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Abstract: Background and Objectives: During pregnancy, women undergo various physiological and
anatomical changes that are accentuated as the pregnancy progresses, but return to their previous
state a few weeks/months after the pregnancy. However, a targeted therapeutic approach is needed.
Most of the time, during this period, these changes precipitate the appearance of pain, musculoskele-
tal pain being the most common. Pregnant women should avoid treating musculoskeletal pain with
medication and should choose alternative and complementary methods. Exercise along with rest is
the basis for treating chronic musculoskeletal pain. Side effects of physical therapy are rare and, in
addition, it is not contraindicated in pregnant women. The benefits of this type of treatment in com-
bating pain far outweigh the risks, being an easy way to improve quality of life. The objective of this
article is to discuss the management of musculoskeletal pain during pregnancy, to identify the main
musculoskeletal pain encountered in pregnant women along with drug treatment, and to expose the
beneficial effects of alternative and complementary methods in combating pain. Materials and Methods:
A literature search was conducted using medical databases, including PubMed, Google Scholar, and
ScienceDirect, using the keywords “changes of pregnancy”, “musculoskeletal pain”, “pregnancy
pain”, “pain management”, “pharmacological approach”, “alternative and complementary treatment”
and specific sites. Information was collected from studies whose target population included pregnant
women who complained of musculoskeletal pain during the 9 months of pregnancy; pregnant women
with other pathologies that could increase their pain were not included in this review. Results: The
articles related to the most common non-obstetric musculoskeletal pain in pregnancy along with
pharmacological treatment options and alternative and complementary methods for musculoskeletal
pain management during pregnancy were selected. Conclusions: The results were used to guide
information towards the safest methods of therapy but also to raise awareness of the treatment criteria
in order to compare the effectiveness of existing methods. Treatment must consider the implications
for the mother and fetus, optimizing non-pharmacological therapeutic options.

Keywords: pregnancy; changes of pregnancy; musculoskeletal pain; treatment

1. Introduction

During pregnancy, a woman’s body undergoes various changes, both physiological
and anatomical, necessary to meet the increased metabolic needs in order to support the
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growing fetus, for its harmonious development and also to prepare the body for birth [1,2].
It has been observed that the first changes appear in the first trimester of pregnancy and
intensify once the final term is reached and return to normal a few weeks after birth [2].
The physiological changes produced by pregnancy are generally well tolerated by healthy
women, but certain changes are still likely to aggravate different pathologies or give
rise to a variety of disorders, especially musculoskeletal, which is the most common in
pregnancy [3]. A woman’s body undergoes major changes during pregnancy in all organs
to support both the mother and the fetus.

A proper diet is important at any time of life, especially during pregnancy. The diet
of the pregnant woman must provide nutrients and energy to support both the normal
requirements of the mother and the needs of the developing fetus. The recommended diet
for pregnant women does not differ much from the diet of an adult, necessarily comprising
a healthy, balanced and varied diet. For pregnant women, it is recommended to use foods
rich in minerals and vitamins, especially iron, vitamin D and folate [4]. Additionally, at the
time of conception, a balanced diet is required, and it is preferable for the woman to have a
healthy body weight with a body mass index of 20–25, since lower or higher values can
influence the fertility and harmonious growth of the fetus [5]. Excessive weight gain during
pregnancy has countless negative effects on the health of the mother and child, including
high blood pressure, diabetes, birth trauma and asphyxia. This weight gain in pregnant
women is associated with a higher risk of long-term obesity but also with the precipitation
of musculoskeletal pain [6]. Moreover, aside from diet, the evolution of pregnancy is
influenced by a multitude of factors, including age, previous experiences and family
history, as well as stress, smoking and excessive alcohol or coffee consumption [7]. Both
extremes of age considered appropriate for the conception of the child can cause unwanted
effects on pregnancy. Young mothers have a high risk of low birth weight, premature
birth and fetal death resulting from biological immaturity, lack of access to prenatal care to
socioeconomic factors. However, the mother’s advanced age is more strongly associated
with complications at birth [8]. There is a close relationship between healthy mothers and
healthy newborns, and proper nutrition and physical activity are key factors that contribute
to its achievement; factors that can prevent and combat musculoskeletal pain encountered
during pregnancy. Special attention was paid to physiotherapy in pregnancy with the help
of the American College of Obstetrics and Gynecologists guidelines in 2002 [9], which led
to studies focusing on the beneficial effects of exercise during pregnancy.

New detailed clinical trials are currently needed regarding the treatment of the most
common pain in pregnancy, adapted to current times with socio-economic or dietary modi-
fications; a treatment that must be correlated with physiological and anatomical changes
that normally occur in pregnant women. In the foreground should be non-pharmacological
treatment; physiotherapy being a method more easily accepted by pregnant women. This
paper provides a comprehensive look at the physiological and anatomical changes in
pregnancy, the main musculoskeletal problems and the treatment that can be addressed,
pharmacological treatment and especially non-pharmacological treatment, based on alter-
native and complementary methods.

2. Physiological and Anatomical Changes of Pregnancy
2.1. The Main Changes That Occur at the Organ Level

Regarding the cardiovascular system, during pregnancy heart rate can increase by
up to 60% with the highest values registered from week 20 until birth. Cardiac output
is required to increase and to maintain normal blood pressure. Initially, the increase in
cardiac output is achieved by an increase in stroke volume, followed at the end of the third
trimester by an increase in heart rhythm [2,10]. The highest increase in cardiac output
is achieved in the kidneys, uterus and skin to control the mother’s temperature and to
produce nutrients needed for the fetus and to eliminate fetal and maternal waste [11–13].
The presence of the pregnant uterus leads to the lateral movement of the heart. In the
first weeks of pregnancy, the pregnant uterus begins to cause the mechanical compression
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of the inferior vena cava and the descending aorta. Thus, a reduction in cardiac output
and venous return is observed, resulting in maternal hypotension and fetal acidemia. To
correct and compensate for compression, heart rate and sympathetic tone increase. In many
pregnant women, these mechanisms may be insufficient to support blood pressure and
aortocaval compression syndrome may set in. This hypotensive syndrome is accompanied
by symptoms such as pallor, dizziness, sweating and tachycardia, followed by bradycardia
and hypotension in the supine position, while the severe form can cause death [14,15].

During pregnancy, in the gastrointestinal tract, gastric motility is most affected. High
levels of hormones, especially progesterone, cause smooth muscle relaxation and decreased
bowel motility, thus prolonging gastric emptying time, leading to constipation [16]. Like-
wise, the progesterone-mediated relaxation of the lower esophageal sphincter induces a
decrease in its tone manifested as gastroesophageal reflux disease [17]. Additionally, high
hormone levels cause vomiting and nausea, known as morning sickness, which occur at any
time of the day in more than 70% of pregnant women. However, if these conditions increase
after week 20 or lead to ketosis with a massive weight loss, hyperemesis gravidarum can
be reached and intravenous vitamins and fluids may be needed [18].

