil. 2009;90(7):1127-35.

23. Powers CM, Torburn L, Perry J, Ayyappa E. Influence of prosthetic 
foot design on sound limb loading in adults with unilateral below-knee 

https://pubmed.ncbi.nlm.nih.gov/9744670/
https://pubmed.ncbi.nlm.nih.gov/9744670/
https://pubmed.ncbi.nlm.nih.gov/9744670/
https://pubmed.ncbi.nlm.nih.gov/12657478/
https://pubmed.ncbi.nlm.nih.gov/12657478/
https://pubmed.ncbi.nlm.nih.gov/12657478/
https://pubmed.ncbi.nlm.nih.gov/19961291/
https://pubmed.ncbi.nlm.nih.gov/19961291/
https://pubmed.ncbi.nlm.nih.gov/19961291/
https://academic.oup.com/ptj/article/86/4/595/2805121
https://academic.oup.com/ptj/article/86/4/595/2805121
https://academic.oup.com/ptj/article/86/4/595/2805121
https://pubmed.ncbi.nlm.nih.gov/18410229/
https://pubmed.ncbi.nlm.nih.gov/18410229/
https://pubmed.ncbi.nlm.nih.gov/28365850/
https://pubmed.ncbi.nlm.nih.gov/28365850/
https://pubmed.ncbi.nlm.nih.gov/28365850/
https://pubmed.ncbi.nlm.nih.gov/14727699/
https://pubmed.ncbi.nlm.nih.gov/14727699/
https://pubmed.ncbi.nlm.nih.gov/7562651/
https://pubmed.ncbi.nlm.nih.gov/7562651/
https://pubmed.ncbi.nlm.nih.gov/7562651/
https://pubmed.ncbi.nlm.nih.gov/23912861/
https://pubmed.ncbi.nlm.nih.gov/23912861/
https://pubmed.ncbi.nlm.nih.gov/23912861/
https://pubmed.ncbi.nlm.nih.gov/1437862/
https://pubmed.ncbi.nlm.nih.gov/1437862/
https://pubmed.ncbi.nlm.nih.gov/1437862/
https://pubmed.ncbi.nlm.nih.gov/15024329/
https://pubmed.ncbi.nlm.nih.gov/15024329/
https://pubmed.ncbi.nlm.nih.gov/15024329/
https://apps.who.int/iris/handle/10665/39142
https://apps.who.int/iris/handle/10665/39142
https://apps.who.int/iris/handle/10665/39142
https://www.researchgate.net/publication/263914643_Development_and_psychometric_evaluation_of_the_Trinity_Amputation_and_Prosthesis_Experience_Scales_TAPES
https://www.researchgate.net/publication/263914643_Development_and_psychometric_evaluation_of_the_Trinity_Amputation_and_Prosthesis_Experience_Scales_TAPES
https://www.researchgate.net/publication/263914643_Development_and_psychometric_evaluation_of_the_Trinity_Amputation_and_Prosthesis_Experience_Scales_TAPES
https://pubmed.ncbi.nlm.nih.gov/21697202/
https://pubmed.ncbi.nlm.nih.gov/21697202/
https://pubmed.ncbi.nlm.nih.gov/21697202/
https://pubmed.ncbi.nlm.nih.gov/21697202/
https://journals.sagepub.com/doi/10.1177/026921558700100409
https://journals.sagepub.com/doi/10.1177/026921558700100409
https://pubmed.ncbi.nlm.nih.gov/19039280/
https://pubmed.ncbi.nlm.nih.gov/19039280/
https://pubmed.ncbi.nlm.nih.gov/19039280/
https://pubmed.ncbi.nlm.nih.gov/18569885/
https://pubmed.ncbi.nlm.nih.gov/18569885/
https://pubmed.ncbi.nlm.nih.gov/18569885/
https://pubmed.ncbi.nlm.nih.gov/14723784/
https://pubmed.ncbi.nlm.nih.gov/14723784/
https://pubmed.ncbi.nlm.nih.gov/14723784/
https://pubmed.ncbi.nlm.nih.gov/8853864/
https://pubmed.ncbi.nlm.nih.gov/8853864/
https://pubmed.ncbi.nlm.nih.gov/8853864/
https://pubmed.ncbi.nlm.nih.gov/8853864/
https://pubmed.ncbi.nlm.nih.gov/8573407/
https://pubmed.ncbi.nlm.nih.gov/8573407/
https://pubmed.ncbi.nlm.nih.gov/8573407/
https://pubmed.ncbi.nlm.nih.gov/8573407/
https://pubmed.ncbi.nlm.nih.gov/19577025/
https://pubmed.ncbi.nlm.nih.gov/19577025/
https://pubmed.ncbi.nlm.nih.gov/8024435/
https://pubmed.ncbi.nlm.nih.gov/8024435/


5

Rana Terlemez, et al., Clinics in Surgery - Orthopedic Surgery

Remedy Publications LLC., | http://clinicsinsurgery.com/ 2021 | Volume 6 | Article 3310

amputations. Arch Phys Med Rehabil. 1994;75(7):825-9.

24. Lemaire ED, Fisher FR. Osteoarthritis and elderly amputee gait. Arch Phys 
Med Rehabil. 1994;75(10):1094-9.

25. Miller WC, Speechley M, Deathe B. The prevalence and risk factors of 
falling and fear of falling among lower extremity amputees. Arch Phys 
Med Rehab. 2001;82:1031-7.

26. Beattie KA, Boulos P, Duryea J, Neill JO, Pui M, Gordon CL, et al. The 
relationships between bone mineral density in the spine, hip, distal femur 

and proximal tibia and medial minimum joint space width in the knees of 
healthy females. Osteoarthritis Cartilage. 2005;13(10):872-8.

27. Lewiecki EM, Gordon CM, Baim S, Leonard MB, Bishop NJ, Bianchi 
ML, et al. International Society for Clinical Densitometry 2007 adult and 
pediatric official positions. Bone. 2008;43:1115-21.

28. Robling AG, Niziolek PJ, Baldridge LA, Keith WC, Matthew RA, Imranul 
A, et al. Mechanical stimulation of bone in vivo reduces osteocyte 
expression of Sost/sclerostin. J Biol Chem. 2008;283(9):5866-75.

https://pubmed.ncbi.nlm.nih.gov/8024435/
https://pubmed.ncbi.nlm.nih.gov/7944914/
https://pubmed.ncbi.nlm.nih.gov/7944914/
https://pubmed.ncbi.nlm.nih.gov/11494181/
https://pubmed.ncbi.nlm.nih.gov/11494181/
https://pubmed.ncbi.nlm.nih.gov/11494181/
https://pubmed.ncbi.nlm.nih.gov/16154772/
https://pubmed.ncbi.nlm.nih.gov/16154772/
https://pubmed.ncbi.nlm.nih.gov/16154772/
https://pubmed.ncbi.nlm.nih.gov/16154772/
https://pubmed.ncbi.nlm.nih.gov/18793764/
https://pubmed.ncbi.nlm.nih.gov/18793764/
https://pubmed.ncbi.nlm.nih.gov/18793764/
https://pubmed.ncbi.nlm.nih.gov/18089564/
https://pubmed.ncbi.nlm.nih.gov/18089564/
https://pubmed.ncbi.nlm.nih.gov/18089564/

	Title
	Abstract
	Clinical Relevance
	Background
	Methods
	Study design
	Study population
	Outcome measures
	Statistical analysis

	Results
	Discussion
	Conclusion
	Ethical Committee
	References
	Table 1
	Table 2
	Table 3
	Table 4
	Table 5

