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The study aimed to assess bone mineral density (BMD) and vita-
min D status in war veterans after unilateral lower limb amputa-
tion (ULLA). Methods. In the case-control study, 64 men aged 
20–54 years were examined and divided into two groups: healthy 
subjects without any diseases or conditions affecting bone me-
tabolism (control group) and men who received ULLA (study 
group). The analysis was performed depending on the presence 
and level of amputation. BMD was measured by two energy  
X-ray absorptiometry, and vitamin D status was assessed by se-
rum dihydroxyvitamin D (25(OH)D) levels. Results. Significantly 
lower BMD values were found in the femoral neck and the hip 
of the amputated (p = 0.00002 and p  =  0.0002, respectively), 
byt not in the contralateral side or lumbar spine in amputees 
compared with controls. Significantly worse BMD indices were 
found in the femoral neck and the hip in men with transfemoral 
amputation compared with those with transtibial amputation 
at the  level of  the amputation, but not the contralateral side. 
BMD of  the  femoral neck of the amputated side significantly 
correlated with the duration of the post-amputation period 
(r = –0.47; p = 0.01). Significantly lower serum level of 25(OH) D 
was found in amputees compared to controls (25.9 ± 4.8) and 
(32.0 ± 9.8) ng/ml; p = 0.002). 50 % of the control group and 
81.25 % of the study group had low side of 25(OH)D. Conclu-
sions. The results demonstrated BMD changes in subjects after 
ULLA, a significant relationship between BMD and the duration 
of the post-amputation period, and a high proportion of vitamin 
D deficiency and insufficiency, which should be taken into ac-
count when planning rehabilitation measures in this category 
of patients. 

Мета. Оцінити мінеральну щільність кісткової тканини 
(МЩКТ) та статус вітаміну D у військовослужбовців після 
односторонньої ампутації нижньої кінцівки (НК). Методи. 
Обстежено 64 чоловіків віком 20–54 років, поділених на 
2  групи: здорові особи без будь-яких захворювань і станів 
із визначеним впливом на метаболізм кісткової тканини 
(контрольна група) та потерпілі після ампутації однієї НК 
(досліджувана група). Аналіз проводили залежно від наяв-
ності й рівня ампутації. Вимірювання МЩКТ здійснювали 
за допомогою двофотонної рентгенівської абсорбціометрії, 
статус вітаміну D оцінювали за сироватковим рівнем ди-
гідроксивітаміну D (25(ОН)D). Результати. Виявлено дос
товірно нижчі показники МЩКТ шийки стегнової кістки 
(ШСК) та проксимального відділу стегнової кістки (ПВСК) 
ампутованої кінцівки (р = 0,00002 та р = 0,0002, відповід-
но), проте не контрлатеральної НК чи хребта в ампутова-
них осіб порівняно з показниками контролю. Зафіксовано 
достовірно гірші показники МЩКТ ШСК та ПВСК у чолові-
ків із трансфеморальною ампутацією порівняно з особами 
з транстібіальною на рівні ампутованої, проте не контр-
латеральної НК. МЩКТ ШСК ампутованої НК достовір-
но корелювала з тривалістю постампутаційного періоду 
(r = –0,47; р = 0,01). Виявлено достовірно нижчі показники 
сироваткового рівня 25(ОН)D в осіб із ампутацією порівняно 
з контролем ((25,9 ± 4,8) та (32,0 ± 9,8) нг/мл; р  =  0,002). 
Низькі рівні 25(ОН)D мали 50 % осіб контрольної та 81,25 % 
досліджуваної групи. Висновки. Результати дослідження 
продемонстрували погіршення стану кісткової тканини на 
тлі односторонньої ампутції НК, достовірний зв’язок між 
МЩКТ і тривалістю постампутаційного періоду та високу 
частку дефіциту й недостатності вітаміну D, що слід ура-
ховувати під час планування реабілітаційних заходів у цієї 
категорії хворих. Ключові слова. Ампутація нижньої кін-
цівки; мінеральна щільність кісткової тканини; 25(ОН) D; 
ДРA; остеопороз.

