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ABSTRACT

Obijective: To describe the clinical, tumoral, therapeutic char-
acteristics and outcomes of patients with Ewing sarcoma of the
calcaneus treated at referral centers for orthopedic oncology.
Methods: This was a retrospective observational, descriptive
study based on the review of medical records of patients with
histopathologically confirmed Ewing sarcoma of the calcaneus,
treated between 1996 and 2023 at two quaternary hospitals.
Demographic data, tumor characteristics, treatments performed,
follow-up duration, and clinical outcomes were analyzed. Results:
Six patients were included, with ages at diagnosis ranging from 9
to 33 years, showing a slight male predominance (4/6). All cases
involved the calcaneus, with extension to adjacent foot bones in
two patients. Pulmonary metastasis was identified in two cases,
one at diagnosis and the other as a late, stable finding. All patients
underwent multimodal treatment, including systemic chemotherapy
combined with surgery and/or radiotherapy. Transtibial amputation
was required in two patients. Follow-up ranged from less than
1 year to approximately 14 years. At the last follow-up, all six
patients were alive; two were disease-free, one was alive and off
treatment, one was alive following transtibial amputation, and
two remained under treatment or clinical follow-up. Conclusion:
Ewing sarcoma of the calcaneus is a rare presentation associated
with diagnostic and therapeutic challenges. In this case series,
multimodal treatment in specialized centers allowed adequate local
disease control and outcomes consistent with those reported in the
literature, highlighting the importance of individualized local control
strategies. Level of Evidence IV; Case series - retrospective
observational study.

Keywords: Ewing Sarcoma; Calcaneus; Bone Neoplasms; Ortho-
paedics; Medical Oncology.

RESUMO

Objetivo: Descrever as caracteristicas clinicas, tumorais, terapéuticas
e os desfechos de pacientes com sarcoma de Ewing do calcéneo
tratados em centros de referéncia em oncologia ortopédica. Métodos:
Este foi um estudo observacional, descritivo e retrospectivo, baseado
na reviséo de prontuarios de pacientes com sarcoma de Ewing do
calcaneo confirmado histopatologicamente, tratados entre 1996 e 2023
em dois hospitais quaternarios. Foram analisados dados demograficos,
caracteristicas tumorais, tratamentos realizados, tempo de seguimento
e desfechos clinicos. Resultados: Foram incluidos seis pacientes,
com idades ao diagndstico variando de 9 a 33 anos, com discreto
predominio do sexo masculino (4/6). Todos os casos acometeram
0 calcaneo, com extensdo para 0ssos adjacentes do pé em dois
pacientes. Metastase pulmonar foi identificada em dois casos, uma ao
diagnéstico e outra como achado tardio e estavel. Todos os pacientes
foram submetidos a tratamento multimodal, incluindo quimioterapia
sistémica combinada com cirurgia e/ou radioterapia. Amputagdo
transtibial foi necessaria em dois pacientes. O seguimento variou de
menos de 1ano a aproximadamente 14 anos. No dltimo seguimento,
todos os seils pacientes estavam vivos; dois estavam livres de doenca,
um estava vivo e fora de tratamento, um estava vivo apds amputagado
transtibial, e dois permaneciam em tratamento ou seguimento clinico.
Concluséo: O sarcoma de Ewing do calcaneo é uma apresentagédo
rara assoclada a desafios diagndsticos e terapéuticos. Nesta série de
casos, o tratamento multimodal em centros especializados permitiu
controle local adequado da doenga e desfechos compativeis com
os relatados na literatura, destacando a importancia de estratégias
individualizadas de controle local. Nivel de evidéncia IV; Série de
casos - estudo observacional retrospectivo.

Descritores: Sarcoma de Ewing; Calcdneo; Neoplasias Osseas;
Ortopedia; Oncologia Médica.
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INTRODUCTION

Malignant tumors of the foot pose a significant diagnostic challenge,
as their initial manifestations are often nonspecific and may be
mistaken for benign or infectious conditions. In this context, Ewing
sarcoma of the calcaneus represents a particularly rare presentation,
whose clinical and radiological similarities to conditions such as
osteomyelitis, bone cysts, and benign tumors may hinder early
recognition, as widely reported in the literature.-

Ewing sarcoma is the second most common malignant bone tumor
in children and adolescents and is histologically characterized
by small round cells and, in most cases, by the presence of the
EWSR1-FLI1 gene fusion.* Although it predominantly affects long
bones, only 3% to 6% of cases involve the bones of the foot, with
the calcaneus being one of the least frequently affected sites.>”
The rarity of this location contributes to additional challenges in
the interpretation of clinical and imaging findings, which are often
described as atypical or poorly specific, potentially influencing the
diagnostic and therapeutic course."?38

Despite advances in the multimodal treatment of Ewing sarcoma
over recent decades, reflected in improved overall survival rates
observed in population-based studies such as those derived from
the Surveillance, Epidemiology, and End Results (SEER) database
of the National Cancer Institute,® these benefits are not uniformly
distributed across different anatomical locations. Rare tumors of the
foot, particularly those of the calcaneus, pose specific challenges
to local disease control, especially due to the difficulty in achieving
wide surgical margins. Historically, amputation has frequently
been employed as an oncological control strategy; however, more
conservative approaches, including partial or total calcanectomy,
with or without reconstruction, have demonstrated promising results
in selected cases. 101

Given the rarity of this presentation and the scarcity of national case
series, a systematic description of the clinical, tumoral, therapeutic
characteristics and outcomes associated with Ewing sarcoma of the
calcaneus is warranted. Therefore, the objective of this study is to
describe a case series treated at quaternary referral centers, contex-
tualizing the observed findings considering the specialized literature.

PATIENTS AND METHODS

Study Design

This was a retrospective observational, descriptive study that ana-
lyzed patients with histopathologically confirmed Ewing sarcoma of
the calcaneus, treated between 1996 and 2023 at two quaternary
referral hospitals specializing in orthopaedic oncology.

Ethics Committee

The study was approved by the Research Ethics Committee of the
Federal University of S&o Paulo (CEP/UNIFESP) under approval number
7,869,939 (CAAE 86294224.6.0000.5505), in accordance with Bra-
zilian National Health Council Resolution No. 510/2016 and Law No.
14,874/2024. As this was a retrospective study based on secondary
data, the requirement for written informed consent was waived.