Respiratory changes also occur in pregnant women. The diaphragm rises by about
2 cm, which leads to a 5% decrease in lung capacity. The current volume increases by up
to 40% leading to a decrease in the expiratory reserve volume by 20% and an increase in
ventilation per minute (VM). The increase in VM determines an increase in the level of
arterial (PaO2) and alveolar (PAO2) pressure but also a decrease in the partial pressure of
arterial carbon dioxide (PaCO2). The decrease in PaCO2 produces an increased gradient
of carbon dioxide (CO2) between mother and fetus, helping to deliver oxygen to the fetus
and eliminate CO2. Elevated progesterone levels create this gradient, with progesterone
being a respiratory stimulant that sensitizes CO2 receptors [19–21]. Dyspnea in pregnancy,
which occurs in about 70% of pregnant women is due to these low levels of PaCO2 as well
as decreased total lung capacity and increased VM. Thus, most often in the third trimester,
the pregnant woman may experience a feeling of shortness of breath [1].

In addition, renal changes were observed; renal plasma flow and glomerular filtration
rate were increased. This increase in glomerular filtration rate maintains plasma sodium
levels, which increase because of the activation the renin–angiotensin–aldosterone system,
and also lowers serum creatine and urea nitrogen in the blood [20]. At the renal level,
elevated progesterone levels work to reduce peristalsis, urethral tone and contraction
pressure, producing renal vasodilation. Furthermore, hormone levels, but also external
mechanical compression and changes in the urethral wall, can cause hydronephrosis and
hydroureter in the pregnant woman. Urinary tract infections, urinary incontinence and
nocturia are common in pregnancy. All changes that occur during this period return to the
previous state up to 6 weeks after birth [13].

Additionally, during pregnancy, plasma volume increases by up to 50% and erythro-
cyte volume by up to 30%. These significant changes can lead to physiological anemia and
decreased hematocrit, an effect that reduces blood viscosity and resistance to blood flow.
Regarding the number of leukocytes, they increase and can reach very high values during
labor, which can often explain the severity of the infection; however, these values do not
make the pregnant woman more prone to infections [22]. In general, the concentration of
platelets is maintained at normal values, but there are some cases in which their number
decreases (gestational thrombocytopenia) due to the increase in plasma volume, which
disappears after birth [23]. Fibrinolytic and coagulation pathways also undergo changes,
and venous stasis leads to an increased risk of thromboembolism, beginning in the first
trimester of pregnancy and lasting up to 3 months after birth [20].

In pregnant woman, high levels of estrogen stimulate the production of the thyroid-
binding globulin, leading to an increase in the total levels of triiodothyronine (T3) and
thyroxine (T4) by about 50%, while free T3 and T4 levels remain constant or slightly altered.
It also increases the production of hormones by the adrenal glands. Low blood pressure
and vascular resistance stimulate the renin–angiotensin–aldosterone system, resulting in
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an up to 10-fold increase in aldosterone at the end of the third trimester of pregnancy.
Moreover, there is an increase in the level of cortisol and adrenocorticotropic hormone, a
corticosteroid-binding globulin, which leads to a state of hypercortisol. On the other hand,
the high levels of estradiol in pregnancy result in an increase in prolactin that induces
growth in the pituitary gland [1,2,20].

2.2. Musculoskeletal Changes

Over time, it has been observed that many physiological and anatomical changes occur
in pregnant women that can affect the essential organs, but the most common are those at
the musculoskeletal level. Weight gain, the enlargement of the uterus with a shift in the
center of gravity and hormonal and vascular changes cause a number of musculoskeletal
problems. Changing the center of gravity causes lumbar lordosis with the flexion of the
neck and the drooping of the shoulders [24,25].

Mechanical pressure, elevated progesterone and relaxin levels increase joint laxity and
prepare a woman’s body for childbirth. Additionally, in pregnant women, fluid retention
causes the compression of soft tissues. All these changes that occur make the pregnant
woman susceptible to musculoskeletal disorders. Most pregnant women complain of mus-
culoskeletal disorders, and some of them show signs of disability. The majority conditions
have been described as spinal pain, pain in the upper and lower extremities, peripheral
neuropathy and muscle cramps. In addition, carpal tunnel syndrome, which results from
compression of the median nerve, is quite common in pregnant women [19,20,26]. Major
changes that occur in the body of pregnant women at different system level are shown in
Figure 1.
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These musculoskeletal disorders cause disabilities and loss of work capacity in preg-
nant women [27]. Pain during pregnancy can be of various causes and is not limited only
to labor pain. The non-obstetric causes of pain in pregnancy are common, from acute
conditions, such as infection or injury, to secondary pain from underlying medical condi-
tions. Pregnancy manifests physiological effects on a woman’s body, likewise influencing
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the endocrine, cardiovascular and renal systems as well as the musculoskeletal system.
Additionally, weight gain during pregnancy and the presence of the pregnant uterus put
pressure on the skeletal system. During the nine months of pregnancy, various changes
occur in the body. These physiological and anatomical changes precipitate the onset of pain
or may exacerbate pre-existing painful disorders.

Next, some aspects of the main imaging investigations for the diagnosis of muscu-
loskeletal disorders will be presented.

X-rays are among the oldest types of imaging available, which use electromagnetic
waves to produce an image. Bone lesions can be highlighted by radiography, but in order to
diagnose muscle disorders more advanced imaging explorations are needed. The possibility
that an X-ray taken during pregnancy will produce serious effects on the fetus is very small.
However, the risk of affecting the child depends on the amount of radiation exposure and
its gestational age. Thus, the exposure to high doses of radiation in the first two weeks
after conception can cause a miscarriage; exposure up to eight weeks can increase the
risk of congenital malformations; and up to week 16, high doses of radiation can lead to
intellectual disability. The dose of a single exposure to radiation is far lesser than the doses
associated with these risks. Another method of diagnosing musculoskeletal disorders is
computed tomography (CT), which investigates bone and muscle injuries. This method
offers a more detailed examination of body compared to radiography. It is not proven
that the fetus is affected by the amount of radiation used in CT. However, its use on the
abdomen or pelvic area is to be avoided in order to exclude any risk of developing cancer in
childhood. If the examination of both the mother and the fetus is necessary, other imaging
tests, such as ultrasound or magnetic resonance imaging (MRI), are used. Ultrasound
uses sound waves to photograph the inside of the body. Ultrasound captures images
of soft tissues, muscles and ligaments and can also diagnose musculoskeletal conditions
along with MRI. Ultrasound can easily detect the signs of inflammation at the muscle and
joint level. This imaging method is the most used for pregnant women, but if the images
obtained do not provide a clear answer, an MRI examination can be resorted to. MRI is
a method that uses radio waves and magnetic fields to capture images of the inside of
the body. MRI can capture images of the body’s soft tissues, even muscles, unlike X-ray
imaging. In addition, MRI can capture joint injuries, such as torn ligaments or cartilage.
There are no proven adverse effects due to the MRI either in the pregnant woman nor in
the fetus, and is a frequently used method today [28,29].

The main musculoskeletal pains encountered during pregnancy can be classified into
lumbar, pelvic and joint pain.