Keywords. Lower-limb amputation; bone mineral density; 25(ОН)D; DХA; osteoporosis



ISSN 0030-5987. Orthopaedics, traumatology and prosthetics. 2025.  № 3

PR
EV

IE
W

PR
EV

IE
W

Introduction
The full-scale Russian invasion of Ukraine over 

the past three years has led to an unprecedented in-
crease in the number of combat gunshot and mine-
explosive injuries among both military personnel 
and civilians. Among these injuries, limb amputa-
tions (LAs) occupy a special place, which not only 
disrupt the integrity of the musculoskeletal system, 
but are also characterized by profound physiolog-
ical, psychoemotional, and social consequences for 
the injured individuals and society as a whole. Impor-
tant complications of amputations are post-traumatic 
stress disorder, phantom pain, infectious lesions, and 
post-immobilization osteoporosis, which impedes 
adequate rehabilitation of patients and causes the 
development of low-traumatic fractures in the long 
term [1–2].

Unfortunately, there is limited recent literature 
on the development of post-immobilization osteopo-
rosis and its complications in amputees [3–6], and 
the available information on the impact of amputa-
tion on the rate of disease progression is fragmen-
tary and does not fully reflect its real consequences 
for the health of injured people. Most of the exist-
ing studies or systematic reviews on post-immobi-
lization osteoporosis focus on the features of bone 
loss in astronauts [7, 8] and people with chronic dis-
eases that lead to prolonged immobilization [9, 10], 
and there are very few high-quality scientific stud-
ies on the comprehensive assessment of bone tissue 
in people after LA. Therefore, further observations 
of the state of bone tissue in this category of injured 
people can help to identify the features of its loss, de-
velop personalized approaches to the prevention and 
treatment of  post-immobilization osteoporosis, and 
also reduce the number of complications due to pro-
longed rehabilitation and disability. Studying this is-
sue will contribute to the formation of new protocols 
for physical therapy and drug correction taking into 
account anatomical and functional changes after am-
putation. The results will have not only clinical, but 
also humanitarian and strategic value for the post-war 
recovery of the country, the reintegration of veterans 
into society and the formation of an effective mili-
tary medicine system in the future. Purpose: to assess 
bone mineral density (BMD) and vitamin D status in 
servicemen after unilateral amputation of  the lower 
limb. 

Material and methods 
To achieve this goal, we conducted a study on 

the basis of the Superhumans Center, Lviv Territorial 
Medical Association Clinical Hospital for Planned 

Treatment, Rehabilitation and Palliative Care, and 
the State Institution “D. F. Chebotaryov Institute 
of Gerontology of the National Academy of Medical 
Sciences of Ukraine” (Kyiv) in June–August 2024, 
a case-control study was conducted with the  par-
ticipation of 64 men aged 20–54 years (mean age 
35.0 ± 8.3).

Two groups were selected for analysis: healthy 
men without any diseases and conditions with a cer-
tain impact on bone metabolism (control group, 
n = 32, mean age (34.9 ± 9.0) years) and individuals 
who had one lower limb amputation as a result of mil-
itary operations and were in the “Superhumans” cen-
ter for the purpose of primary or secondary prosthet-
ics (study group, n = 32, mean age (35.1 ± 7.8) years). 
In the future, for analysis, men in the second group 
were divided into two subgroups: A — individuals 
with transfemoral amputation and B — with transti-
bial amputation.

The study was conducted in compliance with 
the  requirements and provisions of the Helsinki 
Declaration on Human Rights (2000), the Council 
of Europe Convention on Human Rights and Bio-
medicine (1997), the Fundamentals of Ukrainian 
Legislation on Health Care (1992), and the current 
national ethical standards for conducting clinical re-
search. The  study was approved by the local ethics 
committee of  the  State Institution “D. F. Chebota-
ryov Institute of Gerontology of the National Acad-
emy of Medical Sciences of Ukraine” (Protocol No. 4 
dated 20.06.2024). All participants provided written 
informed consent to participate in it.The study em-
ployed general clinical, instrumental and laboratory 
research methods.

Measurement of the main anthropometric in-
dicators (height and body weight) with calcula-
tion of body mass index (BMI) was carried out us-
ing a  calibrated stationary height meter “Seca202”,  
RP-200 and medical scales “Zdorovya” in the morn-
ing, on an empty stomach, in a calm state after urina-
tion, in light clothing, without shoes and hats. The re-
sults of height measurement were recorded with an 
accuracy of 1 cm, body weight — up to 0.1 kg.

