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ABSTRACT

BACKGROUND: Musculoskeletal pain is a common reason for visiting pediatric clinics. Causes of chronic musculoskeletal
pain include various inflammatory or noninflammatory conditions. Amplified pain syndrome refers to a wide range of condi-
tions manifested by chronic pain, the common feature of which is central and/or peripheral sensory amplification of pain.
Complex regional pain syndrome is characterized by spontaneously occurring or provoked by irritating stimuli pain of high
intensity, disproportionate to the actual injury or other stimulus, and the presence of several concomitant vegetative and mo-
tor disorders.

CLINICAL CASES: This article presents three clinical cases of pediatric patients with chronic musculoskeletal pain and
an analysis of the current literature on chronic pain in children.

DISCUSSION: Complex regional pain syndrome is more common in adolescent girls, and conflict or psychological trauma is
a common trigger. Symptoms of disproportionate burning pain (causalgia) with trophic changes may indicate complex re-
gional pain syndrome. To date, there are no generally accepted pharmacological treatments recommended for children with
complex regional pain syndrome. Nonsteroidal anti-inflammatory drugs (ibuprofen) and paracetamol and their combination
are commonly administered in cases wherein symptoms of chronic pain first appear.

CONCLUSIONS: Currently, a multidisciplinary approach, including physical, psychological, medical, and invasive methods,
appears to be the most adequate treatment method for musculoskeletal pain. The use of analgesics should comply with ap-
proved protocols of pain management in pediatric practice.

Keywords: amplified pain; complex regional pain syndrome; children.

To cite this article
Kenis VM. Amplified pain and complex regional pain syndrome in children: clinical cases and literature review. Pediatric Traumatology, Orthopaedics and
Reconstructive Surgery. 2024;12(3):361-376. DOI: https://doi.org/10.17816/PTORS634985

Received: 08.08.2024 Accepted: 09.09.2024 Published online: 23.09.2024
V-2
ECOeVECTOR The article can be used under the CC BY-NC-ND 40 license

© Eco-Vector, 2024


https://creativecommons.org/licenses/by-nc-nd/4.0/
https://doi.org/10.17816/PTORS634985
https://doi.org/10.17816/PTORS634985
https://crossmark.crossref.org/dialog/?doi=10.17816/PTORS634985&domain=PDF&date_stamp=2024-09-23

362

OpToneays, TpaBMaTornors
KITMHNSECKIE CITYHAN Tom 12, Ne 3, 2024 VI BOCCTAHOBUTESTbHEA XVPYPIUA AETCKOMO BO3pacTa

YOK 616.71/.74-009.7-009.62-053.2-071
DOI: https://doi.org/10.17816/PTORS634985

KnuHnueckmia cnyyan

AMnauduumMpoBaHHas Mbile4yHO-CKeeTHasa 60sb
U KOMNJIEKCHbIW peruoHapHbii 60neBoM CUHAPOM
y AeTei: KNMHUYECKMEe CNyvyau U aHa/IU3 NiuTepaTypbl

B.M. Kenuc

HaumoHanbHbIN MEAVLIMHCKIIA MCCIEA0BATENbCKUIA LIEHTP AETCKOW TpaBMatonorumn u optoneamu umenm [N. TypHepa, CaHkT-leTepbypr, Poccus;
CeBepo-3anafHblil rocyaapcTBeHHbIN MeAULMHCKIUA yHuBepcuTeT UM. U.A. MeunmkoBa, CaHkT-leTepbypr, Poccus

AHHOTALMA

06ocHoeaHue. bonb B CTPYKTypax OMOpHO-ABUraTeNlbHOMo annapara y pebeHka — 0fiHa M3 caMbIX pacnpoCcTpaHeHHbIX Npu-
UuH 0bpalLeHns K Bpady. MpUUMHBI XPOHWMYECKON MbILIEYHO-CKENETHON DONM BKIIOYAIOT LUMPOKWUIA CNEKTP BOCMANMUTENbHbIX
WM HEBOCNANUTENBHBIX COCTOAHMIA. AMNAMbULMPOBaHHLIN BoNeBOM CMHAPOM — 3T0 TEPMMH, KOTOPLIA OMKUCHIBAET LUMPOKMUIA
CMEKTP COCTOAHUIA, NPOABASIOLLMXCS XPOHUYECKOI DOSbIO U XapaKTEPU3YIOLLMXCS LEEHTPaNbHBIM WM/ MnK nepudepuyeckuM ceH-
COpHbIM ycuneHueM bomu. Mpy KoMNIeKcHOM pervoHapHoM 601eBOM CUHAPOME 0TMEeYaloT CMOHTAaHHO BO3HUKAIOLLYH MW Bbl-
3BaHHYI0 pa3ApaxatoLLmMu CTUMyNamu 6011b BLICOKOW MHTEHCMBHOCTH, HEMPOMOPLMOHANbHY0 GaKTU4EeCKON TpaBMe Wiu MHO-
My CTUMYNY, MPX HAJIMYMK LIMPOKOTO CMEKTpa COMYTCTBYHOLLMX BEreTaTUBHbIX U ABUraTeslbHbIX HapyLIEHMH.

Knunuyeckue Habmoderus. B HacTosLLel nybnmKaumMmM npencTaBneHbl TPU KIMHAYECKUX Cly4as NaLWMeHToB LEeTCKOro Bo3-
pacTa C XPOHUYECKON MbILLEYHO-CKENETHOM BOMbI0 M aHaNU3 COBPEMEHHO NTepaTypbl, MOCBALLEHHON XPOHUYECKON 6onu
y LeTen.