Inclusion and Exclusion Criteria

All patients with histopathologically confirmed Ewing sarcoma local-
ized to the calcaneus were included, regardless of the presence of
local extension or metastatic disease. Patients with Ewing sarcoma
involving other locations of the foot or the axial or appendicular
skeleton, as well as those without diagnostic confirmation or without
minimum clinical identification data, were excluded.

Data Collection

Data were collected through a review of physical and electron-
ic medical records, previously anonymized by the participating

Acta Ortop Bras.2026;34(Spe.2):e303941

institutions. The variables analyzed included demographic data
(sex and age at diagnosis); tumor characteristics, such as laterality,
extension to adjacent foot bones, and presence of metastatic
disease at diagnosis or during follow-up; treatments performed,
including chemotherapy, surgical procedures, and radiotherapy;
clinical course, follow-up duration, and outcome at the last follow-up.
Missing or undocumented information in the medical records was
categorized as “not reported.”

Statistical Analysis

Given the small number of cases, data were analyzed using de-
scriptive statistics. Continuous variables were presented as medians
with minimum and maximum values, while categorical variables
were described as absolute frequencies. No inferential statistical
tests were performed.

RESULTS

Six patients with a diagnosis of Ewing sarcoma of the calcaneus
were identified, and their initial clinical characteristics are sum-
marized in Table 1. Age at diagnosis ranged from 9 to 33 years,
encompassing childhood, adolescence, and adulthood. A slight
male predominance was observed (4/6 patients). Due to incomplete
age recording in one case, a precise overall median age could not
be reliably calculated.

Regarding tumor characteristics (Table 2), all cases involved the
calcaneus, and two patients presented extension to adjacent foot
bones, including the talus, cuboid, navicular, and metatarsals.
Pulmonary metastasis at diagnosis was identified in one patient,
while another developed late pulmonary metastasis, which remained
stable during the follow-up period.

The treatment approach was multimodal in all cases, as detailed in
Table 3, involving systemic chemotherapy combined with surgical

Table 1. Initial clinical characteristics of patients with Ewing sarcoma
of the calcaneus.

Age at diagnosis Metastasis at
Case Sex (years) diagnosis

1 F 9 No

2 M 12 Yes, pulmonary.
3 F 33 No

4 M Adolescence* Not reported
5 F 26 No

6 M 9 No

Legend: Distribution of patients according to age at diagnosis, sex, and presence of metastasis

at the time of diagnosis. *In Case 4, age was recorded only as “adolescence.”

Table 2. Anatomical characteristics and tumor extent.

Case | Side Topqgr_a phy / extent Metastatic disease
within the foot
1 Right Calcaneus Late local recurrence (no
metastasis reported)
2 Left Calcaneus Initial pulmonary metastasis
3 Left Calcaneus + cuboid No
+ metatarsals
4 Left Calcaneus Not reported
5 Not Calcap Bus + t.a lus + No documented metastases
reported cuboid + navicular
6 Right Calcaneus Late stable pulmonary
metastasis

Legend: Location of Ewing sarcoma in the calcaneus, laterality, involvement of adjacent foot
bones, and presence of metastatic disease at diagnosis or during follow-up.
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resection and/or radiotherapy, according to the extent of the disease.
Transtibial amputation was required in two patients, primarily due
to local recurrence and oncological considerations. The remaining
patients were managed with limb-salvage procedures or systemic
therapy, depending on disease extent and response to treatment.
Follow-up duration ranged from less than 1 year to approximately
14 years (Table 3). At the last follow-up, all six patients were alive.
Two patients were disease-free, one was alive and off treatment,
one was alive following transtibial amputation, and two patients
remained under treatment or clinical follow-up. No disease-related
deaths were recorded in this series.

Table 3. Treatment, follow-up, and clinical outcomes.

Case Treatment Follow-up Clinical course Outcome
(summary) (years)
CT + RT; transtibial - N
) Initial response; | Alive, disease-
1 amputation due 8
late recurrence free
to recurrence
Systemic CT Local and
2 <1 pulmonary tumor | Under follow-up
(VDC/IE) .
reduction
3 Surgical 2 NSO L?:iigr Alive, disease-
resections + CT y free
recurrence
CT + RT; transtibial Late recurrence Alive, post-
4 . ~14 . .
amputation treated surgically amputation
Systemic CT Locally extensive
5 (ICE-VAC) <1 disease Under treatment
6 Calcaneal resection 10 S:ZEQ:L?T;W Alive, off
+CT+RT ' treatment
local recurrence

Legend: Therapeutic modalities employed, follow-up duration, clinical course, and patient status
at the last follow-up. CT: chemotherapy; RT: radiotherapy; VDC/IE: vincristine, doxorubicin, and
cyclophosphamide alternating with ifosfamide and etoposide; TT: transtibial; ICE-VAC: ifosfamide,
carboplatin, and etoposide alternating with vincristine, actinomycin, and cyclophosphamide.

DISCUSSION

Ewing sarcoma of the calcaneus is an extremely rare entity, fre-
quently associated with diagnostic difficulties, due both to its low
prevalence and to the nonspecific clinical presentation described
in the literature. In the present series, the occurrence of metastatic
disease in two of the six cases and the need for transtibial ampu-
tation in two patients reflect this therapeutic complexity.’
Epidemiological studies indicate that only 3% to 6% of Ewing sar-
comas involve the bones of the hands and feet, with the calcaneus
being one of the most rarely affected sites.>” This anatomical rarity
adds further challenges to the interpretation of imaging findings, as
classical radiological patterns may be absent or atypical. Recent
reviews report that initial radiographs may be normal or show
lesions with a benign appearance, while magnetic resonance
imaging may reveal cystic features or diffuse bone marrow edema,
making differentiation from inflammatory or infectious processes
difficult.2® In such situations, adequate biopsy, combined with
immunohistochemical analysis, remains essential for establishing
a definitive diagnosis, particularly given the risk of inconclusive
results from superficial samples.®