In the individuals of the study group, the adjusted 
body weight (weight (corrected)) was also calculated, 
which reflects the approximate value of the “full” 
weight in a patient without an amputation using 
the formula:

weight (corrected) = weight (actual) − P,

where weight (actual) is the patient's body weight (kg) 
without taking into account the prosthesis; P is 
the fraction of total body weight lost due to amputation 
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(in decimal format, e. g. 0.059 = 5.9 %). For ampu-
tation of one limb below the knee joint it is ~ 5.9 % 
(p = 0.059), above 16%, full foot ~ 1.5% [11].

BMI was calculated using the standard formula 
(BMI = body weight (kg) / height (m)2) for the con-
trol group and a similar but adapted formula with the 
adjusted body weight index (adjusted body weight) 
depending on the level of LA (adjusted BMI = ad-
justed body weight (kg) / height (m)2) for the men in 
the study group.

Bone mineral density was measured using 
the two-photon X-ray absorptiometry (DXA) method 
using two DISCOVERY densitometers with auto-
matic calculation of the Z-score using densitometer 
software. The indicators were measured at the level 
of the proximal femur (PF) and its neck in the ampu-
tated and contralateral limbs, as well as at the level 
of the lumbar spine (LS) LI–LIV. The study was per-
formed in the morning by two qualified specialists. 
Preparation and positioning of the subjects, autocal-
ibration and quality control of densitometers using 
a  QA phantom were performed in accordance with 
the manufacturer's requirements.

Laboratory studies included measurement 
of  the  level of dihydroxyvitamin D (25(OH) D) in 
blood serum by electrochemiluminescent immunoas-
say (ECLIA) using an automated analyzer Соbas 
e411 (Roche Diagnostics) using original Roche re-
agents. Venous blood sampling of the subjects was 
performed in the morning on an empty stomach, fol-
lowed by centrifugation (at 2,000 rpm for 10 min to 
obtain serum) and analysis.

Statistical analysis was performed using 
the  “Statistika 10.0” Copyright© StatSoft, Inc. 
1984–2001 software, Serial number 31415926535897. 
The nature of the distribution of the results was deter-
mined by the Shapiro-Wilk criterion. Under normal 
distribution conditions, data were presented as mean 
and standard deviation (M ± SD), under non -normal 
distribution conditions, as median (Me) and inter-
quartile range [LQ–UQ]. Relationships between in-
dicators were assessed using Pearson or Spearman 
correlation analysis depending on the nature of their 
distribution. Differences between quantitative indi-
cators of the studied groups were assessed using Stu-
dent's t-test for unrelated samples and Mann-Whit-
ney U Test, differences between percentage indicators 
were assessed using χ2 and were considered signifi-
cant at p < 0.05.

Results
The analysis of the results showed that the subjects 

did not differ in age (t = 0.11, p = 0.91), body weight 

(81.4 ± 13.9) in the control and (77.1  ±  13.8)  kg in 
the study groups, respectively, t = 1.2; p = 0.22), ad-
justed body weight ((81.4 ± 13.9) and (88.7 ± 16.8) kg, 
respectively, t = 1.9; p = 0.07) and BMI ((25.2 ± 3.6) 
and (25.0 ± 4.1) kg/m2; t = 1.1; p = 0.82), although 
the  individuals of the study group had signifi-
cantly lower height indicators ((175.6 ± 5.2) and 
(179.6 ± 6.3) cm, respectively; t = 2.7; p = 0.008) and 
higher values of adjusted body weight ((28.7 ± 5.0) and 
(25.2 ± 3.6) kg/m2, respectively, t = 3.2; p = 0.002).

Traumatic amputation in patients of the  study 
group was confirmed at the level of the lower 
leg (n  =  21) or thigh (n = 11). The duration 
of  the  post-amputation period in the examined pa-
tients of this group was from 1.5 to 27 months and 
was, on average, 5.0 (4.0– 7.0) months. It did not 
differ depending on the  level of  amputation (tran-
stibial (5.0 (3.5– 6.0)  months or transfemoral (6.0 
(4.0– 7.0) months; in Z = 1.28; p = 0.20). Also, patients 
in the  study group did not differ among themselves 
in terms of age (t = 0.62; p = 0.54), height (t = 0.34; 
p = 0.73), body weight (t = 0.68; p = 0.50) and BMI 
(t = 0.85; p = 0.40), although men with transfemo-
ral amputation had significantly higher adjusted 
body weight (t = 2.11; p = 0.04) and BMI (t = 2.20; 
p = 0.04).