2.2.1. Lower Back Pain

Lower back pain occurs in about half of pregnant women and is considered a normal
pain during pregnancy [30]. A higher risk of lower back pain is associated with age, the
presence of pain before pregnancy and especially during menstruation, and ethnicity, par-
ticularly in African American and Caucasian individuals; although individuals of Hispanic
ethnicity do not show strong associations with lower back pain during pregnancy, nor do
factors such as caffeine, tobacco, oral contraceptive medication, parity and exercise [31,32].
Additionally, other factors that can contribute to lower back pain are the mechanical com-
pressions of the pregnant uterus that modifies the center of gravity and increases the force
applied to the spine, as well as the pelvic ligament laxity and vascular compression.

In addition, lower back pain encountered at night during pregnancy may be due
to venous engorgement in the pelvis. The growing uterus presses on the vena cava and
combined with fluid retention in pregnancy causes venous congestion and hypoxia in
the lumbar spine [33]. Some women experience this pain from the first trimester when
the mechanical pressure is not high, in this case the hormonal level being the factor that
influences the appearance of the musculoskeletal disorder [31]. Most women recover easily
in the first months after birth, of which only 50% seek professional medical assistance. The
rapid identification of pain and the application of specific methods of treatment according to
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the particularities of each individual ultimately leads to total recovery. However, pregnant
women who have gained more weight have a higher risk of postpartum lower back
pain [34].

The most affected musculoskeletal structures during pregnancy and postpartum are
the pubic symphysis and the sacroiliac joints. Most of the time it is difficult to establish the
exact cause of the pain based only on the anamnesis, and detailed imaging investigations
are required. Non-inflammatory causes of back pain, such as mechanical stress on the
pelvic area caused by pregnancy, can cause subchondral bone marrow edema that cannot
be differentiated from axial spondyloarthritis [35].

Bone marrow edema (BME) is a condition encountered in radiology described as
a nonspecific lesion pattern, characterized by a change in marrow signal intensity at
the level of the femoral head suggesting marrow infiltration through interstitial edema.
Many aspects can lead to bone marrow changes, especially at the level of the sacroiliac
joints, it is not yet clear whether postpartum bone marrow changes, which are mechanically
induced, are different from inflammatory sacroiliitis seen on MRI. From an imaging point of
view, spondyloarthropathy is characterized by BME around the sacroiliac joint (sacroiliitis)
and structural changes, such as the fatty replacement of the bone marrow at the sites of
inflammation, subchondral erosions and sclerosis [36].

The scientific team led by Agten compared the MRI results of the sacroiliac joints
subjected to mechanical stress due to pregnancy with those of a group of women known to
have spondyloarthritis to make the differential diagnosis. It was found that mechanical
pressure on the joints can lead to bone marrow edema, only inflammatory changes being
present, while in the group with spondyloarthritis, structural changes and erosions were
also evident. Thus, these findings may provide guidance to differentiate mechanically- and
hormonally-induced bone marrow changes and inflammatory sacroiliitis [37].

2.2.2. Pelvic Pain

Pelvic pain is described by pregnant women as a burning sensation, stabbing in
the sacral area or as pain in the pubic symphysis. This pain may radiate to the groin or
posterior thigh. The first symptoms appear during week 18 and reach a maximum intensity
in week 36 [38]. Pelvic girdle pains are not pains that normally occur in pregnancy, so it
is necessary to intervene as soon as possible in their treatment, otherwise they can lead
to severe pain. If timely therapeutic measures are taken, recovery is rapid. Up to 22%
of pregnant women may suffer from pelvic pain and up to 8% may experience severe
symptoms [39]. The causes of pelvic pain in pregnancy are multifactorial. Increased
movement of the pelvic girdle causes pain due to increased ligament laxity caused by high
levels of relaxin and estrogen. These high concentrations of hormones lead to enlargement
of the pubic symphysis, which results in pain due to the increased mobility of the joints.
Pelvic pain is amplified by mechanical exertion, anterior back pain or anterior pelvic
trauma [26,40].

Furthermore, it has been shown that high body mass index, multiparity, mental stress,
physical exhaustion and smoking are factors that can accelerate the onset of pelvic pain in
pregnancy [41].

Lumbar disc herniation is considered the most common pathology of the spine in
pregnant women; however, the condition is very rare in pregnant women compared to
pelvic pain, with an estimated occurrence of 1 in 10,000 women. In recent years, an increase
in the average age of women who become pregnant has been observed, a consideration
that may increase the incidence of lumbar disc herniation among pregnant women. The
most frequent symptoms were represented by radicular pain, along with the weakness
of the muscles innervated by the root of a spinal nerve, the reduced sensation in the
sensory distribution of a spinal nerve but also urinary incontinence. According to data from
the literature, no more than 15% of patients suffering from this disorder develop severe
neurological deficits. In terms of therapeutic management, it has been observed that the
majority of lumbar disc herniation sufferers do not require surgery [42].
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2.2.3. Joint Pain

Pregnant women may experience joint pain, which often raises the suspicion of inflam-
matory diseases, such as rheumatoid arthritis or systemic lupus erythematosus. However,
the development of new-onset inflammatory arthritis is rare during pregnancy, and there is
evidence that pregnancy protects against new-onset rheumatoid arthritis [43]. Soft tissue
swelling as well as joint laxity are physiological changes considered predisposing factors
for the development of joint pain. In addition, hormonal changes with increased levels of
progesterone, estrogen, relaxin and cortisol are associated with joint symptoms, stiffness
and even arthralgia [44]. A study by Choi et al. aimed to establish the incidence of arthritis
and arthralgia among pregnant women. Thus, of the 155 healthy pregnant women in
the study, 9% developed arthritis and 16% had arthralgia. These conditions intensified
in the third trimester of pregnancy, but the prognosis was generally good, with most of
the disorders improving rapidly, concluding that the proximal interphalangeal joint of the
hand was the most affected [45].

Another common condition is carpal tunnel syndrome, which occurs in the third
trimester of pregnancy and affects the wrist. Due to water retention during pregnancy,
the median nerve is subject to high compression. The symptoms are characterized by
pain, paresthesia and tingling in the distribution area of the median nerve, which intensify
after repeated movements and during the night [46]. Carpal tunnel syndrome developed
in pregnancy has a benign course, most symptoms disappear after birth. However, a
study of 45 pregnant women found that 49% still had symptoms 3 years postpartum [47].
Pregnant women undergo changes in every part of the body, and Figure 2 presents the
most representative changes in terms of posture.
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3. Treatment of Musculoskeletal Pain with Medication

The treatment of musculoskeletal pain should include a structured approach, combin-
ing non-pharmacological and pharmacological options, while surgery is only desired in
extreme situations, such as for acute disc herniation [48]. For the treatment of pregnant
women, the basic principle that must be observed is to reduce the use of drug therapy
as much as possible, taking into account that it can have harmful effects on the fetus,
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the mother and the harmonious development of pregnancy. Many aspects need to be
considered when setting up a treatment for a pregnant woman. A major limitation in
the administration of drugs in pregnancy is the presence of potential embryotoxic and
teratogenic effects of the therapeutic agent.