Regarding treatment, multimodal management, combining systemic
chemotherapy with local control strategies through surgery and/or
radiotherapy, remains the cornerstone of Ewing sarcoma therapy.
Although therapeutic advances have improved overall survival
over recent decades, population-based data suggest that these
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benefits are not uniformly distributed across anatomical sites.® In
large institutional series, prognostic factors such as metastatic
status at diagnosis, tumor volume, and response to chemotherapy
have been shown to significantly influence survival outcomes in
patients with Ewing sarcoma, reinforcing the prognostic relevance
of disease extent at presentation.'? Distal tumors, such as those
of the calcaneus, tend to be diagnosed at more advanced stages
and may present greater challenges in achieving effective local
control, potentially negatively affecting oncological outcomes."?
In the present series, the occurrence of metastatic disease in two
patients and the need for transtibial amputation in another two
reflect this therapeutic complexity. Notably, no disease-related
deaths were observed in this series, although follow-up duration
varied among patients.

Historically, transtibial amputation has been widely employed as
a local control strategy for hindfoot tumors, due to the difficulty in
achieving adequate surgical margins.>® However, recent advanc-
es have expanded the possibilities for limb-salvage procedures
in selected cases. Studies have reported satisfactory functional
outcomes following partial or total calcanectomy, particularly when
there is a good response to neoadjuvant chemotherapy and no
extensive soft-tissue involvement.'® Other reconstructive strategies,
including calcaneal allografts in young patients, have also been
described with promising long-term outcomes."" The heterogeneity
of approaches observed in this series underscores the need for
individualized decision-making, considering tumor extent and
oncological safety.

This study should be interpreted considering its limitations, inherent
to the retrospective design and the small number of cases, an
expected feature given the extreme rarity of Ewing sarcoma of
the calcaneus. Variability in therapeutic strategies and follow-up
duration limits direct comparisons between patients and precludes
inferential analyses. Nevertheless, the data presented contribute to
the limited national evidence base, reinforcing the importance of
maintaining a high index of clinical suspicion for persistent hindfoot
lesions and of managing such cases in specialized centers with
integrated multidisciplinary care.

Future perspectives include the development of multicenter
registries and interinstitutional collaborations capable of increas-
ing the number of analyzed cases, standardizing therapeutic
strategies, and deepening the understanding of prognosis,
postoperative function, and limb-salvage possibilities in Ewing
sarcoma of the calcaneus.

CONCLUSION

Ewing sarcoma of the calcaneus is a rare condition with a fre-
quently nonspecific clinical presentation, which contributes to
the diagnostic challenges described in the literature. In this case
series, the adoption of an appropriate diagnostic workup, including
advanced imaging and histological confirmation, combined with
multimodal treatment in specialized centers, allowed effective
local disease control and clinical outcomes consistent with those
previously reported.

Local control strategies should be individualized, considering tumor
extent, response to chemotherapy, and oncological safety, with the
possibility of either limb salvage or amputation, depending on the
characteristics of each case.

Despite the limitations inherent to the retrospective design and the
small sample size, the findings contribute to the scarce national
evidence base and reinforce the importance of maintaining a high
index of diagnostic suspicion for persistent hindfoot lesions, as
well as the role of specialized multidisciplinary management in this
uncommon presentation of Ewing sarcoma.
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ABSTRACT RESUMO

Periarticular hip pain is a common complaint in clinical practice. A dor periarticular do quadril € uma queixa comum na pratica clinica.
Among the underdiagnosed neuropathic etiologies, iliohypogastric  Entre as etiologias neuropaticas subdiagnosticadas, a neuralgia do
nerve neuralgia—particularly of the lateral cutaneous branch—has  nervo ilio-hipogastrico, especialmente do ramo cuténeo lateral, tem
emerged as arelevant source of persistent pain, especially when  se destacado como uma fonte relevante de dor persistente. Este
conventional treatments fail. This case series study evaluated  estudo de série de casos avaliou o desfecho clinico de blogueios do
the clinical outcomes of ultrasound-guided iliohypogastric nerve  nervo ilio-hipogastrico guiados por ultrassom em 11 pacientes com
blocks in 11 patients with refractory periarticular hip pain. All  dor periarticular do quadiil refrataria. Eles foram submetidos a exame
patients underwent physical examination, exclusion of inguinal  fisico, exclusao de hérnias inguinais por ultrassonografia e tiveram um
hernias via ultrasound, and a minimum follow-up of six months.  acompanhamento minimo de seis meses. A técnica de bloqueio con-
The nerve block was performed through ultrasound-guided ana-  sistiu na identificagédo anatémica guiada por ultrassonografia, seguida
tomical localization of the nerve, followed by precise injection of  de aplicagdo precisa do anestésico no ponto-alvo. A intensidade da
a local anesthetic at the target site. Pain intensity was assessed  dor foi avaliada por meio da Escala Numérica de Dor (END), com os
using the Numerical Rating Scale (NRS), with outcomes classified  desfechos classificados como excelente (redugéo =70%), significativo
as excellent (=70% reduction), significant (50-69%), or partial  (50-69%) ou parcial (<50%). O procedimento demonstrou alta eficacia,
(<50%). The procedure demonstrated high efficacy, with excellent  com desfechos excelentes em 100% dos pacientes com dor inguinal
outcomes in 100% of patients presenting isolated inguinal painand  jsolada e uma taxa de sucesso global superior a 80%. Os achados
aglobal success rate above 80%. The findings support the use of  sustentam o uso do bloqueio do nervo ilio-hipogastrico guiado por
ultrasound-guided iliohypogastric nerve block as a safe, low-cost,  ultrassom como uma opgéo diagndstica e terapéutica segura, de baixo
and effective diagnostic and therapeutic option for neuropathic  custo e eficaz para dor periarticular do quadril de origem neuropatica,
periarticular hip pain, with potential for broader application in  com potencial de aplicagdo mais ampla no contexto da satide publica.
public health settings. Level of evidence IV, case series. Nivel de evidéncia IV, série de casos.

Keywords: Neuralgia; Musculoskeletal Pain; Nerve Block; Ultra-  Descritores: Neuralgia; Dor Musculoesquelética, Bloqueio Nervoso;
sonography, Interventional; Pain Management. Ultrassonografia de Intervengéo; Manejo da Dor.