06c¢yxcdeHue. KoMMNEKCHbIN perMoHapHbIn 6051eBoOi CMHAPOM Yallie BCTpeYaeTcs Y NoApocTKoB B Bo3pacte 11-14 ner, fe-
BOYKM DBoneroT yalue, YeM Manbunku. KoH®IMKTHaAs un ncuxoTpaBMUpYIOLLAs CUTYaUMs, KaK NPaBuio, CYXUT TPUITEPOM.
CvMNTOMBI AMCNPONOPLMOHANbHOM Kryden bonmn (Kay3anrum) ¢ COOTBETCTBYIOLLMMM TPODUYECKUMU U3MEHEHWUAMU [OMMKHbI
BbI3bIBaTh Y NPAKTWKYIOLLEr0 Bpaya NoJ03PeHNUe HA KOMMEKCHBIA peroHapHbIi boneBoii cuHapoM. Ha cerofHAWHMIA AeHb
He CyLLeCTBYeT 0BLLENPUHATLIX GapMaKOIOrMYECKUX METOAOB JIEYEHMs, PEKOMEHLOBAHHbIX 1S AETEN C KOMIMIEKCHBIM pe-
TMOHapHbIM DofeBbLIM CHHAPOMOM. HecTepounaHble NpoTMBOBOCTaNUTENbHbIE Npenapatkl (MbynpodeH) 1 napaueTaMon, a Tak-
e WX KoMBuHauumsa Hambonee YacTo Ha3HaYaloT B TeX CMy4asX, KOrAa BriepBble MOSBASIOTCS CUMMTOMbI XPOHUYECKOM bonu.
3axntoyerue. KoMNNEKCHbIA MyNbTUANCLMIIMHAPHBIA NOLX0A, BKIIOHALWMIA GU3MYECKUe, NCUXONOrnyecKkue, MeauKaMeH-
TO3HbIE M WHBA3WBHbIE METOAbI, HAa CErOfHALLHUIA AeHb NpeacTaBnseTcs Haubonee 060CHOBAHHBIM, MPU 3TOM NPUMEHEHME
MeIMKaMEHTO3HbIX MPenapaTtoB JOIKHO COOTBETCTBOBATH YTBEPHKAEHHBIM HOPMaM U NpaKTuKe 06e3001MBaHUA B NEAMATPUN.

KnioueBble cnoBa: aMniMduLMpoBaHHas 60J1b; KOMMEKCHBIN pervoHapHbIiA 601eBOM CUHAPOM; AETH.
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CLINICAL CASES

BACKGROUND

The etymological relationship between the Russian words
for “pain” and “disease” is suggestive of an association
between the two concepts. However, there are medical
conditions wherein pain emerges as the fundamental aspect
of the disease, defining its nature and serving as primary
manifestation. In such cases, pain evolves from merely being
a complaint or symptom to becoming a separate disease.
Traditional clinical diagnostics defines pain as a primary
indicator for identifying the underlying source, i.e., a disease
or injury. Pain plays a pivotal role in localizing the pathological
process, while a combination of clinical, laboratory, and
instrumental methods are available to ascertain its specific
nature. Therefore, a diagnosis of pain syndrome as a disease
is primarily focused on pain assessment, and objective
evaluations, both clinical and instrumental, should be
regarded as a tool to rule out other potential diseases. This
approach requires that a medical professional with expertise
in a specific therapeutic area, including orthopedic surgery,
maintain a high level of vigilance, demonstrate considerable
patience, and be willing to interpret medical challenges.
A mechanistic approach and “simple” explanations may not
only prove ineffective in facilitating early diagnosis, but may
also contribute to decision errors and the progression of
the disease.

The concepts of acute and chronic pain are distinguished
both terminological and temporal criteria. In population and
clinical studies, the conventional approach of defining pain by
its persistence is to categorize it as acute (up to 3 months)
or chronic (more than 3 months). This facilitates the formal
diagnosis, patient allocation to study groups, and use of
treatment algorithms in relevant situations in real-world
clinical practice. However, it is widely acknowledged among
clinicians any such categorization is conventional. Initially, any
chronic pain is preceded by an acute phase. Hypothetically
speaking, any patient who seeks medical assistance for
acute pain may ultimately develop chronic pain. However,
this diagnosis can only be confirmed through repeated visits
to the physician.

A musculoskeletal pain, specifically a sudden (acute)
pain resulting from injuries and diseases, is one of the most
common reasons for a child to visit a medical professional
(@ pediatrician, orthopedic surgeon, rheumatologist, or
neurologist) [1]. The etiology of chronic musculoskeletal
pain can be attributed to a multitude of inflammatory or non-
inflammatory conditions such as arthritis, joint hypermobility,
fibromyalgia, growing pains, complex regional pain syndrome
(CRPS), etc.

A group of chronic pain syndromes of unknown etiology
is generally described with the descriptive term “amplified
pain syndrome” (APS). Amplified musculoskeletal pain
syndrome (AMPS) is a term that describes a wide range of
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medical conditions characterized by chronic musculoskeletal
pain. The underlying mechanism of these various subtypes
is central and/or peripheral sensory pain amplification [2].
In APS, pain signals are amplified as a result of various
factors, so that mildly painful or non-painful stimuli are
perceived by the body as very painful. This leads to significant
functional impairment, as the patient tries to avoid any
situation that may cause pain [3]. The hallmark of CRPS is
the occurrence of pain, which may develop spontaneously or
in response to high-intensity stimuli and is disproportionate
to the actual injury/stimulus. Another essential aspect of
CRPS is the presence of a variety of concomitant vegetative
and motor disorders [4].

It should be emphasized that the terminology used to
describe pain syndromes is often confusing and contradictory.
This is a result of the historical evolution of definitions,
categorizations, and explanations of the same phenomena,
which have varied across different clinical and scientific
schools and periods. Consequently, there is considerable
duplication and overlap in terminology. The absence of
objective diagnostic criteria poses a significant challenge
in establishing clear definitions of these historical terms.
The causal relationship between the main concepts associated
with chronic pain syndromes is illustrated in Figure 1. Chronic
pain is typically determined by the temporal factor and
defined as lasting for more than 3 months. Musculoskeletal
location has been identified a specific determinant for
chronic musculoskeletal pain, which can be associated
with a wide range of causes such as rheumatic diseases,
tumors, infections, inflammatory and non-inflammatory
arthropathies, etc. Amplified musculoskeletal pain is
distinguished from other chronic pain syndromes, once all
other potential causes of pain have been excluded (although
the search for the cause may not have been extensive enough
to yield conclusive results). Moreover, it is hypothesized that
an underlying factor is responsible for amplifying the pain
perception in the central nervous system (CNS). CRPS may
be considered a variant of APS with a distinctive clinical
presentation and local symptoms.