Liposolubility, molecular weight, maternal metabolism speed and the binding to
plasma proteins are the main parameters on which the presence of drugs in the fetal and
placental circulation depends. Most therapeutic agents reach the placental circulation
to a greater or lesser extent, with the exception of large molecules, such as insulin and
heparin. The stage with the highest teratogenic risk is the one between weeks 4 and 10
during the development of the organs. After this period, the action of drugs that cross the
placental barrier can reduce the amount of amniotic fluid, can delay the birth of the fetus
or can trigger certain pathologies [49]. A proportion of 3% of newborns have an obvious
congenital malformation at birth, of which only 25% develop genetic malformations, the
rest representing different causes, including the excess of drugs in pregnancy. On the
other hand, an impediment in the investigation of the teratogenic effect of therapeutic
agents is the specificity of the species. A well-known example is the administration of
thalidomide, which caused severe malformations of the limbs of newborns, although
studies on non-primates have not shown a teratogenic effect [50].

In the late 1970s, the Food and Drug Administration (FDA) implemented a cataloging
system that assesses the potential risks of pregnancy-administered drugs. This system,
based on scientific evidence, has classified drugs into five broad categories (Table 1).
However, despite knowledge of these aspects, the risks of using pain medication during
pregnancy are incomplete, and the benefit/risk balance must be analyzed in detail before
initiating drug treatment in the pregnant woman [51].

Table 1. The FDA’s classification of drugs used in pain management regarding pregnancy risk.

Classification Definition Examples References

Category A Controlled studies in pregnant women have not
shown a risk to the fetus. -

Category B

Animal studies have not shown toxic effects on the
fetus, but there are no controlled clinical trials in
humans. Animal studies have shown toxic effects
but have not been confirmed in studies in
pregnant women.

Acetaminophen

[52–55]Oxycodone
Lidocaine

Dexamethasone

Category C
Animal studies have shown teratogenic risk, but
no controlled studies have been performed in
pregnant women.

Piroxicam

[56–65]

Codeine
Hydrocodone

Diclofenac
Ibuprofen
Naloxone

Ketoprofen
Celecoxib
Naproxen
Tramadol

Category D
Positive evidence of fetal risk but their use is
accepted, the benefit of the mother outweighs
the risk of the fetus.

Acetyl salicylic acid [66]

Category X
Studies in both animals and humans have shown fetal
malformations or no evidence. The risks outweigh the
benefits, they are contraindicated in pregnancy.

Ergot derivatives [67]
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3.1. Non-Opioid Medications
3.1.1. Paracetamol (Acetaminophen)

Paracetamol is the most widely used analgesic in pregnancy. It has an analgesic po-
tency similar to aspirin, being considered an effective and safe therapeutic agent at standard
therapeutic doses throughout pregnancy. Acetaminophen is the main active substance
used by pregnant women to combat mild to moderate pain and fever, due to its painkiller
and antipyretic effects [68]. There are no studies showing congenital side effects. A study
of thousands of pregnant women has shown the safety profile of acetaminophen, with no
risk of malformations or other adverse effects of pregnancy [69,70]. Paracetamol has been
reported to possibly present a high risk of attention deficit hyperactivity disorder when ad-
ministered for more than 6 weeks, but according to the FDA these data are inconclusive [71].
Finally, several studies have evaluated the relationship between acetaminophen exposure
in pregnancy and abnormalities. Various observational studies have investigated the effect
of paracetamol on the reproductive and urogenital systems in thousands of mother–child
pairs. Some of these studies have suggested that prenatal exposure to acetaminophen poses
a high risk of cryptorchidism [72,73] and short anogenital distance (AGD), which is an
indicator of genital masculinity [74,75]. In addition, another study found a possible link
between paracetamol exposure and early puberty in females [76]. However, other studies
have shown that there is no major risk of hypospadias after exposure to paracetamol in
pregnancy [77–79].

Moreover, regarding the effects observed at the genital level following prenatal parac-
etamol exposure, possible neurological side effects have been identified. Observational
studies have reported several associations between the occurrence of neurological dis-
orders and the administration of acetaminophen during pregnancy, disorders such as
autism [80–82], attention deficit hyperactivity disorder, decreased IQ (intelligence quotient)
and speech/language delays, with exposure time having a significant influence [83–90].
Although paracetamol is considered a safe medication, based on the information gathered
on the implications for the pregnant woman, it is recommended to be administrated with
caution at the lowest effective dose and for the shortest period of time. These possible
anomalies are summarized in Figure 3.

3.1.2. Non-Steroidal Anti-Inflammatory Agents

The activity of NSAIDs (non-steroidal anti-inflammatory drugs) on the fetus is me-
diated by inhibiting the production of prostaglandins, which stimulate blood circulation
in the organs. The effects of nonsteroidal anti-inflammatory drugs on the fetus differ
depending on the period of pregnancy in which the mother used them [91]. In general,
nonsteroidal anti-inflammatory agents are divided into groups according to their chem-
ical structure and selectivity as follows: derivatives of salicylic acid (aspirin), propionic
acid (naproxen, ibuprofen), acetic acid (diclofenac, indomethacin), enolic acid (piroxicam,
metamizole) and selective cyclooxygenase-2 (COX-2) inhibitors (celecoxib). Figure 4 shows
the chemical structures of the most used substances from the NSAID class by pregnant
women. NSAIDs should be avoided during pregnancy, in the first trimester there is a
risk of miscarriage [92,93] and in the third trimester, these drugs may have a negative
effect on fetal circulation due to premature closure of the arterial canal and may present
a risk of oligohydramnios [94]. Treatment with NSAIDs can cause reversible infertility in
humans, as the inhibition of cyclooxygenases prevents normal reproductive processes. This
therapeutic class is frequently used by young women for the treatment of various patholo-
gies, even in the treatment of unruptured luteinized ovarian follicles. After stopping the
administration of NSAIDs, ovulation returns to normal. However, this effect can be used in
the planning of in vitro fertilization treatments. A representative that has demonstrated
this action in several studies is indomethacin. Indomethacin has been shown to prevent
follicular rupture and reduce premature ovulation, showing an increase in the recovery rate
of immature eggs [95]. In addition, the administration of NSAIDs in the third trimester of
pregnancy can narrow the arterial channel by inhibiting COX-2 and can cause pulmonary
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hypertension in the newborn. Diclofenac is the representative of the class that shows the
greatest power to inhibit prostaglandin E2 (PGE2) production both in vitro and in vivo.
Diclofenac is a low molecular weight molecule that easily crosses membranes, with an aver-
age maternal/fetus drug ratio < 1, concluding that over time it can accumulate in the fetal
tissue [96,97]. Metamizole sodium, withdrawn from the US but still available in Europe and
Latin America, has been studied for its toxic effect on the fetus. In Brazil, studies thereof
have not been associated with birth defects, intrauterine death or premature birth [98–100].
On the other hand, there are studies that associate the administration of dipyrone with the
appearance of Wilms tumors in children and in addition associate this drug with general
class side effects, such as oligohydramnios, by decreasing renal perfusion in the fetus [101].
Likewise, NSAIDs are drugs associated with increased labor duration and onset of labor.
Many pregnant women are exposed to this class of drugs, such as ibuprofen or naproxen,
because they are released without a prescription. Aspirin, at doses up to 80 mg/day, has
not been shown to pose a major risk to the mother and fetus, but when given in high doses,
it can cause intracranial hemorrhage in premature babies born before week 35 [102]. The
administration of low-dose aspirin (LDA) between 80 and 150 mg/day is currently one
of the key interventions for the prevention of preeclampsia, along with optimal calcium
intake and an appropriate lifestyle. Preeclampsia can cause severe complications for both
the mother and the fetus. Most guidelines recommend LDA as prophylaxis for women at
high risk of preeclampsia, but the method of identifying women at this risk has not been
clearly established [103].