Citation: Oishi KK, Silva EB, Salles LR, Amaral VF, Pagnano RG, Cintra FF. Ultrasound-guided iliohypogastric nerve block for diagnosis and treatment
of hip pain. Acta Ortop Bras. [online]. 2026;34(Spe.2): Page 1 of 4. Available from URL: http://www.scielo.br/aob.

INTRODUCTION hernia. However, a significant number of patients do not respond
Periarticular hip pain is a prevalent condition in clinical practice,  satisfactorily to conservative treatments, suggesting the presence of
often attributed to tendinous, bursal, or neuropathic disorders. This  underlying differential diagnoses that require further investigation '2.
pain typically manifests in three specific regions: lateral pain is  Among potential neuropathic etiologies, iliohypogastric nerve
frequently associated with trochanteric bursitis or abductor muscle  neuralgia—particularly of its lateral cutaneous branch—stands
tendinopathy; posterior pain is commonly related to sacroiliitis;  out. Originating from the ventral rami of L1 and partially T12, this
and anterior pain may result from psoas tendinopathy or inguinal  nerve follows an anatomical path that makes it susceptible to
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compression or injury, potentially leading to pain symptoms in the
lateral, posterior and anterior hip regions (Figure 1)?3,
Techniques such as ultrasound-guided iliohypogastric nerve block
have shown efficacy in managing these cases. In addition to provid-
ing pain relief, this procedure allows confirmation of neuropathic
involvement, given the lack of effective diagnostic methods via imag-
ing or electromyography. It assists in differentiating other causes of
periarticular pain. Recent studies highlight the high accuracy and
safety of this technique in clinical settings"*®. Ultrasound guidance
for nerve localization and anesthetic block is widely validated, with
reports of significant pain score improvements and low incidence
of adverse effects. These findings underscore the technique’s
potential as a versatile diagnostic and therapeutic tool in physical
rehabilitation and pain management contexts®“.

In this context, by enabling more accurate diagnosis and targeted
intervention, ultrasound-guided iliohypogastric nerve block may
contribute to improved clinical outcomes and patients’ quality of life.

gastric nerve neuralgia.

METHODOLOGY

This study included patients with persistent periarticular hip pain
who did not experience satisfactory relief from prior conservative
treatments, including physical therapy and analgesic medication.
All had inguinal ultrasound with no evidence of inguinal hernias
and were followed for at least six months after treatment. Exclu-
sion criteria included patients with previous abdominal surgery,
due to the risk of intraoperative injury to the iliohypogastric nerve,
and those diagnosed with meralgia paresthetica confirmed by
electromyography.

The iliohypogastric nerve block technique was performed using
a convex transducer set at 7.5 MHz to identify the L1 vertebra and
12th rib, with the probe held at a 15-degree caudal inclination, as
shown in Figure 2. The needle was inserted lateral to the probe,
110 2 cm lateral to the transverse process of the L1 vertebra. The
injection site and anatomical landmarks are shown in Figure 3.
The blocks were performed using a standardized injectate com-
posed of 2 mL of dexamethasone 0.4% (4 mg/mL), 2 mL of 0.5%
bupivacaine with vasoconstrictor, and 6 mL of normal saline, totaling
10 mL per procedure.

Pain intensity was assessed using the verbally reported Numerical
Rating Scale (NRS). Due to the consistently severe and treatment-
refractory nature of symptoms at baseline, a standardized score of
10 was adopted for all patients to ensure uniformity in calculating
percentage pain reduction. Follow-up NRS scores were obtained
three months after the last nerve block. Pain improvement was
calculated using the formula:

Pain Reduction = (Initial NRS — Final NRS) / Initial NRS x 100

Acta Ortop Bras.2026;34(Spe.2):e300733

Figure 2. Probe positioning for iliohypogastric nerve block, with the
probe held at a 15-degree caudal inclination at the L1 level.

Figure 3. Ultrasound image illustrating key anatomical landmarks for
the iliohypogastric nerve block. The L1 vertebra is identified (A), with
visualization of both the spinous and transverse processes highlighted
by the blue trace. The 12thrrib is labeled as (B), serving as an additional
reference point. The needle entry site for local anesthetic injection is
marked as (C), positioned lateral to the transverse process of L1.

Patients with =70% reduction were classified as having “excellent
improvement,” those with 50-69% reduction as “significant improve-
ment,” and <50% as “partialimprovement.” These cut-off points align
with international standards for evaluating pain management interven-
tions, such as those proposed by the International Association for the
Study of Pain (IASP), and evidence from relevant clinical studies®”.

This study was conducted in accordance with the ethical standards
of the institutional research committee and was approved by the Eth-
ics Committee, under registration number 86768325.0.0000.5404.

RESULTS

Eleven patients aged 42 to 70 years (mean: 56.3 years) were in-
cluded, with 7 females (63.6%) and 4 males (36.4%), all presenting
with clinically diagnosed periarticular hip pain refractory to conven-
tional therapy. Right-side pain predominated (72.7%). Analysis of
pain patterns showed that 4 patients (36.4%) had isolated inguinal
pain, while 7 (63.6%) had mixed pain with associated trochanteric
and/or cluneal components (Table 1).

Imaging exams showed variable findings in 5 cases (45.5%).
Musculoskeletal ultrasound identified gluteal tendinopathy in two
patients and trochanteric bursitis in another two. One patient had
radiographic signs of mild coxarthrosis. Other imaging findings
were unremarkable.

The therapeutic protocol included one or two ultrasound-guided
anesthetic blocks based on the initial clinical response. In cases
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of insufficient improvement, additional procedures were indicated
based on complementary clinical and anatomical assessment. Three
patients with persistent cluneal pain received lumbar facet blocks
(L1-L3). Two patients with refractory inguinal pain underwent hy-
drodissection of the external oblique fascia. One patient underwent
Alcock canal block for persistent pubic pain. Another patient with
trochanteric pain, who did not respond to initial blocks, received
a steroid injection in the trochanteric bursa. Lastly, one patient
experienced initial significant improvement, but symptoms recurred
within 48 hours, suggesting a multifactorial or mechanical etiology.
Adjuvant pharmacotherapy included pregabalin in 60% of cases and
gabapentin in 40%, based on clinical profile and drug tolerability.
Therapeutic response was evaluated based on NRS score reduction
three months after the procedure. Patients with isolated inguinal
pain had an excellent response rate (=70% reduction) in 100% of
cases. In contrast, those with trochanteric or cluneal-associated pain
showed more heterogeneous outcomes, including isolated cases
of partial response (<50% reduction). Detailed clinical response
data are presented in Table 2.

