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Abstract. Background and aim: Sarcopenia refers to a chronic loss of skeletal muscle mass, often associ-
ated with hypovitaminosis D and advanced age, which involves a greater risk of falls and fractures as well
as an increased mortality rate in elderly patients. The association of sarcopenia and osteoporosis defines
osteo-sarcopenia.In this work, the authors analyzed the osteometabolic profile and the loco-regional mus-
cular state of patients undergoing major orthopedic surgery, in order to define the incidence of district
osteosarcopenic states, linked to a condition of disuse. Methods: 19 patients (10M-9F), between 15 and
85 years old, underwent major orthopedic surgery (15 resection prosthesis and custom made, 2 resection
and reconstruction with transplant) were evaluated, of which 9 on an oncological basis. In all patients, the
phospho-calcium metabolism was assessed by blood tests and intraoperative muscle biopsy was performed
at the intervention site and contralaterally; in 3 cases a densitometric comparative study of the affected/
contralateral limb was performed. Resu/ts: Results shows 5 patients with hypovitaminosis D; 7 pcs with
hypocalcemia; 5 with PTH rise; 4pcs with ALP increase. In 100% of cases, the biopsy revealed sarcopenic
patterns exclusively on the affected limb. 2 out of 3 DEXAs (66%) showed loco-regional osteoporosis com-
pared to the contralateral. Conclusions: The fact that in our sample sarcopenia is unilateral affecting only the
pathological limb, that it is frequently associated with osteoporosis which is also unilateral and that for the
most part it is not associated with vitamin D deficiency, suggests that it is an independent condition, with
etiopathogenetic mechanisms different from osteosarcopenia itself. In major orthopedic surgery, bone inte-
gration and muscle status are both essential for achieving and lasting positive results. Considering the high
incidence of district osteosarcopenia, an integrated surgical, pharmacological, and rehabilitative approach
is desirable for the optimization of results, as well as more studies for the definition of the etiopathogenesis
of this pathological condition.(www.actabiomedica.it)
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Introduction Often these two pathologies affect patients si-

multaneously and for this reason osteosarcopenia is
Modern medicine has led to a rise in the aver- described as a unique syndrome, characterized by bone

age life span of human beings, and this has caused the
increase of new chronic pathologies. These include os-
teoporosis and sarcopenia, often diagnosed in elderly
and frail patients (1).

fragility and muscular hypotrophy with consequential
and inevitable decrease in the functionality of the af-
fected areas (2).
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Osteoporosis is a rarefaction of the microarchi-
tecture that makes up the bone with a consequential
reduction in bone mineral density (BMD). The result-
ing fragility of the bone causes an increased risk of
fractures that could occur after low-intensity trauma
or even without any trauma. This condition can be pri-
mary (sex and age related) or secondary (hyperparath-
yroidism, use of specific drugs as corticosteroids and
food imbalances) (3).

The sarcopenic condition is characterized by a
chronic and progressive loss of skeletal muscle tissue
and a reduced muscle function which inevitably causes
a lowering of the patient’s quality of life, given the
reduced functionality of the body districts involved.
Patients with sarcopenia issues may experience pre-
existing medical conditions worsening like prognosis
in cancer patients with lumbar sarcopenia (4).

Such as osteoporosis, sarcopenia is developed
because of endocrine disorders, malnutrition, obe-
sity, genetic polymorphisms and long corticosteroid
therapies (5).

The mechanically, physically, and biochemically
correlations between these two tissues led to the defi-
nition of “BMU” (Bone Muscle Unit). It has been
clearly demonstrated over time that bone and muscle
are adaptive tissues, changing their mass and strength in
response to mechanical loading. Therefore, mechanical
stimulus is essential for the health of both tissues and
thus decreased level of physical activity over time may
shift the frail balance in favor of muscle degradation and
bone reabsorption. It has been seen how, from a histo-
logical point of view, the infiltration of fat cells is the
main character of this kind of tissue degradation. Even
if this phenomenon usually occurs in a generalized man-
ner, it can be confined to a specific body district, when
this district is less used due to pathologies that limit its
activity and motility (6,7). Several studies describe an
higher incidence of sarcopenia in patients presenting
prior fragility fractures, especially in femoral fractures
(8,9) but also in osteoporotic ones, and in patients with
frequent falls in clinical personal history (10,11).