Medicina 2022, 58, 1115 9 of 22 
 

 

3.1. Non-Opioid Medications 
3.1.1. Paracetamol (Acetaminophen) 

Paracetamol is the most widely used analgesic in pregnancy. It has an analgesic po-
tency similar to aspirin, being considered an effective and safe therapeutic agent at stand-
ard therapeutic doses throughout pregnancy. Acetaminophen is the main active substance 
used by pregnant women to combat mild to moderate pain and fever, due to its painkiller 
and antipyretic effects [68]. There are no studies showing congenital side effects. A study 
of thousands of pregnant women has shown the safety profile of acetaminophen, with no 
risk of malformations or other adverse effects of pregnancy [69,70]. Paracetamol has been 
reported to possibly present a high risk of attention deficit hyperactivity disorder when 
administered for more than 6 weeks, but according to the FDA these data are inconclusive 
[71]. Finally, several studies have evaluated the relationship between acetaminophen ex-
posure in pregnancy and abnormalities. Various observational studies have investigated 
the effect of paracetamol on the reproductive and urogenital systems in thousands of 
mother–child pairs. Some of these studies have suggested that prenatal exposure to acet-
aminophen poses a high risk of cryptorchidism [72,73] and short anogenital distance 
(AGD), which is an indicator of genital masculinity [74,75]. In addition, another study 
found a possible link between paracetamol exposure and early puberty in females [76]. 
However, other studies have shown that there is no major risk of hypospadias after expo-
sure to paracetamol in pregnancy [77–79]. 

Moreover, regarding the effects observed at the genital level following prenatal pa-
racetamol exposure, possible neurological side effects have been identified. Observational 
studies have reported several associations between the occurrence of neurological disor-
ders and the administration of acetaminophen during pregnancy, disorders such as au-
tism [80–82], attention deficit hyperactivity disorder, decreased IQ (intelligence quotient) 
and speech/language delays, with exposure time having a significant influence [83–90]. 
Although paracetamol is considered a safe medication, based on the information gathered 
on the implications for the pregnant woman, it is recommended to be administrated with 
caution at the lowest effective dose and for the shortest period of time. These possible 
anomalies are summarized in Figure 3. 

 
Figure 3. Acetaminophen exposure in potential pregnancy-associated effects observed in human 
studies. (↑—increase, ↓—decrease) 

Figure 3. Acetaminophen exposure in potential pregnancy-associated effects observed in human
studies. (↑—increase, ↓—decrease).



Medicina 2022, 58, 1115 11 of 21Medicina 2022, 58, 1115 11 of 22 
 

 

  
Figure 4. Chemical structures of non-steroidal anti-inflammatory agents: (a) aspirin, (b) ibuprofen, 
(c) diclofenac, (d) naproxen and (e) celecoxib. 

3.2. Opioid Medications 
According to the FDA classification, codeine and most opioid compounds are in cat-

egory C with potentially toxic to the fetus. The main compounds in this class are mor-
phine-like agonists (hydromorphone, hydrocodone, codeine, oxycodone), meperidine-
like agonists, and synthetic opioid compounds (tramadol). A study of 563 pregnant 
women showed that mothers’ exposure to codeine (Figure 5a) in the first trimester could 
lead to the birth of children with respiratory problems, with eight cases reported in this 
study [50]. 

In the case of pregnant women undergoing chronic opioid treatment, it is recom-
mended that the lowest dose be used or, if possible, that the therapeutic agent be discon-
tinued gradually, initially being replaced with the methadone of buprenorphine, to pre-
vent withdrawal symptoms [104]. It has been observed that buprenorphine is an opioid 
medicine, which has some advantages, namely that it rarely causes withdrawal symptoms 
after stopping the administration and, in addition, mothers who receive treatment with 
this substance give birth to children with higher weight and who need shorter hospitali-
zation times compared to other opioids [105]. Meperidine is not recommended for re-
peated use due to its metabolite, normeperidine, which accumulates in the body and pro-
duces exciting effects on the CNS (Central Nervous System). Whenever it is necessary to 
resort to opioid treatment, it is recommended to administer opioids without active metab-
olites [106]. Fentanyl (Figure 5b) patches are recommended as a treatment during preg-
nancy and even during breastfeeding; however, in this case also, great attention must be 
paid to the withdrawal symptoms [107]. 

Figure 4. Chemical structures of non-steroidal anti-inflammatory agents: (a) aspirin, (b) ibuprofen,
(c) diclofenac, (d) naproxen and (e) celecoxib.

3.2. Opioid Medications

According to the FDA classification, codeine and most opioid compounds are in
category C with potentially toxic to the fetus. The main compounds in this class are
morphine-like agonists (hydromorphone, hydrocodone, codeine, oxycodone), meperidine-
like agonists, and synthetic opioid compounds (tramadol). A study of 563 pregnant women
showed that mothers’ exposure to codeine (Figure 5a) in the first trimester could lead to
the birth of children with respiratory problems, with eight cases reported in this study [50].
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In the case of pregnant women undergoing chronic opioid treatment, it is recom-
mended that the lowest dose be used or, if possible, that the therapeutic agent be dis-
continued gradually, initially being replaced with the methadone of buprenorphine, to
prevent withdrawal symptoms [104]. It has been observed that buprenorphine is an opioid
medicine, which has some advantages, namely that it rarely causes withdrawal symptoms
after stopping the administration and, in addition, mothers who receive treatment with this
substance give birth to children with higher weight and who need shorter hospitalization
times compared to other opioids [105]. Meperidine is not recommended for repeated
use due to its metabolite, normeperidine, which accumulates in the body and produces
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exciting effects on the CNS (Central Nervous System). Whenever it is necessary to resort to
opioid treatment, it is recommended to administer opioids without active metabolites [106].
Fentanyl (Figure 5b) patches are recommended as a treatment during pregnancy and
even during breastfeeding; however, in this case also, great attention must be paid to the
withdrawal symptoms [107].

3.3. Transdermal Therapies

Capsaicin and lidocaine in the form of topical treatment can be used to treat lower
back pain. Topical lidocaine 5% inhibits fast sodium channels in neuronal membranes,
stopping nociceptive activity potentials. While capsaicin acts as an agonist for the transient
receptor potential vanilloid subtype 1 (TRPV1) channel at the level of nociceptors. Their
adverse effects generally consist of localized erythema and skin rash [108].