Table 1. Demographic and clinical characteristics of patients (n = 11).

Variable Total (n=11)
Sex
Female 7 (63.6%)
Male 4 (36.4%)
Mean age (range) 56 years (42-70)
Affected side
Right 8 (72.7%)
Left 3(27.3%)
Reported pain pattern
Isolated inguinal pain 4 (36.4%)
Trochanteric-associated pain 5 (45.5%)
Cluneal-associated pain 3(27.3%)
Imaging abnormalities 5 cases (45.5%)
Gluteal tendinopathy 2
Trochanteric bursitis
Mild coxarthrosis 1

Table 2. Pain improvement at 3-month follow-up, categorized by pain type.

. 270% 50-69% <50%
Pain Type . . .
improvement improvement improvement
Trochanteric pain 3 6 1
Inguinal pain 9 2 1
Cluneal pain 9 1 1
DISCUSSION

Ultrasound-guided iliohypogastric nerve block proved highly ef-
fective in managing periarticular hip pain in patients unresponsive
to conventional therapy. Most patients experienced significant or
excellent pain relief after one or two procedures, with a success rate

CONTRIBUTIONS OF THE AUTHORS

over 80%, reinforcing the technique’s diagnostic and therapeutic
value in neuropathic etiologies.

The methodological choice of standardizing initial pain as NRS
10 was consistent with the sample profile, patients with intense
and persistent pain, and enabled more objective comparison of
therapeutic outcomes. The Numerical Rating Scale (NRS) is a widely
accepted and validated tool for quantifying subjective pain intensity
in clinical and research settings. It offers a simple, reproducible,
and reliable method, allowing patients to express their pain on a
scale from 0 (no pain) to 10 (worst imaginable pain). lts ease of
application and strong correlation with functional outcomes make
it particularly useful in monitoring responses to interventional pain
management strategies. 8.

The accuracy of ultrasound-guided lateral cutaneous branch block of
the iliohypogastric nerve is well established in the literature. Pruidze
et al. reported 91.7% accuracy in a cadaveric study validated by
anatomical dissection'®. Ultrasound guidance, now a gold standard
for nerve localization in anesthesia and peripheral blocks, increases
the likelihood of success while reducing the required volume of
local anesthetic 1°.

In addition to therapeutic efficacy, the iliohypogastric nerve block
also stands out as a valuable diagnostic method. Immediate pain
relief following local anesthetic injection confirms neurogenic
pain origin—an important differential in cases where imaging and
electromyography are inconclusive ', This diagnostic capacity is
crucial for guiding targeted treatment and avoiding unnecessary
therapies for alternative etiologies. The complexity of diagnosing
chronic hip pain, often radiating to the spine or knee and potentially
arising from non-orthopedic causes, underscores the need for
precise diagnostic approaches *. Practically, this is a minimally
invasive, low-risk, low-cost procedure, estimated at less than R$40
in supplies. This affordability makes the block applicable even in
resource-constrained settings like the Brazilian public health system.
The findings of this study provide additional evidence supporting
the use of ultrasound-guided iliohypogastric nerve block as a
safe, effective, and accessible diagnostic and therapeutic tool
for neuropathic periarticular hip pain. Although the sample size is
limited, results align with existing literature and highlight ultrasound’s
role as a precise and safe guide for this intervention. Identifying
varying response patterns, such as higher success rates in patients
with isolated inguinal pain, suggests future research is warranted to
better stratify patients and refine indications—potentially exploring
anatomical variations of the nerve'.

CONCLUSION

Ultrasound-guided iliohypogastric nerve block has proven to be an
effective and safe technique for managing periarticular hip pain,
especially in patients unresponsive to conventional therapies. The
results of this study suggest a relevant clinical benefit, reinforcing
this approach’s role in both diagnosing and treating neuropathic
and musculoskeletal pain. This procedure represents a valuable
and accessible option that may significantly contribute to improved
clinical outcomes and patient quality of life.

Each author made a personal and significant contribution to the development of this article. OKO: Literature review and preparation of figures
and tables. SEB: Literature review, manuscript drafting, and methodological designa. SLR: Literature review, manuscript drafting, and critical
revision of the manuscript. AVF: Methodology, statistical analysis, and interpretation of the results. PRG: Methodology and critical revision of the
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ABSTRACT

Obijective: This study aims to evaluate the sizing and positioning
of femoral and tibial components in Primary Total Knee Arthro-
plasty (TKA) procedures conducted at the Instituto Ortopédico
de Goiania (I0G), Goiania, Goias Brazil. Methodology: Elderly
patients undergoing primary TKA with the use of SCORE®
prostheses and the Amplivision Navigation System were included
in the study. The size and positioning of the femoral and tibial
components were analyzed. Data collection was performed using
the Amplivision system and statistical analysis was conducted
using Minitab21 software. The study was approved by the Ethics
Committee and is in accordance with the Brazilian General
Data Protection Law (LGPD). Results: All patients received the
SCORE® prosthesis, with a higher prevalence of procedures
on the right knee (60%). No statistically significant differences
were observed in the positioning of femoral and tibial compo-
nents. Conclusion: Surgical navigation proved to be effective in
optimizing the sizing and positioning of implants, contributing
to the technical quality of the procedure and the durability of
prosthetic components. Level of Evidence: Ill, Cross-Sectional
Observational Study.

Keywords: Arthroplasty, Replacement, Knee; Aged; Surgery,
Computer-Assisted; Knee Prosthesis.