CRPS is divided into two types. Type | CRPS (CRPS-I),
formerly known as reflex sympathetic dystrophy, usually
develops after an inciting event (a minor trauma or
a bone fracture without apparent nerve injury). Type I
CRPS (CRPS-II), formerly called causalgia, is an extremely
uncommon occurrence in pediatric patients. It is a neuropathic
disorder that results from a partial injury to a nerve or its
branches. Historically, a variety of terms has been used to
describe CRPS, such as reflex sympathetic dystrophy, reflex
neurovascular dystrophy, algodystrophy, causalgia, and
localized idiopathic pain, while the term “Sudeck atrophy”
describes a combination of clinical and radiological signs.

Currently, there is a dearth of accurate, population-based
data on the incidence of CRPS in children. The published
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Fig. 1. Causal relation between the main terminological concepts describing chronic pain syndromes.

literature is largely comprised of case reports or case series
[5, 6]. Among children under the age of 18 years, CRPS-I
is more common in females, with a mean age of diagnosis
at approximately 12 years. The lower extremities are more
frequently affected than the upper extremities, with foot
involvement being a particularly common occurrence [7].

The etiology and pathogenesis of CRPS remain unknown,
although various hypotheses have been proposed based on
studies conducted on adult patients. In many cases, CRPS
develops after a relatively minor injury, most commonly
a sprain, ankle twist, dislocation, or soft tissue injury.
In some cases, no information on the injury can be obtained.
Fractures have been reported to account for 5%—14% of
the inciting events, while 10%-15% of cases of CRPS develop
postoperatively [8].

Psychological factors and stress are significant
contributors to the onset or progression of CRPS. Cruz et
al. established an increased incidence of emotional distress,
especially anxiety, in children with CRPS [9]. Logan et al.
revealed that pediatric patients with CRPS were more
functionally disabled, reported more physical symptoms
(cardiovascular, respiratory, gastrointestinal, and urinary
dysfunctions) than children with other pain conditions [10].
A greater prevalence of psychological and emotional school
stress was observed in pediatric patients with CRPS,
while school absenteeism was a common occurrence [11].
Stressful life events has been found to be more common
in the CRPS group [12]. Furthermore, adverse family
circumstances are frequently found to be a contributing
factor. Sherry and Weisman [13] assessed 21 families with
children diagnosed with CRPS, identifying two different
types of families, where the type 1 showed high internal
cohesion and organization and low levels of conflict, while
type 2 showed high overt conflict and low levels of family
cohesion and organization. The researchers identified

a number of potential stressors in the lives of children, such
as parental conflicts, serious school problems, and domestic
violence. They concluded that CRPS is frequently a stress-
related disease, and this factor must be taken into account
when selecting therapeutic approaches for treating these
children. Some children reported adverse psychological
backgrounds, including psychological trauma and violence,
only years later. The role of adverse childhood experiences
in the development of amplification pain requires further
investigation, but it may be an important factor [14].
Common clinical symptoms of CRPS in children include
pain itself, high sensitivity to painful and non-painful stimuli,
local vegetative symptoms, motor disorders, and trophic
changes. Patients report a continuous pain in the affected
limb, which persists even at rest and worsens with limb
movement. In cases where the patient is able to recall
the inciting event (such as a trauma, painful procedure, etc.),
it becomes evident that there is a significant discrepancy
the pain experienced and the underlying cause [3]. Most
patients present with allodynia, defined as the experience of
pain in response to a stimulus that is typically non-painful
(i.e., tactile). Another common manifestation is hyperalgesia,
i.e. a severe pain caused by a stimulus that would typically be
perceived as moderately painful. Patients report experiencing
a burning, fulgurant, stabbing, or like an electric shock-
like pain. Limited range of motion in the affected limb is
a hallmark of pediatric CRPS. Most children are unable or
unwilling to bear weight on the affected limb because of
the associated pain [15]. The absence of weight-bearing
and forced immobilization may potentially contribute to
the development of mild-to-moderate muscle weakness
and muscle atrophy. The use of crutches or a wheelchair is
frequently observed in such cases. It is crucial to initially rule
out other potential causes of muscle weakness and atrophy,
such as neuromuscular diseases. Vegetative changes
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are evidenced by edema and mild swelling, temperature
changes, hyperhidrosis, skin discoloration, cyanosis, cold
intolerance, and macular and dry skin. Over time, trophic
skin changes occur in the affected limb, e.g., hair and nails
may grow faster or slower [16]. In their study, Agrawal et al.
demonstrated that dystonia, primarily associated with a tonic
flexion posture, was the most common movement disorder,
followed by tremors and myoclonus [17].

Areview of the published literature suggests that a number
of mechanisms may be responsible for the development
of CRPS. In central sensitization induced by peripheral tissue
damage or nerve injury elicits a response process that occurs
in the CNS, thereby reducing a pain threshold and increasing
the length, severity, and location of pain [18]. Lebel et al.
used functional magnetic resonance imaging (MRI), the most
informative method for assessing the brain function, to
evaluate CNS activation in 12 pediatric patients with CRPS.
The abnormal activation of the sensory cortex, motor areas,
emotion centers, and pain sensory areas was observed in
response to stimuli applied to the affected limb vs. the intact
one. These irregular patterns of CNS activation persisted
even after the symptoms of the disease had been resolved.
It is posited that the brain of patients with CRPS responds
to normal stimuli in a manner that is different from that
observed in healthy individuals [19]. It has been suggested
that changes in small fibers (i.e., small fiber neuropathy,
SFPN) may constitute a potential mechanism for CRPS.
Acquired SFN is defined as damage to the small-diameter,
unmyelinated peripheral nerve fibers that are responsible for
pain signal transmission [20]. A study of 41 pediatric patients
with chronic pain revealed definite SFN in 59%, probable
SFN in 17%, and possible SFN in 22% of patients [21].
These findings suggest that SFN may represent a common
pathogenetic mechanism underlying pediatric chronic pain
syndromes. However, further studies are required to confirm
this hypothesis.