According to the FDA, patches with 5% lidocaine are classified in category B regarding
the potential risk following administration to pregnant women. There are no studies on the
human species that affirm the safety of the drug, but in studies on rats, the transdermal
application of lidocaine in a dose of 30 mg/kg did not produce adverse reactions in the
fetus. In the Collaborative Perinatal Project, in the 293 children born to mothers exposed
to lidocaine in the first trimester of pregnancy, no increase in the frequency of congenital
anomalies was observed. The safety of topical capsaicin during pregnancy or breastfeeding
has not been established in humans. Animal studies have not shown fetal teratogenicity in
the development of the fetus, and knowing that small amounts are absorbed through the
skin, it is not considered to cause adverse reactions in humans [109].

4. Treatment of Musculoskeletal Pain by Alternative and Complementary Methods

Exercise and rest are the basis for treating chronic musculoskeletal pain. The main
goals of physical activity are to regain strength, endurance, flexibility and, especially, to
reduce chronic pain by modulating the biochemical processes in the body [110]. The side
effects of physical therapy are rare and are limited to musculoskeletal injuries, increased
pain, dehydration, hypo or hyperthermia and, in more severe cases, respiratory and
cardiac problems [111]. Physical therapy is not contraindicated for pregnant women.
The benefits of this type of treatment in combating pain far outweigh the risks, being an
easy way to improve quality of life. However, it is important to note that in the special
condition of pregnancy, physical therapy is recommended to be performed only under
the strict supervision of a person authorized in this field [48]. There are various physical
therapy programs that differ in intensity, frequency, design and area of action. In order to
relieve lower back pain, relaxation exercises and the correction of the sleeping position are
recommended. Exercise in water is used by pregnant women to combat the pain caused by
the mechanical pressure placed by the pregnant uterus on the muscles [112,113].

Non-invasive therapy is most often preferred over drug treatment, and surgery is
not considered an option during pregnancy. Specialists in this field use several treatment
techniques for pregnancy-associated lower back pain, including passive treatments, such
as rest, but especially active treatments, such as exercise [40].

4.1. Physical Exercises and Water Gymnastics

The effects of exercise during pregnancy and postpartum have been evaluated in
several randomized controlled trials [114–125]. In most studies, exercise has been associated
with other methods of physiotherapy, such as manual therapy, pelvic girdle strengthening
and physical therapy. In most cases where these physiotherapy techniques have been
used, positive effects on pain in pregnancy have been reported compared to control groups
or those undergoing only standard care [114,116,122,125]. However, one study found
that the group receiving acupuncture treatment had lower pain intensity and increased
physical activity than standard physical therapy treatment, home exercise, pelvic girdle
exercises, and massage [115]. Exercise-only therapy is an insufficient method of relieving or
combating pain in pregnancy, but it is still more successful than not intervening at all [126].
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No significant side effects of the stabilization exercises were reported, with the exception of
three women who reported a high intensity of pain during the exercises [127]. Some clinical
trials conducted in this regard have highlighted preventive exercises. In a randomized
clinical trial conducted in two groups, it was observed that pregnant women in the group
who exercised for 12 weeks (aerobic and strengthening exercises) both at home and in joint
sessions requested a lower proportion of medical leave due to pelvic pain than women in
the group that received only standard care associated with adequate information from a
specialist [119]. Furthermore, another study found that exercise decreased the incidence of
lower back pain at the end of pregnancy, with increased physical function [128]. Another
study compared lumbopelvin pain experienced by pregnant women exercising in water
and on land. It was observed that after performing the exercises in the water, the pain was
less intense and less medical leave was needed compared to the group who performed
exercises on land [129].

In another study, water gymnastics proved effective. Specifically, performing exercises
in the water once a week in the second half of pregnancy has significantly reduced back and
back pain, with no risk of urinary or vaginal infections following this therapy. Therefore,
the reduction of back pain has also reduced the need for medical leave because of this [111].

4.2. Manual Therapy

Massage therapy and chiropractic care are effective treatment options for pregnant
women suffering from lower back and pelvic pain. Regarding side effects, very few were
reported, not affecting the baby, lumbar spine or pelvis [130,131].

With the development of pregnancy, especially in the third trimester, the center of
gravity of the pregnant woman moves to the anterior and there is an increase in lumbar
lordosis, which has the effect of hyperactivity of the pelvic muscles and the hypermobility of
the joints. In this case, a chiropractor can intervene to help the pregnant woman reduce the
mechanical pain, and even giving advice about special pillows can significantly reduce these
problems in the pregnant woman. In addition, high pressure is exerted on the lower limbs,
requiring proper footwear, orthoses or massage to provide the necessary comfort [132].
Massage therapy has been shown to be effective in combating chronic and subacute back
pain in the general population [133]. Evidence for the effectiveness of manual therapy
in relieving pain in pregnant women is limited. A randomized clinical trial investigated
craniosacral therapy. It was reported that this therapy in combination with standard
therapy reduced the intensity of pain in the morning, with a slight impairment of function
compared to standard therapy alone [134]. Another study evaluated manual therapy, and
osteopathic therapy showed a decrease in pain intensity and disability compared to general
therapy without or with sham-ultrasound [135]. Osteopathic therapy approaches the whole
body, using classic techniques of light pressure, stretching and resistance [136]. Pregnancy
produces major changes in the musculoskeletal system, from the straining of ligaments
and the decrease in range of motion to an increase in muscle tension, causing pain. The
main aim of osteopathic treatment for pregnant women is to relieve pain and support
general function. Treatment includes soft tissue massage and the targeted mobilization
of affected muscles and joints. Gentle exercises at home are recommended to manage
symptoms but also to prepare the mother for the birth and for the life that follows. In
addition, osteopathic manipulative treatment is defined as a manually guided force therapy
by an osteopathic physician to support homeostasis and improve physiological function
that has been affected by somatic dysfunction [137].

4.3. Pelvic Belt

Another method of treatment for the removal of musculoskeletal pain in pregnant
women is the use of the pelvic girdle.

Randomized clinical trials have shown that using this method in women with pelvic
girdle pain reduced their disability and pain intensity compared to women who only
exercised or received general treatment information [117].
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Another randomized study in women with symphyseal pain showed that wearing
a stiff belt decreased pain in all patients, as well as in the group of those who exercised,
but the combination of the two methods did not show an improvement in reducing pain
intensity [138]. Moreover, in another study, lumbopelvic pain was reduced with the help
of two non-rigid belts, one of which showed greater efficacy, although there were no
significant differences between the two [139].