RESUMO

Objetivo: Este estudo tem como objetivo avaliar o dimensiona-
mento e o posicionamento dos componentes femoral e tibial em
procedimentos de Artroplastia Total Primaria de Joelho (ATJ) rea-
lizados no Instituto Ortopédico de Goidnia (I0G), Goiénia, Goias,
Brasil. Metodologia: Foram incluidos no estudo pacientes idosos
submetidos a ATJ priméaria com uso de préteses SCORE® e do
Sistema de Navegagao Amplivision. Foram analisados o tamanho
e o0 posicionamento dos componentes femoral e tibial. A coleta
de dados foi realizada por meio do sistema Amplivision e a analise
estatistica foi conduzida utilizando o software Minitab21. O estudo
foi aprovado pelo Comité de Etica e esta em conformidade com
a Lei Geral de Protecao de Dados (LGPD). Resultados: Todos 0s
pacientes receberam a protese SCORE®, com maior prevaléncia
de procedimentos no joelho direito (60%). Nao foram observadas
diferencas estatisticamente significativas no posicionamento dos
componentes femoral e tibial. Concluséo: A navegac&o cirirgica
mostrou-se eficaz na otimizag&o do dimensionamento e posicio-
namento dos implantes, contribuindo para a qualidade técnica do
procedimento e para a durabilidade dos componentes protéticos.
Nivel de Evidéncia: Ill, Estudo Observacional Transversal.

Descritores: Artroplastia do Joelho, Idoso;, Cirurgia Assistida por
Computador; Prétese do Joelho.

Citation: Silva MVA, Rotondano Filho AF, Bastos RGM, Custodio Junior EG. Intraoperative assessment of components in navigated knee arthroplasty
in the elderly. Acta Ortop Bras. [online]. 2026;34(Spe.2): Page 1 of 6. Available from URL: http://www.scielo.br/aob.

INTRODUCTION

Total knee arthroplasty (TKA) is one of the most frequently per-
formed orthopedic procedures worldwide, primarily indicated
for the management of end-stage knee osteoarthritis. With the
progressive aging of the population and increasing life expectancy,
the demand for TKA continues to rise. Despite its high success
rates, the procedure’s long-term outcomes are closely dependent
on the accurate restoration of limb alignment, joint line positioning,
and soft tissue balance. Failures in achieving these parameters
have been associated with accelerated wear, aseptic loosening,
instability, persistent pain, and early revision surgery."?

Traditional mechanical alignment techniques in TKA aim to place
components perpendicular to the mechanical axis of the lower limb.
While this approach has been the gold standard for decades, recent
evidence suggests that a one-size-fits-all alignment philosophy may
neglect patient-specific variations in joint anatomy and kinematics,
potentially compromising postoperative satisfaction and function-
ality®#. This has led to the emergence of personalized alignment
strategies, such as kinematic and functional alignment, which
attempt to restore the native pre-arthritic alignment of the knee®.

The advent of computer-assisted surgery (CAS), and more specifi-
cally, navigation systems, has revolutionized the technical execution
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of TKA. Navigation technologies employ infrared tracking, 3D
mapping, and real-time visual feedback to guide bone cuts and
component placement with sub-millimetric precision. These systems
register anatomical landmarks and construct a virtual model of the
joint, allowing surgeons to assess and modify surgical parameters
intraoperatively without reliance on intramedullary guides®”.
Among the many benefits of navigation-assisted TKA are the in-
creased accuracy of component alignment, reduction in outliers,
elimination of intramedullary instrumentation (which may reduce
embolic complications), and adaptability to different alignment
philosophies. Studies have demonstrated that navigation can lead
to improved load distribution, better joint mechanics, and more
natural gait patterns when compared to conventional techniques®°.
Moreover, by providing objective intraoperative data, navigation
systems contribute to standardizing the surgical procedure and
may serve as valuable tools for training and quality control.
Despite these advantages, the incorporation of navigation systems
into routine clinical practice remains uneven globally, particularly in
developing countries. Barriers such as cost, learning curve, lack of
training infrastructure, and limited high-quality local data have restrict-
ed its widespread adoption. In Brazil, few institutions systematically
apply navigation in primary TKA, and even fewer have documented
their clinical experiences using implant-specific protocols.

To address this gap, the present study was conducted at the Instituto
Ortopédico de Goiania (I0G), a high-complexity orthopedic center.
The main objective is to evaluate the sizing and positioning of femoral
and tibial components in primary TKA procedures performed
using the Amplivision® navigation system in conjunction with
the SCORE® prosthesis. These data are essential to determine
the reliability and reproducibility of navigated TKA in the Brazilian
clinical setting, with direct implications for surgical training, patient
safety, and implant durability.

The justification for this study rests on the growing body of interna-
tional evidence supporting navigated TKA as a superior alternative in
terms of technical precision and patient-specific customization'-'4.
However, the extrapolation of these findings to the Brazilian popula-
tion and local health systems requires regionally validated data.
By documenting objective metrics of implant positioning, this re-
search seeks to inform best practices, contribute to clinical guide-
lines, and encourage evidence-based integration of navigation
technologies in orthopedic centers across the country.

Expected outcomes include confirmation of high levels of ac-
curacy in component placement using navigation, with minimal
variation in sizing and alignment parameters. The study also aims
to reinforce the feasibility of navigation as a viable strategy for
improving long-term outcomes and reducing the rate of technical
complications in TKA.

METHODOLOGY

Study Design and Participants

This study employed a quantitative, observational, and descrip-
tive research design, conducted at the Instituto Ortopédico de
Goiania (I0G), a high-complexity orthopedic referral center located
in Goiania, Brazil. The institution is recognized for its expertise in
joint reconstruction procedures and the implementation of advanced
surgical technologies. The investigation specifically targeted elderly
patients undergoing primary total knee arthroplasty (TKA), with all
procedures performed using computer-assisted navigation systems
to ensure precision in component sizing and positioning.