Actually the diagnosis of osteosarcopenia is based
on clinical history, risk factor identification, physical as-
sessments (grip strength, sit to stand test and others)
and targeted investigations like blood samples to exclude
secondary forms and other instrumental techniques as

bioelectrical impedance analysis (to estimate fat free
mass), peripheral quantitative computerized tomogra-
phy and others (12). Treatment of osteosarcopenia is
based on resistance exercise, useful in stimulating osteo-
blastogenesis and muscle protein synthesis, diet supple-
mentation such as correct intake of protein, calcium and
Vitamin D (13,14). No specific pharmacological agents
for sarcopenia treatment havent yet been developed,
in contrast of treatment of osteoporosis, even if some
drugs such as denosumab seems to show positive effects
on bone and muscles (15).

Today osteosarcopenia describes only a systemic
disease which consist in the association between gen-
eralized osteoporosis and sarcopenia, especially in el-
derly patients, exiting in a global frailty condition. No
large studies are reported about the possibility that os-
teosarcopenia can affect only a part of the skeleton so
that could be defined as “distrectualosteosarcopenia”,
but only case reports.

In this work, authors analyzed the osteometabolic
profile and the loco-regional muscular state of patients
undergoing major orthopedic surgery, to define the in-
cidence of district osteosarcopenic states, linked to a
condition of disuse.

Methods

During a prospective study of about 3 years, 19
patients (52,6% were male and 47,4% were females)
aged between 15 and 85 years, were evaluated. All pa-
tients underwent on major orthopedic surgery (79%
resection/custom made prothesis, 10,53% resection
and reconstruction with transplant) of which 47,37%
on an oncological basis (Fig.1). In all patients, the
bone metabolism was evaluated by blood tests (in-
cluding calcium, phosphorus, vitamin D, parathyroid
hormone and alkaline phosphatase) upon admission
to hospital. In patients operated on the upper limbs,
a biopsy of the brachial biceps muscle was performed
in the affected limb and in the contralateral one and
in patients with involvement of the lower limb, the
quadriceps femoris muscle was used. All histological
preparations were carefully evaluated by a pathologi-
cal anatomy unit specializing in musculoskeletal on-
cology, after coloration with Hematoxylin-Eosin, with
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Figure 1. Imaging of one of the patients included in the study, suffering from humeral metastasis from submandibular adenoid cystic

carcinoma. A, B: Preoperative radiography and MRI. C: Postoperative Radiography

20x magnification. During hospitalization, in three
patients, bone densitometry with comparation of the
affected limb and contralateral was performed. At the
beginning of hospitalization, the duration of disuse of
the affected limb was recorded for each patient. The
downtime in our sample was between 2 and 38 months.

Results

Study of the data showed the presence of sar-
copenia in 100% of patients (Fig.2). The disuse time
before surgery demonstrated a mean of 9.05 months
with a median of 6 and a mode of 2. Unilateral os-
teoporosis associated with district osteosarcopenia was
found in 2 out of 3 bone densitometries (66%). Severe
hypovitaminosis (<10 ng/mL) was found in 5 patients
aged between 15 and 85 years, 3 males and 2 females,
4 oncological cases and 1 post-traumatic. Hypocalce-
mia (<8.6 mg/dL) was registered in 8 cases, with age
between 15 and 80 years, equally distributed between
sexes, 5 oncological cases and 3 from trauma. PTH
increase (>40 ng/L) was found in 6 patients between
15 and 85 years, 3 female and 3 male, equally distrib-
uted between post-traumatic and oncological patients.
In all cases PTH increase was secondary to hypovita-
minosis and/or hypocalcemia. In 4 patients with age
from 15 to 80 yrs we registered ALP increase (> 130
U/L), equally distributed between sexes; 3 out of 4 pa-
tients were of an oncological nature.

Figure 2. Hystological specimen from brachial biceps (He-
matoxylin-Eosin x20). A: surgical side with partial atrophy of

striated muscle fiber. B: contralateral district without alterations
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Discussion

Hypovitaminosis in our sample is in 52.6% of
cases (<30 ng / mL), in agreement with literature data,
and it did not occur only in elderly. This condition is
recognized as an extremely widespread issue in all ages
and the association between hypovitaminosis and in-
creased fracture risk is also described in young patients
(16).