4.4. Acupuncture

Acupuncture is another technique for treating pain. Studies in this direction have
shown that needle therapy used in pregnant women has significantly reduced pain and
increased function [114,115,140,141]. One study found that the effectiveness of acupuncture
is similar to that of therapy by combining training, stretching for postpartum pain regres-
sion with manual therapy [142]. In addition, acupuncture did not cause serious adverse
reactions in either mother or fetus [127,143]. The main treatment methods used to combat
musculoskeletal pain are shown in Figure 6.
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4.5. Electrotherapy

Exercise and manual therapy should be the main treatment methods for relieving
pelvic and lower back pain during pregnancy. However, if these techniques are not enough
or are limited due to pregnancy, electrotherapy can be used [144]. TENS (transcutaneous
electrical nerve stimulation) is a non-pharmacological method that uses a low-intensity
electrical current to inhibit the transmission of pain information to the central nervous
system [145]. The effectiveness of TENS was evaluated in a randomized clinical trial.
The results showed a decrease in pain intensity and an increase in function in pregnant
women who used this therapy compared to groups who used exercise or who received
paracetamol [146]. Evidence is limited, requiring more clinical trials.

Likewise, TENS can be used to reduce pain during labor, it has been shown to be a
safe technique for both mother and newborn [147].
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4.6. The Benefits of Physiotherapy

Exercise is recommended for pregnant women to limit weight gain but also to maintain
cardiovascular function and to prevent chronic diseases. Exercises on land or in the water, as
well as manual therapy, acupuncture and electrotherapy, have been shown to be beneficial
in combating muscle pain during pregnancy, as presented. Furthermore, exercise has
beneficial effects on other levels. Significant weight gain during pregnancy increases the risk
of many pathologies, from gestational diabetes to pregnancy-induced hypertension. Thus,
it has been found that frequent exercise during pregnancy reduces the risk of obesity and the
association with a healthy diet is the best method of weight control [148]. Another positive
finding of physiotherapy in pregnancy is the benefit regarding gestational diabetes. A
study conducted by Barakat and his team found that moderate exercise improves maternal
glucose tolerance without any signs of gestational diabetes [149]. Moreover, exercise in
women with gestational diabetes has reduced the need for insulin [150]. During pregnancy,
the woman undergoes various anatomical and physiological changes that can even lead to
an increased rate of urinary stress incontinence. In this regard, there have been studies that
have shown the benefits of pelvic floor exercises in preventing and treating this problem in
pregnancy [151,152].

However, one aspect that should not be overlooked is the psychological impact of
physiotherapy. Clinical studies have concluded that exercise is an ameliorating factor in
pregnancy and postpartum depression, improving the quality of life and the perception of
pain and general health [153–155].

5. Conclusions

Many women experience musculoskeletal problems during pregnancy, which often
limit their daily activities, so therapeutic intervention is needed to prevent or combat pain.
The information collected showed that alternative and complementary methods decrease
the intensity of pain and in addition help to improve musculoskeletal function. Although
there is clear evidence of the effectiveness of exercise therapy in combating lower back and
pelvic pain in pregnancy, it is not possible to specify exactly what kind of exercises are
suitable for each pregnant woman, the exercises being different in the studies. To be able to
compare the effectiveness of existing therapies, it is necessary to select groups according
to the same set of criteria. Further studies are needed to strengthen the effectiveness of
physical activity, as well as more robust data on the effectiveness of electrotherapy and
craniosacral and osteopathic therapy, as data are limited in this direction. An optimal level
of intensity of physical activities must be established to maintain the safety of the woman
and the fetus, and more detailed studies are required to determine the relationship between
the type of exercise, its dose, intensity, and desired response of preventing or treating
a problem.

Author Contributions: Conceptualization, C.A.D. and E.B.; writing—original draft preparation,
F.F., P.E.M., A.D.S., B.A.G. and N.V.; writing—review and editing, F.F., P.E.M., A.D.S., B.A.G. and
N.V.; supervision, C.A.D. and E.B. All authors have read and agreed to the published version of the
manuscript.

Funding: This research was financed by “Victor Babes” University of Medicine and Pharmacy, 2,
Eftimie Murgu Square, 300041 Timisoara, Romania.

Institutional Review Board Statement: Not applicable.

Informed Consent Statement: Not applicable.

Data Availability Statement: The data supporting the findings of the study are available within
the article.

Conflicts of Interest: The authors declare no conflict of interest.



Medicina 2022, 58, 1115 16 of 21

References
1. Pascual, Z.N.; Langaker, M.D. Physiology, pregnancy. In StatPearls; StatPearls Publishing: Treasure Island, FL, USA, 2022.
2. Bhatia, P.; Chhabra, S. Physiological and anatomical changes of pregnancy: Implications for anaesthesia. Indian J. Anaesth. 2018,

62, 651–657. [CrossRef] [PubMed]
3. Kesikburun, S.; Güzelküçük, Ü.; Fidan, U.; Demir, Y.; Ergün, A.; Tan, A.K. Musculoskeletal pain and symptoms in pregnancy: A

descriptive study. Ther. Adv. Musculoskelet. Dis. 2018, 10, 229–234. [CrossRef] [PubMed]
4. Williamson, C.S. Nutrition in pregnancy. Nutr. Bull. 2006, 31, 28–59. [CrossRef]
5. Zaadstra, B.M.; Seidell, J.C.; Van Noord, P.A.; te Velde, E.R.; Habbema, J.D.; Vrieswijk, B.; Karbaat, J. Fat and female fecundity:

Prospective study of effect of body fat distribution on conception rates. BMJ 1993, 306, 484–487. [CrossRef]
6. Vanstone, M.; Kandasamy, S.; Giacomini, M.; DeJean, D.; McDonald, S.D. Pregnant women’s perceptions of gestational weight

gain: A systematic review and meta-synthesis of qualitative research. Matern. Child Nutr. 2017, 13, e12374. [CrossRef]
7. Bang, S.W.; Lee, S.S. The factors affecting pregnancy outcomes in the second trimester pregnant women. Nutr. Res. Pract. 2009, 3,

134–140. [CrossRef]
8. Londero, A.P.; Rossetti, E.; Pittini, C.; Cagnacci, A.; Driul, L. Maternal age and the risk of adverse pregnancy outcomes: A

retrospective cohort study. BMC Pregnancy Childbirth 2019, 19, 261. [CrossRef]
9. Artal, R.; O’Toole, M. Guidelines of the American College of Obstetricians and Gynecologists for exercise during pregnancy and

the postpartum period. Br. J. Sports Med. 2003, 37, 6–12. [CrossRef]
10. Robson, S.C.; Hunter, S.; Boys, R.J.; Dunlop, W. Serial study of factors influencing changes in cardiac output during human

pregnancy. Am. J. Physiol. 1989, 256, H1060–H1065. [CrossRef]
11. Palmer, S.K.; Zamudio, S.; Coffin, C.; Parker, S.; Stamm, E.; Moore, L.G. Quantitative estimation of human uterine artery blood

flow and pelvic blood flow redistribution in pregnancy. Obstet. Gynecol. 1992, 80, 1000–1006.
12. Katz, M.; Sokal, M.M. Skin perfusion in pregnancy. Am. J. Obstet. Gynecol. 1980, 137, 30–33. [CrossRef]
13. Cheung, K.L.; Lafayette, R.A. Renal physiology of pregnancy. Adv. Chronic Kidney Dis. 2013, 20, 209–214. [CrossRef]
14. Kinsella, S.M.; Lohmann, G. Supine hypotensive syndrome. Obstet. Gynecol. 1994, 83, 774–788.
15. Lanni, S.M.; Tillinghast, J.; Silver, H.M. Hemodynamic changes and baroreflex gain in the supine hypotensive syndrome. Am. J.