Alexander et al. suggested that immune activation
plays a role in the pathophysiology of CRPS. They reported
a significant increase in plasma levels of cytokines and
their soluble receptors in adult patients compared to
controls [22]. Similarly, another study demonstrated
an increase in cerebrospinal fluid levels of proinflammatory
cytokines, namely interleukin-1f, interleukin-6 (but not
tumor necrosis factor alpha) in adult patients with CRPS
compared to controls [23]. Inflammation and peripheral
sensitization (an increased sensitivity in the sensory system)
may play a pivotal role in the early stages of CRPS after
injury [24]. However, these processes themselves represent
natural healing responses that are essential for the repair
of damaged tissues. Pain is an adaptive response that is
proportional to the provoking injury and tends to decreases
during the phase of recovery. It is also reasonable to assume
that certain sympathetic vasomotor responses, such as
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edema, hypothermia, or hyperthermia may be regarded as
typical phenomena during the healing process. The severe
pain, hyperpathia, allodynia, edema, and vasomotor changes
observed in CRPS are characteristic of the early stages of
severe trauma, suggesting that these symptoms and signs
should not be considered abnormal. CRPS is a condition
characterized by an abnormally increase in severity, extent,
and duration of symptoms and signs of inflammation, sensory
sensitization, and sympathetic responses. Neurogenic
inflammation has been suggested to play a role in the early
stages of CRPS [25]. Local elevations of proinflammatory
cytokines have been demonstrated in adult patients early
during CRPS [26].

A clinical diagnosis of CRPS is based on a comprehensive
medical history and physical examination with neurological
assessment. It is crucial to rule out other potential etiologies
of chronic pain, including orthopedic, neurological, and
rheumatic diseases. The anamnesis should include
an assessment of the child’'s family, social, and school
environment. A physical examination typically does not yield
any notable abnormalities, apart from the aforementioned
findings [27].

In the event that the diagnosis remains inconclusive,
the initial examination will typically comprise a series of
laboratory tests and imaging procedures, such as radiography,
MRI, computed tomography (CT), and, where appropriate,
scintigraphy and electroneuromyography (ENMG).

Fibromyalgia, joint hypermobility syndrome, myofascial
pain, unrecognized local injury (fracture, sprain, dislocation),
arthritis (including enthesitis-associated), spondyloarthropa-
thy, leukemia, brain and spinal tumors, chronic relapsing
multifocal osteomyelitis, Raynaud'’s disease, Fabry disease,
erythromelalgia, perniosis, chronic compartment syndrome,
peripheral neuropathy, progressive diaphyseal dysplasia
(Camurati-Engelmann disease), idiopathic juvenile osteo-
porosis, thyroid disease (hyperthyroidism/hypothyroidism),
vitamin D deficiency — this is not an exhaustive list of
medical for which differential diagnostics with CRPS is re-
quired [3].

A basic laboratory testing protocol should include hema-
tology, blood chemistry, C-reactive protein level, erythrocyte
sedimentation rate, creatine kinase, and antinuclear antibod-
ies. However, CRPS patients usually present with normal lab-
oratory values. Imaging assessments typically demonstrate
normal findings, although in those cases where the disease
history is considerable or the degree of functional impairment
is significant, secondary local osteoporosis may be identi-
fied, and MRI may indicate varying degrees of spinal cord
edema [28].

There are currently no direct diagnostic methods for CRPS
in either children or adults. However, a number of diagnostic
criteria have been developed. The Budapest Criteria (Table
1) are the most commonly used [29], having demonstrated
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Table 1. Budapest Criteria for complex regional pain syndrome

Criteria Signs
Criterion 1 Long-term pain disproportionate to an injury
Criterion 2 At least one of four symptoms:
» sensory: hyperalgesia and/or allodynia;
- vasomotor: temperature asymmetry, and/or skin discoloration, and/or skin color asymmetry;
« sudomotor: edema, and/or sweating changes, and/or sweating asymmetry;
« motor/trophic: decreased range of mation, and/or motor dysfunction (weakness, tremor, dystonia),
and/or trophic changes (hair, nails, skin)
Criterion 3 At least one sign of the following symptoms:
« sensory: hyperalgesia (to pinprick) and/or allodynia (to light touch, and/or deep pressure, and/or joint
movement);
« vasomotor: temperature asymmetry, and/or skin discoloration, and/or skin color asymmetry;
« sudomotor: edema and/or sweating changes;
« motor/trophic: decreased range of motion and/or motor dysfunction (weakness, tremor, dystonia)
and/or trophic changes (hair, nails, skin)
Criterion 4 There is no other diagnosis that better explains the signs and symptoms

Note: two of the four criteria must be met for a diagnosis of CRPS.

high sensitivity (nearly 100%) and acceptable specificity
(70%—-80%) in adults, although they have not been formally
validated in children.

The early diagnosis and treatment of CRPS are crucial
[30, 31], and primary care physicians play an important role
in preventing the development of CRPS and should be aware
of the specific features of pediatric CRPS, such as gender
(female), age (at approximately 12 years), injury site (lower
limb) and side (left), and psychological and family problems.
However, these features are not specific for CRPS. Although
associated psychosocial problems can be identified through
careful interview or specialized questionnaires, their routine
use in all patients may not be appropriate in primary care
settings.

This study presents three case reports of pediatric
patients with chronic musculoskeletal pain and provides
a narrative review of the literature, primarily comprising
studies published after 2000. Additionally, it includes the most
relevant publications of the previous decade on chronic pain
in children, with the objective of raising awareness among
physicians of this issue.