In analyzed patients, five were on pharmacologi-
cal integration with both vitamin D and Calcium, two
were taking calcium carbonate supplementation. Only
one patient was on antiresorptive therapy.

Hypocalcemia was found in patients with a mean
age of 56.3 years and a median and mode of 55 yrs. The
relationship between a correct daily calcium intake and
frailty conditions is described in literature (17).

In our sample, 75% of the cases of rise of ALP
values relates to neoplastic patients. Therefore, it can-
not be exactly excluded that there is a cause linked to
the skeletal involvement of the tumor. Individual or
multiple alterations in the values of Vitamin D, blood
calcium and parathormone were found among the pa-
tients analyzed, so a basic osteomalacic state of the pa-
tients cannot be excluded (18). In 75% of the patients
analyzed, bone densitometry revealed a state of district
osteoporosis. This data, although analyzed in a small
number of patients, can lead to hypothesize a state of
disuse district osteoporosis, a reduction of bone mass
resulting from a reduced load function and district
muscle function (19,20).

Unlike the percentage of patients who presented
blood alterations of vitamin D, blood calcium, PTH
and ALP, we found in our sample the constant pres-
ence of sarcopenia which was, however, localized only
in the affected limb. The cases of association of dis-
trict osteoporosis detected on bone densitometry and
unilateral sarcopenia found with histological examina-
tion, even in young patients, suggests a state of dis-
trict osteosarcopenia. Today the “cross-talk” between
bone and muscle is known in the literature(21). The
existence of different forms of osteosarcopenia or the
association of systemic osteoporosis and generalized
sarcopenia is also recognized. The pathogenesis of os-
teosarcopenia accepts as mechanisms a genetic predis-
position, the role of the absence of gravitational load,

hormonal factors and the similarity in the metabolism
of bone and muscle that makes them sensitive to the
same stimuli (22). In our sample sarcopenia is unilat-
eral in the affected limb and is frequently associated
with osteoporosis, which is also unilateral, in addition
to the fact that it also occurred in patients with normal
calcium and vitamin D values, suggests that the role of
disuse in our sample played a preponderant factor in
the onset of sarcopenia. However, there was no corre-
lation between the timing of disuse and the occurrence
of unilateral sarcopenia (23).

In major orthopedic surgery, failure of bone-
prosthesis integration and periprosthetic fractures are
the most frequent causes of surgical failure (24-26).
Maintaining a sufficient bone-stock and optimizing
the overall osteometabolic state are the basis of a cor-
rect bone-prosthesis integration process and for pre-
vention of peri-prosthetic fractures (27).

Although results of our study underlined the al-
most constant presence of haematochemical altera-
tions (94.7% of cases), none of the patients who came
to our observation, even if suffering from chronic or-
thopedic pathology, had ever received a correct study
from the systemic osteometabolic point of view, aimed
to correct alterations with possible negative effects on
bone quality, such as secondary hyperparathyroidism
(analyzed in 6 of 20 patients, 31.57% of total) or os-
teomalacic status (on 3 patients, with ALP and PTH
rise and decrease in calcium and phosphorus blood
levels (28). However, these conditions would poten-
tially be correctable if properly diagnosed.

The consequential absence of load and the reduc-
tion of muscle function underline the need to include
physiatric rehabilitation evaluation in the treatment of
a patient undergoing major orthopedic surgery, for the
development of individualized therapeutic plans with
the aim of protecting the musculoskeletal compart-
ment as much as possible. In literature, many stud-
ies also underline the positive effect of some drugs
originally applied for the treatment of osteoporosis,
in improving bone-prosthesis integration as well as in
preventing fracture episodes (29).

In major orthopedic surgery, bone integration and
muscle status are both essential for achieving and last-
ing positive results. It was shown that loco-regional
sarcopenia exists as pathologic condition, regardless
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of the duration of disuse and the constant presence of
systemic metabolic alterations of the phospho-calcium
metabolism. Furthermore, from our results emerged
that sarcopenia appeared only after two months of
disuse, assuming a certain speed of development of
the condition. All this highlights the need to associate
the surgical treatment with a global framework of the
patient osteometabolic study to ensure the best bone
and muscle health conditions, preparatory to obtaining
better surgical and functional recovery results.
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