The study of risk factors for low BMD found 
that among 65.6% of the subjects in the study group 
and 31.3% of the control group smoked (χ2 = 7.57; 
p =  0.006). Previous high-traumatic fractures were 
reported by 18.8  % of the subjects and 15.6  % 
of  the  control group. Concomitant chronic respira-
tory, cardiovascular, and gastrointestinal diseases 
were reported by 31.3 % of the subjects and 18.8 % 
of the control group (χ2 = 1.22; p = 0.24).

Analysis of DXA indicators (Table 1) in the sub-
jects, depending on the presence of traumatic am-
putation, revealed significantly lower BMD data in 
the subjects in the study group compared to control 
values at the level of the femoral neck (FN) and 
the  PF of  the amputated limb (t = 4.7; p = 0.00002 
and t = 4.0; p = 0.0002, respectively). In contrast to 
the above, we did not find any significant differences 
in BMD at the  level of the FN and PF of the  limb 
contralateral to the amputation (t = 0.2; p = 0.84 
and t = 1.0; p = 0.33, respectively). BMD at the level 
of the LS tended to differ but did not reach significant 
values (t = 1.8; p = 0.07, Table 1).

Low BMD of the FN and PF (Z-index ≤ –2 SD) at 
the level of the amputated limb was found in 42 and 
39 % of cases in the study group and in no patient at 
the level contralateral to the LA, while in the control 



ISSN 0030-5987. Orthopaedics, traumatology and prosthetics. 2025.  № 3

PR
EV

IE
W

PR
EV

IE
W

group, low BMD (Z-index ≤ –2 SD) was not recorded 
in any man at either the FN or PF levels.

Evaluation of the results of DXA in the study 
group depending on the level of amputation (Table 2) 
revealed significantly worse indicators in men with 
transfemoral amputation compared to those with tran-
stibial amputation at the level of the amputated, but 
not contralateral to the amputation limb. We did not 
obtain any significant differences in BMD of the LS 
depending on the level of amputation.

BMD of the FN (Fig. 1) of the amputated limb sig-
nificantly correlated with the duration of the post-am-
putation period (r = –0.47; p = 0.01). Similar rela-
tionships at the level of the PF of this limb were 
less pronounced (r = –0.35; p = 0.06) and absent at 
the level of the LS (r = –0.09; p = 0.64) and the prox-
imal part of the contralateral. Assessment of the rela-

tionship between BMD indices of the FN of the am-
putated limb and the duration of the post-amputation 
period in patients in the study group depending on 
the level of amputation (transfemoral or transtib-
ial) revealed a statistically significant relationship 
in individuals with amputation at the thigh level 
(R = –0.78; p = 0.008), but not at the lower leg level 
(R = –0.20; p = 0.40). Analysis of serum 25(OH) D 
levels in the  subjects depending on the presence 
of lower limb amputation revealed significantly lower 
values in the  study group compared to the control 
group ((25.9  ± 4.8) and (32.0 ± 9.8) ng/ml; t = 3.2; 
p = 0.002). Low serum 25(OH)D levels were found 
in 50 % of the control group and 81.25 % of the sub-
jects in the study group. Vitamin D deficiency was 
observed in 6.25 % of men in the study and control 
groups, 75 and 43.75 % had vitamin D deficiency, and 

Table 1
Dual-energy X-ray densitometry measurements 

in patients based on lower limb amputation status

Indicator / Group Control group Study group t p

BMD of the LS, g/cm2 1.06 ± 0.11 1.00 ± 0.11 1.8 0.07
Z-score of the LS, SD –0.31 ± 1.05 –0.71 ± 1.03 1.5 0.13
BMD of the FN of the contralateral limb, g/cm2 0.87 ± 0.14 0.87 ± 0.12 0.2 0.84
Z-score of the FN of the contralateral limb, SD –0.06 ± 0.98 –0.12 ± 0.83 0.3 0.78
BMD of the PF of the contralateral limb, g/cm2 1.00 ± 0.20 1.04 ± 0.13 1.0 0.33
Z-score of the PF of the contralateral limb, SD 0.07 ± 0.81 0.18 ± 0.83 0.6 0.58
BMD of the FN of the amputated limb, g/cm2 0.87 ± 0.14 0.66 ± 0.20 4.7 0.000020
Z-score of the FN of the amputated limb, SD –0.06 ± 0.98 –1.61 ± 1.48 4.8 0.000010
BMD of the PF of the amputated limb, g/cm2 1.00 ± 0.20 0.78 ± 0.22 4.0 0.000200
Z-score of the PF of the amputated limb, SD 0.07 ± 0.81 –1.51 ± 1.46 5.2 0.000003

Note. SD — sigma deviation.