The sample included 83 elderly individuals (mean age: 70.10 years),
composed of 62 females (75.29%) and 21 males (24.71%). With
respect to laterality, 51 procedures (60%) were performed on the
right knee and 34 procedures (40%) on the left.
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Ethical Considerations

This study was approved by the Research Ethics Committee UFG
under protocol number 3.845.175 and conducted in full accor-
dance with the ethical principles established by the Declaration of
Helsinki (2013 revision), which governs research involving human
subjects. In addition, the study complied with Brazilian national
ethical regulations, particularly Resolution No. 466/2012 of the
National Health Council, which outlines guidelines for research
involving human beings, and Law No. 13.709/2018 — the General
Data Protection Law (Lei Geral de Protegcdo de Dados — LGPD),
ensuring the confidentiality, privacy, and protection of personal data.
All participants were informed about the objectives, procedures,
potential risks, and benefits of the study, and voluntarily signed a
written informed consent form prior to their inclusion in the research.
The confidentiality of all collected data was guaranteed throughout
the study, with secure storage and restricted access in accordance
with data protection protocols.

Inclusion and Exclusion Criteria

The inclusion criteria established for this study encompassed
patients aged 60 years or older, with a confirmed clinical and
radiographic diagnosis of primary knee osteoarthritis, and a clear
indication for primary total knee arthroplasty (TKA). Eligible partici-
pants were those who underwent the procedure using the SCORE®
prosthesis in combination with the AMPLIVISION® computer-as-
sisted navigation system, and who had voluntarily signed a written
informed consent form, authorizing their participation and the use
of their data for research purposes.

Conversely, individuals were excluded from the study if they had un-
dergone revision TKA procedures or if they received implants other
than the SCORE® system. Patients diagnosed with inflammatory
joint diseases (e.g., rheumatoid arthritis) or secondary osteoarthritis
(due to trauma or metabolic conditions) were also excluded, as
were those presenting with significant extra-articular deformities
that could interfere with the reliability of navigation-based alignment
assessments. Additional exclusion criteria included the presence
of cognitive or neurological impairments that might compromise
the ability to provide informed consent or adhere to postoperative
evaluations, as well as cases with incomplete or invalid intraoperative
data generated by the navigation system.

Surgical System and Prosthesis

All surgical procedures included in this study were performed
using the SCORE® total knee arthroplasty system, manufactured
by Amplitude Surgical (Valence, France). This prosthesis features
a high congruity rotating platform design, which promotes greater
articular stability, reduces polyethylene wear, and accommodates
the anatomical variability commonly observed in elderly patients.
Its biomechanical characteristics aim to optimize joint function and
increase implant longevity.

Intraoperative guidance was provided by the AMPLIVISION®
navigation system, an advanced, wireless, real-time 3D optical
tracking platform that enhances surgical precision. The system uses
infrared technology and reflective markers to register key anatomical
landmarks and track the spatial positioning of instruments and
bone structures throughout the procedure. This allows for accurate
measurement of implant size and component positioning, without
requiring the use of intramedullary alignment guides.

Data generated by the system are digitally processed and stored,
enabling standardized, objective documentation of the surgical
procedure. The integration of the SCORE® prosthesis with the AM-
PLIVISION® system provides a reliable platform for performing total
knee arthroplasty with high technical accuracy and reproducibility.
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Data Collection Protocol

The intraoperative data were systematically obtained using the
AMPLIVISION® navigation system, a wireless optical tracking
platform that provides high-resolution, real-time 3D modeling of
anatomical structures during total knee arthroplasty (TKA). This
system enables precise spatial orientation of the surgical instruments
and prosthetic components throughout the procedure, eliminating
the need for traditional intramedullary guides and enhancing both
the safety and accuracy of the intervention.

The data collection process commenced with the digital registration
of anatomical landmarks, including the medial and lateral femoral
condyles, the proximal tibial plateaus, the Whiteside line, and the
centers of the hip, knee, and ankle. These reference points were
captured through reflective markers and processed by the system
to construct a patient-specific three-dimensional virtual model
of the knee. This step also enabled the definition of mechanical
axes for both the femur and tibia, which served as intraoperative
references for alignment and measurement.

Following this, the navigation system performed real-time calibration
ofthe limb’s anatomical orientation. The spatial relationships among
bones and surgical tools were updated continuously, ensuring
accurate visualization and execution of bone resections. With these
calibrations in place, the surgeon proceeded with navigation-as-
sisted bone cuts, where the system provided dynamic feedback for
each resection plane, minimizing variability and increasing precision.
Based on the registered anatomical data, the system generated
automatic implant size suggestions, estimating the optimal dimen-
sions for the femoral and tibial components to ensure proper cortical
coverage and joint congruence. After the prosthetic trial and final
component placement, the AMPLIVISION® system recorded the
definitive values regarding the size and position of each component.
The collected variables included the numerical size (in mm) of both
the femoral and tibial components, selected from the standardized
options available in the SCORE® prosthesis system. In addition
to dimensional sizing, several parameters related to component
positioning were analyzed in angular measurements (degrees).
For the femoral component, coronal alignment was recorded as
the angle of deviation from the mechanical axis, indicating varus
(< 0°) orvalgus (> 0°) positioning, while sagittal alignment referred
to the flexion (> 0°) or extension (< 0°) inclination of the component
in relation to the femoral shaft.

For the tibial component, the variables included coronal alignment
(varus or valgus) in degrees (°), axial rotation (internal or external),
measured relative to the tibial tuberosity and the second metatarsal
line, also expressed in degrees, and posterior slope, which was
quantified as the angle (°) between the horizontal plane and the
inclination of the tibial tray in the sagittal plane. These values were
captured directly and automatically by the navigation system,
minimizing subjectivity in the assessment process.

All collected data were digitally stored in the AMPLIVISION® da-
tabase and subsequently exported in tabular format for statistical
processing. The precision and standardization ensured by this
method provided a robust and objective foundation for the analysis
of implant configuration and surgical reproducibility.

Statistical Analysis

All intraoperative data collected through the AMPLIVISION®
navigation system were exported to a dedicated database and
subsequently analyzed using the Minitab21® statistical software
(Minitab Inc., State College, PA, USA). Prior to statistical testing,
data integrity and consistency were verified, and all variables were
assessed for completeness and validity. The dataset included both
continuous and categorical variables related to patient demograph-
ics, component sizing, and implant positioning.
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A descriptive statistical analysis was conducted to characterize
the study sample and summarize the distribution of the surgical
variables. Measures of central tendency, such as the mean, and
measures of dispersion, including the standard deviation (SD), were
calculated for continuous variables (e.g., age, angles of alignment,
and posterior slope in degrees). Categorical variables, such as
operated side (right or left knee) and prosthetic component size
classifications, were expressed in terms of absolute frequencies
and percentages.