Obstet. Gynecol. 2002, 187, 1636–1641. [CrossRef]
16. Whitehead, E.M.; Smith, M.; Dean, Y.; O’Sullivan, G. An evaluation of gastric emptying times in pregnancy and the puerperium.

Anaesthesia 1993, 48, 53–57. [CrossRef]
17. Shah, S.; Nathan, L.; Singh, R.; Fu, Y.S.; Chaudhuri, G. E2 and not P4 increases NO release from NANC nerves of the gastrointestinal

tract: Implications in pregnancy. Am. J. Physiol.-Regul. Integr. Comp. Physiol. 2001, 280, R1546–R1554. [CrossRef]
18. Hu, H.; Pasca, I. Management of complex cardiac issues in the pregnant patient. Crit. Care Clin. 2016, 32, 97–107. [CrossRef]
19. Gaiser, R. Physiologic changes of pregnancy. In Chestnut’s Obstetric Anesthesia: Principles and Practice, 5th ed.; Chestnut, D.H.,

Wng, C.A., Tsen, L.C., Ngan Kee, W.D., Beilin, Y., Mhyre, J.M., Eds.; Elsevier Saunders: Philadelphia, PA, USA, 2014; pp. 15–38.
20. Soma-Pillay, P.; Nelson-Piercy, C.; Tolppanen, H.; Mebazaa, A. Physiological changes in pregnancy. Cardiovasc. J. Afr. 2016, 27,

89–94. [CrossRef]
21. LoMauro, A.; Aliverti, A. Respiratory physiology of pregnancy: Physiology masterclass. Breathe 2015, 11, 297–301. [CrossRef]
22. Stirrat, G.M. Pregnancy and immunity. BMJ 1994, 308, 1385–1386. [CrossRef]
23. Burrows, R.F.; Kelton, J.G. Incidentally detected thrombocytopenia in healthy mothers and their infants. N. Engl. J. Med. 1988,

319, 142–145. [CrossRef] [PubMed]
24. Thabah, M.; Ravindran, V. Musculoskeletal problems in pregnancy. Rheumatol. Int. 2015, 35, 581–587. [CrossRef] [PubMed]
25. Smith, M.W.; Marcus, P.S.; Wurtz, L.D. Orthopedic issues in pregnancy. Obstet. Gynecol. Surv. 2008, 63, 103–111. [CrossRef]

[PubMed]
26. Borg-Stein, J.; Dugan, S.A. Musculoskeletal disorders of pregnancy, delivery and postpartum. Phys. Med. Rehabil. Clin. N. Am.

2007, 18, 459–476. [CrossRef]
27. Sumilo, D.; Kurinczuk, J.J.; Redshaw, M.E.; Gray, R. Prevalence and impact of disability in women who had recently given birth

in the UK. BMC Pregnancy Childbirth 2012, 12, 31. [CrossRef]
28. Imaging Tests for Musculoskeletal Disorders and Muscle Damage. Available online: https://www.envrad.com/imaging-tests-

musculoskeletal-disorders-muscle-damage/ (accessed on 26 July 2022).
29. Test and Treatment Topics. Available online: https://www.radiologyinfo.org/en/test-treatment (accessed on 26 July 2022).
30. Mack, K.A.; Jones, C.M.; Paulozzi, L.J. Vital signs: Overdoses of prescription opioid pain relievers and other drugs among

women—United States, 1999–2010. Morb. Mortal. Wkly. Rep. 2013, 62, 537–542.
31. Fast, A.; Shapiro, D.; Ducommun, E.J.; Friedmann, L.W.; Bouklas, T.; Floman, Y. Low-back pain in pregnancy. Spine 1987, 12,

368–371. [CrossRef]
32. Wang, S.M.; Dezinno, P.; Maranets, I.; Berman, M.R.; Caldwell-Andrews, A.A.; Kain, Z.N. Low back pain during pregnancy:

Prevalence, risk factors, and outcomes. Obstet. Gynecol. 2004, 104, 65–70. [CrossRef]
33. Sabino, J.; Grauer, J.N. Pregnancy and low back pain. Curr. Rev. Musculoskelet. Med. 2008, 1, 137–141. [CrossRef]
34. Katonis, P.; Kampouroglou, A.; Aggelopoulos, A.; Kakavelakis, K.; Lykoudis, S.; Makrigiannakis, A.; Alpantaki, K. Pregnancy-

related low back pain. Hippokratia 2011, 15, 205–210.

http://doi.org/10.4103/ija.IJA_458_18
http://www.ncbi.nlm.nih.gov/pubmed/30237589
http://doi.org/10.1177/1759720X18812449
http://www.ncbi.nlm.nih.gov/pubmed/30515249
http://doi.org/10.1111/j.1467-3010.2006.00541.x
http://doi.org/10.1136/bmj.306.6876.484
http://doi.org/10.1111/mcn.12374
http://doi.org/10.4162/nrp.2009.3.2.134
http://doi.org/10.1186/s12884-019-2400-x
http://doi.org/10.1136/bjsm.37.1.6
http://doi.org/10.1152/ajpheart.1989.256.4.H1060
http://doi.org/10.1016/0002-9378(80)90381-6
http://doi.org/10.1053/j.ackd.2013.01.012
http://doi.org/10.1067/mob.2002.127304
http://doi.org/10.1111/j.1365-2044.1993.tb06793.x
http://doi.org/10.1152/ajpregu.2001.280.5.R1546
http://doi.org/10.1016/j.ccc.2015.08.004
http://doi.org/10.5830/CVJA-2016-021
http://doi.org/10.1183/20734735.008615
http://doi.org/10.1136/bmj.308.6941.1385
http://doi.org/10.1056/NEJM198807213190304
http://www.ncbi.nlm.nih.gov/pubmed/3386694
http://doi.org/10.1007/s00296-014-3135-7
http://www.ncbi.nlm.nih.gov/pubmed/25253297
http://doi.org/10.1097/OGX.0b013e318160161c
http://www.ncbi.nlm.nih.gov/pubmed/18199383
http://doi.org/10.1016/j.pmr.2007.05.005
http://doi.org/10.1186/1471-2393-12-31
https://www.envrad.com/imaging-tests-musculoskeletal-disorders-muscle-damage/
https://www.envrad.com/imaging-tests-musculoskeletal-disorders-muscle-damage/
https://www.radiologyinfo.org/en/test-treatment
http://doi.org/10.1097/00007632-198705000-00011
http://doi.org/10.1097/01.AOG.0000129403.54061.0e
http://doi.org/10.1007/s12178-008-9021-8


Medicina 2022, 58, 1115 17 of 21

35. Germann, C.; Kroismayr, D.; Brunner, F.; Pfirrmann, C.W.A.; Sutter, R.; Zubler, V. Influence of pregnancy/childbirth on long-term
bone marrow edema and subchondral sclerosis of sacroiliac joints. Skeletal. Radiol. 2021, 50, 1617–1628. [CrossRef]
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