Table 2
Dual-energy X-ray densitometry indicators in the examined patients depending 

on the level of lower limb amputation

Indicator / Group Subgroup  А Subgroup  B t p

BMD of the LS, g/cm2 0.97 ± 0.11 1.02 ± 0.12 1.0 0.31
Z-score of the LS, SD –1.02 ± 0.98 –0.56 ± 1.05 1.2 0.25
BMD of the FN of the contralateral limb, g/cm2 0.85 ± 0.11 0.87 ± 0.13 0.5 0.65
Z-score of the FN of the contralateral limb, SD –0.31 ± 0.80 –0.02 ± 0.84 0.9 0.38
BMD of the PF of the contralateral limb, g/cm2 1.03 ± 0.07 1.04 ± 0.15 0.3 0.75
Z-score of the PF of the contralateral limb, SD 0.08 ± 0.46 0.23 ± 0.96 0.5 0.64
BMD of the FN of the amputated limb, g/cm2 0.47 ± 0.12 0.76 ± 0.16 5.0 0.000030
Z-score of the FN of the amputated limb, SD –3.11 ± 0.87 –0.86 ± 1.10 5.6 0.000005
BMD of the PF of the amputated limb, g/cm2 0.59 ± 0.18 0.88 ± 0.17 4.3 0.000200
Z-score of the PF of the amputated limb, SD –2.81 ± 1.21 –0.86 ± 1.11 4.4 0.000100

Notes: A — amputation of the lower limb at the thigh level, B — at the shin level.
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18.75 and 50 % had normal serum 25(OH)D levels. 
However, we did not find any significant differences 
(t = 0.42; p = 0.68) in the level of 25(OH)D depending 
on the level of amputation. In the case of transfemoral 
amputation, it was (25.4 ± 3.84) ng/ml, and in the case 
of transtibial amputation, it was (26.2 ± 5.21) ng/ml.

Discussion
Due to the Russian invasion of Ukraine, the num-

ber of injuries and amputations of limbs has increased 
dramatically in recent years, both among the civil-
ian population and among military personnel. LA 
is a complex surgical procedure that has not only 
important pathophysiological and anatomical con-
sequences, but also significantly affects psychologi-
cal health and quality of life of patients. One of  the 
critical aspects that often remains underestimated is 
the impact of  amputation on bone health. The loss 
of  a  limb leads to dramatic changes in mechanical 
stress, bone metabolism and overall functioning 
of the body. However, to date, studies on the impact 
of amputations on bone health are fragmentary and 
do not fully reflect the real consequences of war for 
the health of military personnel. This makes it impos-
sible to plan the necessary medical measures, early 
diagnosis of post-immobilization osteoporosis and ef-
fective rehabilitation of patients.

Loss of sufficient mechanical load is a major fac-
tor in the development of post-immobilization osteo-
porosis following amputation. According to Wolff’s 
Law, formulated by the German anatomist Julius 
Wolff in the 19th century, bone tissue constantly 
adapts to the loads acting on it, ensuring an adequate 
rate of  bone remodeling [12]. The presence of in-
creased mechanical load leads to an increase in bone 

strength, its absence, on the contrary, causes progres-
sive bone loss and the development of post-immobili-
zation osteoporosis. A decrease in mechanical stress 
on the bone, as occurs after amputation or during pro-
longed bed rest, leads to an imbalance of remodeling 
processes with a predominance of bone resorption.