CLINICAL CASES
Patient 1

A 14-year-old female patient presented at the office of
a pediatric orthopedic surgeon. She entered the office on
crutches exhibited a series of expressive facial movements
throughout the examination, indicating pain and distress.
These movements were accompanied by changes in posture,
the process of taking off her shoes before the examination.
When asked about the purpose for the visit, the patient’s
mother mentioned a number of healthcare facilities they
had previously visited earlier and emphasized that none
of these facilities had been able to provide a satisfactory

diagnosis or assistance. The medical history data indicated
that approximately one year before at a sports camp during
a sports dance training session, the patient twisted. She
did not experience severe pain and continued training.
On the following day, the patient experienced a recurrence
of the pain, which subsequently increased in severity
over the days. Upon returning from the camp, the girl
informed her mother, who used home remedies with no
improvement. In an emergency department, no evident
of bone or ligament injury was identified. The patient was
diagnosed with a sprain and discharged with standard
recommendations. Over the next few months, the patient
experienced worsening of pain, ankle and foot swelling.
The treatment, which included electrical stimulation,
compresses, and ointments with non-steroidal anti-
inflammatory drugs (NSAIDs) proved ineffective. Instead,
the pain worsened, thereby necessitating the use of
crutches and the transition to online learning. Despite
the use of various diagnostic modalities, including blood
tests, X-ray, and MRI imaging, the underlying cause of
the observed clinical presentation remained unclear. Since
the onset of the disease, a variety wa medications, including
NSAIDs, oral glucocorticoids, antibiotics due to suspected
infection, multivitamins, and sedatives were regularly but
unsystematically prescribed. Due to the recurrent physical
symptoms of dyspepsia, abdominal pain, and heart pain
in the heart, which also occurred with approximately
the same severity before the foot injury, a number of
assessments were performed and treatment modalities
were attempted, yet no long-lasting results were achieved.
The patient’s mother consistently expressed regarding
the potential adverse effects of various pharmaceutical
agents. In direct conversation with the girl, her speech
demonstrated a striking resemblance to her mother’s
description of the disease history. The mother’s intervention
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CLINICAL CASES

in the conversation was pervasive, with frequent corrections,
instructions, and additions to the narrative, as though
speaking on behalf of the girl. When asked about her
activities at the sports camp where the injury occurred,
the girl detailed her athletic achievements before the injury,
the support she received from her friends on the sports
team who visited her since she was home-schooled
due to her inability to attend school. The patient said she
wanted to return to school and resume sports training.
The patient demonstrated difficulty in precisely localizing
the pain. She provided a somewhat vague description of
multiple regions in the ankle joint and foot areas, avoiding
direct contact with the skin to prevent further discomfort.
She reacted extremely emotionally to attempts to palpate
the ankle joint and foot. It was also noteworthy that when
her attention was deliberately switched to other objects
(e.g., when assessing the range of motion in the knee
joint or reporting the presence of pain), and concurrently,
the physician’s hands maintained contact with the previously
identified painful areas, this did not elicit a markedly
emotional pain response. After the examination, the girl
put on a sock and a rather tight shoe, although before
she had exhibited a notable reluctance to allow anyone to
touch her foot. However, this did not negate the essence of
the phenomenon of allodynia nor indicated that the pain was
solely psychogenic in nature.

When asked directly in the presence of her mother about
any potential negative or other psychological and emotional
problems that may have arisen before or during the illness,
the girl did not indicate any such problems. In a discussion
with the girl's mother, it became evident that shortly
before the onset of the disease, the girl's father, who had
abandoned the family in her early childhood, had returned
to them. The child was unable to accept this return, yet she
demonstrated no outwardly negative reactions.

Following a consultation with a neurologist, the girl was
diagnosed with CRPS and received pain relief medications,
including a fixed-dose combination of ibuprofen and
paracetamol (1 or 2 tablets depending on the pain severity,
as needed, but not more often than once every 6 hours).
Given the nature of the disease, the treatment course
was 3 weeks. Additionally, the neurologist recommended
amitriptyline, a consultation with a psychologist, subsequent
sessions of psychotherapy, and rehabilitation treatment
(physical rehabilitation, hydrotherapy). At the 3-month
follow-up appointment, the patient presented without the use
of crutches. Palpation and movements of the foot and ankle
were observed to be painless. The mother reported without
offering specific details, that the psychological situation
within the family had been improved.

In this case, the patient and her mother needed to be
informed that the painkiller (a fixed-dose combination
of ibuprofen and paracetamol) and the antidepressant
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Fig. 2. Appearance of the feet in Patient 1: swelling, skin hyperemia,
forced position of the limb.

(amitriptyline) in this case should not be regarded as
potentially harmful substances, but rather as treatment
for the underlying disease. It was also crucial to clarify to
the child and mother that in the context of CRPS, the motor
function recovery should occur prior to pain relief, rather
than afterwards, to effectively address kinesiophobia (fear
of movements due to the painful feeling).

Patient 2

A second clinical case is presented in a somewhat
unconventional format, since the child was followed-up
via written correspondence with the mother. A 15-year-
old female patient permanently lived and studied abroad.
The patient’s parents were professional musicians, and
the girl was learning the cello, demonstrating notable
progress. Since the age of primary school, the child pre-
sented with intermittent pain in the legs and poor toler-
ance to physical activity. In adolescence, due to persistent
symptoms, the child was examined by an orthopedic sur-
geon. Based on the radiography findings, bilateral os tib-
iale externum was diagnosed. The patient was offered
surgical treatment, which was performed on the right
leg. The suitability of the surgical procedure cannot be
discussed retrospectively. However, it should be noted
that there is no consensus in the literature on the opti-
mal approach to the treatment of this medical condition.
The postoperative and early recovery periods were un-
remarkable. The patient was able to resume her normal
activities following the procedure, after which a similar
surgery was performed on the left leg. In the early post-
operative period, the child experienced pain and external
changes in the foot, necessitating a medical consultation.
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Fig. 3. Appearance of the foot in Patient 2: swelling and skin
discoloration.

Having received no clear explanations, the parents elected
to continue the standard rehabilitation treatment derived
from the experience of the previous surgical procedure.
However, despite this approach, there was no improvement
in motor function, and the pain increased in severity. Con-
sequently, following numerous consultations with medical
professionals, and at the recommendation of a colleague,
the girl's mother wrote a request for assistance. The frag-
ment from the letter is presented in its original form, since
it offers insight into the mother’s perception of the situa-
tion with the child and the extent of her emotional involve-
ment.