Post-immobilization osteoporosis, which develops 
as a result of inactivity (immobilization, prolonged 
bed rest, paralysis, and amputation), is one of the most 
powerful factors leading to rapid bone loss [13–15], 
which exceeds that even in women in the first years 
after menopause [16]. Post-immobilization osteoporo-
sis involves various pathophysiological components, 
including changes in bone tissue cells such as reduced 
osteoblast activity, increased osteoclast activity, and 
disrupted osteocyte function. These factors result 
in a higher rate of bone resorption and alterations to 
bone microarchitecture, such as thinning of trabecu-
lae and fewer connections between them, which con-
tribute to decreased bone strength and a greater risk 
of fractures. Additionally, local blood circulation and 
neural regulation may be impaired, further promoting 
bone demineralization. To date, the effect of amputa-
tion on BMD indicators has not been studied suffi-
ciently. Studies and systematic reviews have shown 
reduced BMD in individuals after amputation [4–6, 
17–19]. Most observations are confirmed in the resid-
ual limb (stump), and some of them in the preserved 
limb, which indicates a bilateral effect of amputation. 
According to scientists, changes in BMD in the con-
tralateral limb are the result of modifications in walk-
ing patterns and body weight distribution of  the pa-
tient. Although the healthy limb is mostly subjected 
to increased load to compensate for the lost function, 
it may be insufficient to maintain optimal BMD, or 
a  decrease in overall physical activity leads to sys-
temic effects.

A study by D. A. Bemben et al. [4] demonstrated 
a  rapid and marked loss of bone strength in indi-
viduals with traumatic amputations within the first 
6  months after surgery, which was not recovered 
within 12 months after resuming walking. The reduc-
tion in regional femoral BMD at the level of the am-
putated limb was 11–15 %. The study confirmed not 
only the loss of trabecular but also cortical bone. Sim-
ilarly, J. H. Flint et al. [5] showed a significant loss 
of BMD after combat amputation of the lower limb, 
emphasizing that the traumatic nature of the surgery 
may additionally influence these processes. In a ret-
rospective case-control study [5] of 156 lower limb 
amputation patients (121 unilateral, 35 bilateral), 
42 % had a lower Z-score (–1.2 ± 1.0 SD) in bilateral 
amputation patients compared with unilateral ampu-

Figure. Relationship between BMD of the femur on the side 
of amputation and the duration of the post-amputation period in 
patients in the study group

Duration of the post-amputation period, months

B
M

D
 o

f t
he

 n
ec

k 
of

 th
e 

am
pu

ta
te

d 
lim

b,
 g

/c
m

2

0 2 4 6 8 10 12 14 16 18

1,1

1,0

0,9

0,8

0,7

0,6

0,5

0,4

0,3

0,2

r = –0,47; p = 0,009



ISSN 0030-5987. Orthopaedics, traumatology and prosthetics. 2025.  № 3

PR
EV

IE
W

PR
EV

IE
W

tation patients (–0.6 ± 1.1 SD, p = 0.005). In addition, 
a  significant difference in BMD between the intact 
and amputated limbs was found in unilateral ampu-
tation patients (odds ratio (OR) –1.0; 95  % CI –1.1 
to –0.8; p < 0.001). Important factors for low BMD 
were the  long period before resumption of  walking 
[OR  =  1.39; 95  % CI: 1.003–1.93; p  =  0.048] and 
a  higher level of amputation (OR =  7.27; 95% CI: 
3.21–16.49; p < 0.001).

The important significance of the level of ampu-
tation (transfemoral or transtibial) on BMD obtained 
in our study was also confirmed by V. D. Sherk 
et al. [17], which the authors attribute to the features 
of the changed load redistribution.

The results of our investigation also coincide with 
the data of another recently published cohort study 
ADVANCE involving 153 male military personnel 
from the United Kingdom with lower limb amputees 
compared with the control group [6]. The authors 
found a significant decrease in BMD of the femo-
ral neck compared to controls (t-score –0.08 SD vs. 
–0.42 SD; p = 0.0001). This decrease was significant 
only at the level of the femoral neck of the ampu-
tated limb (p = 0.0001) and was greater for individu-
als with transfemoral versus transtibial amputations 
(p < 0.001), with no differences in BMD of the lumbar 
spine. An important conclusion of the authors of the 
article is that BMD loss in amputees is mechanical, 
not systemic, and is caused by altered physical load 
on the limbs. Therefore, local strategies to stimulate 
bone turnover, in particular through adequate phys-
ical rehabilitation, may be effective in the recovery 
of individuals with amputees.