“Pain description: a persistent sharp pain in the entire left
foot, and the tendons on both sides of the left leg. The entire
leg (extending to the back) is highly tender and cannot be
touched. She walks more slowly and avoids bearing weight
on her left leg. The pain is less severe at night (the girl
can sleep). The most severe pain occurs during excessive
walking or any exercise. Four months ago, she could move
her foot left, right, up and down with minimal discomfort.
She demonstrated good recovery after surgery. Currently, she
cannot move her foot in any direction due to pain. Purple
spots often appear on the toes of her left foot due to pain
and anxiety.”

The mother was informed of the specifics of CRPS as
a distinct medical condition and advised to consult with a pain
management specialist. A video of the girl playing the cello
on stage, walking without a limp in beautiful shoes, was sent
several months later.

Surgical procedures on the foot are one of the most
common triggers for the development of CRPS. In most cases,
CRPS develops following minor surgeries performed for mild
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deformities that are not associated with significant initial pain
syndrome. It is important for surgeons to recognize that even
minor surgical procedures can potentially lead to significant
complications.

Patient 3

Finally, Clinical Case 3 complements the presentation
and illustrates the range of chronic musculoskeletal pain in
pediatric patients. It concerns a 13-year-old female patient
admitted to the Foot Pathology Department for examination
and treatment. Over the past three years, she had been
examined and treated by a range of medical specialists,
including pediatricians, rheumatologists, and neurologists.
The onset of symptoms occurred 3 years before, following
an intercurrent viral disease, and was accompanied by pain
and swelling in her legs, primarily affecting the ankle joints.
The pain could occur in one or both legs concurrently, was
not associated with a specific time of day, and was induced
or aggravated by physical load. The efficacy of NSAIDs
was found to be insignificant. The diagnosis established
by the consulting physicians ranged from polyneuropathy
to juvenile chronic arthritis. However, the pharmacological
agents prescribed for the suspected diagnosis proved to be
ineffective. During the online consultation, a diagnosis of
CRPS was considered a potential explanation for the child’s
symptoms, based on the medical records which referenced
a history of injury. The girl was admitted to hospital for
assessments and conservative treatment. The medical
history documented at the time of admission indicated
that the child had no limb injury that could account for
a temporal relationship comparable to that in the current
clinical presentation. The psychosocial background of
the family did not provide sufficient evidence to make
an unconditional assumption of classic CRPS triggers.
A review of the medical history demonstrated that at
the age of 6, the patient was diagnosed with an astrocytoma
located at the fourth ventricle base. After subtotal resection,
the patient achieved a stable remission. Her mother reported
that the girl had experienced difficulties with the motor
function recovery following the surgical procedure. However,
within a few months, she had fully recovered to her
preoperative motor activity level. Furthermore, following
the surgical procedure, the girl's emotional state changed
significantly, and she became emotionally detached
(as reported by her mother, “she stopped smiling”), while
exhibiting increased susceptibility to whims and negative
emotional reactions.

In recent years, the patient’s inability to attend school due
to leg pain resulted in her transitioning to home schooling
and a significant reduction in her ambulatory activity within
the home environment, except for essential activities
(kitchen/toilet/bathroom). Despite this, her gait remained
largely unimpaired. The girl explained her reluctance to walk
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by the fear of pain. The assessments revealed no significant
findings, although a decrease in bone mineral density was
observed by bone densitometry (a Z-criterion of -1.8).
As clinical examination conducted by various medical
specialists (including orthopedic surgeons and neurologists)
and CT, ENMG, and MRI scans demonstrated no factors that
could be associated with the patient’s clinical symptoms
(the imaging findings are not provided in this case report).
A diagnosis of APS was established. The brain tumor and
subsequent treatment were suggested as an amplification
factor. A bisphosphonate infusion (ibandronic acid 0.1 mg per
1 kg of body weight) was administered following the consent
of the parents and the decision of the medical panel since
the drug is not approved for patients under 18 years of age.
At the two-day follow-up, the patients reported a reduction
in pain severity from 9 to 7 points as measured by the visual
analogue scale (VAS). It was recommended that the therapy
be repeated at 3 months. Moreover, the patient received
Ibuclin Junior 1 or 2 tablets depending on the pain severity,
as needed, but not more often than once every 6 hours, for
3 weeks. One month after the treatment, the patient’s pain
syndrome persisted, though decreased in severity to a VAS
score of 4 points. The parents reported an increase in motor
activity and improved emotional state.

DISCUSSION

The primary objectives of CRPS treatment are to provide
pain management and to enhance overall functioning, thereby
improving the patient’s quality of life. This is achieved through
a comprehensive approach that integrates an intensive
physical rehabilitation and cognitive behavioral therapy. This
strategy may initially appear to conflict with the patient’s
intrinsic belief that rest is a means of symptom management.
However, the choice of specific treatment methods remains
unclear. A Cochrane review (2013) of treatment strategies for
adult patients with CRPS highlighted a dearth of high-quality
evidence-based studies to directly assess the efficacy of
most treatments [32].

Physical rehabilitation is a cornerstone of treatment
for children with CRPS [33], yet there is no consensus on
the optimal length, intensity, or specific methodology.
The most widely accepted treatment approach is based
on a combination of physical rehabilitation and cognitive
behavioral therapy [34]. The treatment is focused on providing
the motor function recovery, enhancing the joint range of
motion, improving exercise tolerance, and strengthening
muscles, while also teaching the child to accept and
manage pain [35]. Psychotherapy is an essential component
of the multidisciplinary approach, and the efficacy of
psychological treatments have been demonstrated in
studies of children with chronic pain [36]. A Cochrane
review (2014) [37] provides only limited evidence to support
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the efficacy of psychological methods in the assessment and
treatment of pediatric patients with chronic pain.