However, the idea of local bone loss at the level 
of the amputated limb is not shared by all research-
ers. W. Ngo et al. [18] in their review note that am-
putation can cause systemic adaptations in the entire 
musculoskeletal system, including changes in muscle 
strength, balance and walking patterns. This may in-
directly affect the BMD of other parts of the skele-
ton, in particular due to a general decrease in physical 
activity or a change in load distribution. It is obvi-
ous that in order to compensate for the lost function 
of the amputated limb, the healthy one is often sub-
jected to increased but abnormal load, which can lead 
to changes in BMD in it or, conversely, to a local in-
crease in density depending on individual movement 
patterns and the use of the prosthesis.

In view of the above, the results of a retrospec-
tive cohort study of 44 British male veterans of World 
War II with major unilateral lower limb amputa-
tions [19] (mean age 73.0 years, and at the time of am-
putation — 26 years (17–57 years)) are interesting. 

Transfemoral amputations were in 34% of patients, 
transtibial — in 66 %. BMD on the amputated side 
of the femoral neck, trochanter and Ward's triangle 
was significantly lower than on the contralateral limb 
(p < 0.0001). The t-score was, respectively, –2.26 SD 
on the amputated and –1.10 SD on the healthy limb 
(p < 0.00001). Given the long post-amputation period 
in the patients of this observation, it becomes obvious 
that there is no recovery of BMD in the amputated 
limb even long after amputation. It is obvious that 
low BMD in the amputated limb can be a significant 
factor in low-trauma fractures in this category of in-
dividuals. Another important factor that affects bone 
remodeling and the risk of fractures is vitamin D de-
ficiency and insufficiency [20]. According to the re-
sults of a recent study in Ukraine, the average level 
of total vitamin D in serum in men aged 20–40 years 
is 30.1 ng/ml [21]. Studies of the status of this vi-
tamin in amputees demonstrate a high proportion 
of its deficiency or insufficiency. Thus, according to 
É. Smith et al. [22] 68.8 % of men with lower limb 
amputees had vitamin D deficiency, 10.4 % had its in-
sufficiency. Lower percentages of vitamin deficiency 
and insufficiency were demonstrated in the study by 
D. Bemben et al. [4] in subjects in the early post-am-
putation period in the period before the prosthesis 
was installed (respectively, 12  % of cases had its 
deficiency and 25  % had its insufficiency). The  re-
sults of our observation showed a lower serum level 
of vitamin D in amputees compared to control values, 
but there were no significant differences in groups 
depending on the level of  amputation. Low serum 
25(OH)D values were found in 81.25  % of men af-
ter amputation (vitamin D deficiency was 6.25 %, in-
sufficiency was 75  %), which may have a negative 
impact on bone tissue remodeling and the rate of its 
loss. Thus, the results of the study indicate that lower 
limb amputation is a significant risk factor for the de-
velopment of post-immobilization osteoporosis. It is 
obvious that the loss of mechanical load on the stump 
bones leads to rapid demineralization of bone tissue, 
while changes in movement patterns and the general 
level of activity may cause a less pronounced de-
crease in BMD in the contralateral limbs, increasing 
the risk of osteoporosis and fractures. Understanding 
these mechanisms is critical for developing effective 
prevention and rehabilitation strategies. A  compre-
hensive approach that includes early mobilization, in-
dividualized exercise programs [23], adequate nutri-
tional support, and, when necessary, pharmacological 
treatment is key to minimizing the  negative conse-
quences of amputation on bone health and improving 
functional outcomes for patients.
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Our observation has a number of limitations. 
These include its design (a single-center case-control 
study), the small number of subjects and the inclusion 
of only male patients with unilateral lower limb am-
putation, and the large range of time from amputation 
to examination (1.5–27 months).

Conclusions
The results of the study demonstrated a significant 

decrease in BMD of the femoral neck in men after 
unilateral amputation at the level of the amputated 
limb compared with the indicators of healthy men 
and the absence of significant differences on the con-
tralateral side to the amputation. BMD indicators 
correlated with the duration of the post-amputation 
period and were lower in subjects with transfemoral 
amputation compared with indicators after transtibial.

After unilateral amputation of the lower limb, 
81.25  % of cases had low levels of 25(OH) D in 
the blood serum (vitamin D deficiency — 6.25 %, in-
sufficiency — 75), which may have a negative impact 
on the development of osteoporosis and low-trau-
matic fractures in the long term after amputation.
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