To date, there is no consensus regarding pharmaco-
logical treatments for children with CRPS. NSAIDs and
paracetamol are frequently indicated for the initial mani-
festations of chronic pain and are also used as an addi-
tional therapy to complement physical rehabilitation [38]. In
a clinical study, 50 of 70 patients received NSAIDs, with
40% reporting a reduction in pain severity. Although this
may initially appear to yield suboptimal results, it is cru-
cial to emphasize that 55% of patients experienced per-
sistent pain syndrome despite the combination treatment,
which included physical therapy, transcutaneous electrical
nerve stimulation, psychotherapy, tricyclic antidepressants,
and sympathetic nerve block [39]. CRPS may be defined as
a medical condition in which early inflammatory responses
are not effectively suppressed. NSAIDs have been dem-
onstrated to be an effective treatment option for pediatric
patients with CRPS. Their mechanism of action involves
the inhibition of peripheral sensitization, thereby suppress-
ing the synthesis of prostaglandins [40].

The choice of a fixed-dose combination of ibuprofen
and paracetamol as an analgesic in the presented case
reports was based on the pharmacological characteristics
of the drugs, specifically the combination of a classic NSAID
(ibuprofen) and a central acting analgesic (paracetamol).
This combination has been demonstrated to be highly
efficacious in the treatment of chronic musculoskeletal
pain in children, as it targets both the peripheral and central
underlying mechanisms. A significant benefit of this fixed-
dose combination is the availability of a pediatric dosage
form (dispersible tablets) approved for children aged 3 years
and older. Additionally, total doses of the active ingredients
in the combination of ibuprofen and paracetamol are
1.5-2.5 times lower than those of monotherapies.

Amitriptyline and phenytoin have been used in pediatric
CRPS, usually in addition to physical rehabilitation, sometimes
in combination with gabapentin [41]. Gabapentin has been
described as a drug of choice for the treatment of pediatric
patients with CRPS [42]. These pharmaceutical agents were
typically initiated at an early stage to facilitate physical
rehabilitation, and their doses were tapered when symptoms
subsided [43]. Small case series of oral glucocorticoids
in CRPS in children did not show any significant clinical
effect [44].

In their study, Petje et al. [45] evaluated the results of
intravenous infusions of iloprost, a prostacyclin analogue.
Despite pain relief, adverse reactions such as headache,
nausea, vomiting, and decreased systolic blood pressure
were reported in all cases. The authors do not recommend
iloprost as a primary therapeutic option. Brown et al. [46]
analyzed the treatment outcomes in 29 patients who had
not responded to physical methods and cognitive behavioral
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therapy. Both gabapentin and amitriptyline demonstrated
efficacy in reducing pain and improving sleep, with no
significant differences between the two. However, it was
observed that the gabapentin group experienced ventricular
conduction impairment, while amitriptyline was associated
with Q-T prolongation. The use of bisphosphonates is also
deemed appropriate, particularly during the early stages of
CRPS [47, 48].

A paucity of data exists in the literature regarding
the use of invasive treatments of children and adolescents
with CRPS. The most commonly used methods included
bolus sympathetic nerve blocks, epidural nerve blocks,
and prolonged sympathetic nerve blocks, while spinal cord
stimulation was less frequently used [49]. These invasive
techniques have demonstrated efficacy in reducing pain
syndrome and functional disorders in most patients. However,
the level of evidence supporting the inclusion of invasive
methods in the treatment program for CRPS in the pediatric
population remains insufficient [50]. In a study by Donado
et al. [51], prolonged epidural or peripheral nerve blocks
in patients who had not responded to physical treatment
and cognitive behavioral therapy resulted in a significant
decrease in pain severity in most patients, although 39% of
patients did not demonstrate clinical improvement in pain
symptoms, and 43% had no functional improvement. It is
important to recognize that invasive treatments for CRPS
are associated with a risk of complications. Therefore,
it is essential to carefully evaluate potential risks and
benefits associated with these treatments. In general,
the treatment outcomes in pediatric patients with CRPS are
more favorable compared to adults. Many of them recover
within a few months. A multidisciplinary approach has
been demonstrated to be an effective method for achieving
remission in most children; however, it should be noted that
relapses are a relatively common occurrence. In their study,
Sherry et al. [52] reported that 31% of patients experienced
recurrent symptoms, which resolved after resuming
the therapy. In a retrospective study of 32 pediatric patients
with CRPS, 89% of them ultimately exhibited complete
resolution of their symptoms. Relapses were documented
in 7 children, but 6 of them also demonstrated the absence
of further symptoms [53].

The case of a 12-year-old male patient with clinical CRPS,
as reported by Japanese researchers, is noteworthy in terms
of its potential implications for the early treatment of this
medical condition [54]. The patient was referred to the clinic
2 days after a twist foot injury with a diagnosis of ankle
sprain. Two days after the initial assessments, he reported
an increase in pain extended to the entire foot. Additionally,
the patient was unable to bear weight on the affected limb,
experienced allodynia and hyperpathia. Oral paracetamol
proved to be ineffective. At 5 days, the VAS score increased to
10 points, and CRPS was diagnosed. The treatment included
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celecoxib, pregabalin, and physical exercises to gradually

increase tolerance to physical activity and movements that

had induced pain at the onset of the disease (desensitization).

On Day 11, the movement VAS pain score decreased to

5 points, and on Day 22, the patient reported a 2-point pain.

Allodynia and edema completely resolved. Celecoxib and

pregabalin were discontinued. On Day 35, the patients had

no pain, and no relapses were documented at the 2-year
follow-up.

Ankle sprains are certainly the most prevalent injury
among physically active children and adolescents. One
could reasonably hypothesize that the frequency would
be comparable on the right and left sides. Interestingly,
reported cases of CRPS in children following foot and ankle
injuries were significantly more prevalent on the left side.
The authors of the above-mentioned study suggested that
the right hemisphere of the brain may be more susceptible
to dysfunction such as CRPS.

The lack of comparative studies on the efficacy
of treatment modalities and on the objective assessment
of the treatment outcomes precludes the establishment of
a standard treatment protocol for CRPS. Early diagnosis is
of equal importance to the subsequent treatment. However,
a longer course of the disease and its severe consequences
are associated with late diagnosis [35].

Orthopedic surgeons are responsible for identifying
the disease and determining the most appropriate treatment,
which may vary depending on their experience and the avail-
ability of resources [55]. Unfortunately, there are no specific
diagnostic scales developed for children and adolescents,
so the criteria proposed for adults are used in this popula-
tion [3].

Rastogi et al. identified several essential factors necessary
for understanding chronic pain in children and prescribing
appropriate treatment.

+ All pain, whether acute or chronic, can be understood as
a biopsychosocial phenomenon, with implications for both
symptoms and treatment.

+ Early use of a biopsychosocial approach is recommended
to improve treatment adherence and clinical outcomes.

« The clinical course of complex pain syndromes may differ
between pediatric and adult patients. Additionally, there
are childhood-specific pain syndromes.

+ An optimal multidisciplinary approach is based on the
“three Ps" principle (pharmacological, physical, and psy-
chological).

« There are no evidence-based guidelines for the treatment
of complex pain in children. Medical professionals fre-
quently have to rely on the adult studies, expert opinion,
or clinical experience.

The authors highlight the challenges associated with
treating complex pain, citing its potential to negatively
impact on physical functioning, quality of life, mood, sleep,
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family relationships, school attendance, and socialization.
The problem for all parties involved (a child, parents, a medical
professional) is the somewhat paradoxical yet crucial concept
that functional improvement must precede a reduction in pain
severity. This usually requires a multidisciplinary approach
based on the “three Ps” principle (pharmacological, physical,
and psychological), which focuses on both peripheral and
central pain mechanisms [56].

What degree of vigilance should a medical professional
maintain when treating a patient who experience an acute
pain? What measures should be taken (or not taken)
to prevent acute pain from escalating into chronic? It is
evident that there is no definitive answer to these questions.
Fortunately, an orthopedic surgeon typically faces clinical
situations in which the source is readily apparent (trauma,
deformity, etc.).

To what extent should one examine the specific
details and circumstances that are not directly related to
the emotional, social, psychological background in cases
where the underlying cause of pain appears evident?
It is crucial to bear this in mind and, where applicable, to
avoid situations that contribute to the chronicity of pain,
in particular, those associated with suboptimal pain relief.
Oligoanalgesia is an emergency condition, in which patients
are unable to communicate their pain sensations with
sufficient clarity. However, in routine orthopedic practice,
there are situations where pain relief is absent or inadequate,
driven by the expectation of a brief, low-intensity injury or
procedure [57]. Where is the borderline between concerns
about potential adverse effects of pain relief itself (drug
toxicity, allergy or individual intolerance, and the desire of
both the medical professionals and patients to “do without
pharmaceuticals”)? In each specific case, it is essential to
conduct a thorough examination of the initial circumstances
and to take appropriate actions, while also considering
the potential consequences. Meanwhile, the growing
emphasis on painless treatment has been evident over
recent decades. The extensive use of analgesics, particularly
those available without a prescription, also has a detrimental
impact. The “opioid crisis” defined as the misuse of potent
addictive analgesics has been primarily prevalent in the United
States in recent decades and has not yet been overcome.
The phenomenon of athletes, medical professionals, and
military personnel becoming addicted to painkillers as
a result of has become a significant aspect of popular culture,
thereby illustrating the relevance of this problem. A careful,
thoughtful choice of pain management strategy for acute
trauma should be based on two fundamental principles: first,
a child should not experience pain when it can be relieved,
and second, the use of analgesics should be strictly justified
and the dosage should be carefully monitored.

The World Health Organization recommends two
pharmaceutical agents for pain management in children aged
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3 months and above: ibuprofen and paracetamol. This choice
was based on an analysis of international data on the efficacy
and safety in pediatric practice [58]. The combination of these
agents offers certain advantages over monotherapy. Chang
et al. demonstrated that the efficacy of a combination of
paracetamol and ibuprofen in patients with acute pain was
comparable to that of opioids and paracetamol [59]. Further
research is required to elucidate the optimal treatment for
chronic pain. However, the clinical examples presented herein
illustrate the potential efficacy of this combination.

CONCLUSION

Pediatric CRPS is not a rare occurrence, rather it is
frequently misdiagnosed. Currently, a substantial number
of publications are focused on case reports and summarize
knowledge on this problem. Adolescents between the ages
of 11 and 14 are particularly vulnerable to the disease,
with a higher prevalence among girls compared to boys.
Some children are at higher risk of developing CRPS,
including high achievers, leaders, and those successful
in studies, hobbies, or sports. A conflict or psychological
trauma typically serves as a trigger. A special emotional
involvement of the child and parents in the situation is
also evident, as indicated by providing a detailed history
of the disease and its treatment (using the same terms,
descriptive characteristics repeated by the parents), and
peculiar emotional coloring of experiences (both children
and parents seem to “cherish” the disease). It would be
advisable for the medical professional to find an opportunity
to discuss the situation with the parents and the child
separately to gain a more comprehensive understanding of
the potential psychological background.

A dissociation of the severity of symptoms and unassisted
movements may be observed during examination, while local
symptoms may be insignificant. The medical professional
must be aware that the symptoms and disease may worsen
following manipulations and procedures. This emphasizes
the importance of a thorough examination and testing. It is
crucial to avoid unnecessary immobilization, while invasive
diagnostic and therapeutic manipulations (ENMG, nerve
blocks, electrical stimulation procedures that can cause
painful or unpleasant sensations) should be used with
extreme caution. Classic symptoms of disproportionate
burning pain (causalgia) and trophic changes should raise
the suspicion of CRPS. This approach is the most effective
method for preventing the onset of chronic pain conditions,
which can result in serious functional limitations, depression,
and long-term medical treatment.

Currently, standard treatment protocols for CRPS
and APS in pediatric patients have yet to be developed,
particularly given the lack of monotherapy for these medical
conditions. In the current setting, the medical professional
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has to choose from the available range of combinations
of physical, psychological, pharmaceutical, and invasive
methods. Meanwhile, the use of analgesics must adhere
to the established standards and practices of pediatric
pain management. The current evidence suggests that
an integrated multidisciplinary approach to treatment is
the most appropriate. However, further experience and
knowledge are required to improve the outcomes.
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