To assess potential differences between subgroups, particularly
between right and left knee procedures, inferential statistical tests
were applied. The Student’s t-test for independent samples was
used to compare the means of continuous variables between these
groups, under the assumption of normal distribution and homoge-
neity of variance. The test evaluated whether statistically significant
differences existed in component alignment angles or prosthetic
sizes based on surgical laterality or other stratifying factors.

The level of statistical significance was set at p < 0.05, meaning
that any p-value below this threshold was interpreted as indicative
of a significant difference between groups. All statistical tests
were two-tailed. The analysis aimed to identify not only the central
tendencies of the variables studied, but also to verify the consistency
and reproducibility of implant sizing and positioning in surgeries
performed with the aid of computer-assisted navigation. This sta-
tistical approach provided a robust foundation for interpreting the
precision and uniformity of navigated total knee arthroplasty in the
sample studied, supporting evidence-based conclusions regarding
surgical standardization.

RESULTS

All participants in this study underwent primary total knee arthro-
plasty (TKA) with the implantation of the SCORE® cemented
prosthesis, developed by Amplitude Surgical (Valence, France).
Surgical laterality revealed a predominance of procedures on
the right knee, corresponding to 60% of cases, while 40% were
performed on the left knee.

Regarding the dimensional distribution of prosthetic components,
Size 3 was the most frequently selected for both femoral and tibial
components, representing 31.32% of the implants used. Component
size selection followed the intraoperative recommendations of the
AMPLIVISION® system, which proposed optimal sizing based
on anatomical calibration. Figure 1 illustrates the distribution of
component sizes used in the study population.

Analysis of the femoral component positioning revealed no sta-
tistically significant differences for most angular measurements.
The mean values were 4.90° (+2.35) for flexion (p = 0.003), 1.92°
(+1.62) for rotation, 0.62° (+=0.90) for varus alignment, and 0.61°
(=1.61) for valgus alignment (p = 0.70 for all except flexion).

For the tibial component, the mean values were 2.10° (x0.14)
for posterior slope, 6.32° (+0.62) for rotation (p = 0.001), 0.36°
(=0.06) for varus alignment, and 0.31° (+0.06) for valgus alignment
(o = 0.81 for all except rotation). These results are summarized
in Table 1.

The analysis of component sizing and alignment demonstrated a
high degree of consistency in surgical execution when using the
AMPLIVISION® navigation system in conjunction with the SCORE®
prosthesis. The predominance of intermediate sizes—particularly
size 3—suggests a common anatomical profile among the elderly
population studied, while the balanced distribution of other sizes
confirms the system’s adaptability to interindividual anatomical
variability. The ability to tailor component selection intraoperatively
based on real-time 3D mapping reinforces the accuracy and repro-
ducibility of navigation-assisted total knee arthroplasty.
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Figure 1. Distribution of Femoral and Tibial Component Sizes Used
(SCORE® Prosthesis).

Table 1. Angular Positioning of Femoral and Tibial Components.

Component Movement Mean (°) SD p-value
Femoral Flexion 490 +2.35 0.003*

Rotation 1.92 +1.62 0.70

Varus 0.62 + 0.90 0.70

Valgus 0.61+1.61 0.70

Tibial Posterior Slope 2.10+0.14 0.81
Rotation 6.32 £ 0.62 0.001*

Varus 0.36 + 0.06 0.81

Valgus 0.31 +0.06 0.81

*Statistically significant according to Student’s t-test (p = 0.05). Values are expressed in degrees
(°) as mean = standard deviation.

Furthermore, the absence of statistically significant deviations
in most alignment parameters—except for femoral flexion and
tibial rotation—indicates that the navigation protocol contributed
to maintaining neutral and physiologically appropriate implant
positioning across the sample. These findings suggest that com-
puter-assisted navigation can support surgical standardization
and improve component placement without excessive variability,
thereby contributing to optimized joint biomechanics and potentially
enhancing long-term clinical outcomes.

DISCUSSION

The findings of this study provide robust evidence supporting the
importance of accurate implant sizing and positioning in total knee
arthroplasty (TKA), particularly when using computer-assisted
navigation systems such as AMPLIVISION® and high-performance
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implants like the SCORE® rotating platform prosthesis. In the context
of an aging population, where biomechanical integrity and early
postoperative recovery are essential for preserving autonomy and
functional independence, surgical precision plays a decisive role.
The predominance of size 3 for both femoral and tibial components
(31.32%) reflect the anatomical consistency of the sample, as well
as the system’s ability to suggest prosthetic dimensions based
on patient-specific 3D mapping. This feature reduces the risk of
intraoperative estimation errors and reinforces what Morcos et al.!
and Yamamoto et al.? describe as a pivotal benefit of real-time
digital planning in elderly patients, who often present morphological
changes associated with degenerative disease. Avoiding oversiz-
ing helps minimize soft tissue over-tensioning, while undersizing
prevention avoids instability and early loosening.

Notably, femoral component flexion averaged 4.90°, a value within
clinically favorable thresholds. As discussed by Almaawi et al.® and
Gao et al.5, this slight anterior tilt of the component contributes to
maintaining the posterior femoral offset, supporting a natural flexion
pattern that benefits quadriceps efficiency and reduces anterior
impingement during daily activities. For elderly patients, who often
demonstrate reduced muscle mass and proprioceptive capacity,
maintaining biomechanical synergy between the implant and the
extensor mechanism is fundamental for pain-free ambulation and
functional range.

The external rotation of the tibial component (mean: 6.32°) found
in this study is equally relevant. This alignment improves patellar
tracking, reducing lateral retinacular tension, and has been cor-
related with reduced anterior knee pain — a persistent challenge
in TKA recovery”8. Navigation appears essential for achieving such
precision, particularly in osteoarthritic knees where bony landmarks
may be obscured. Patellar maltracking, a common source of func-
tional dissatisfaction, can thus be mitigated with accurate rotational
alignment, enhancing patient comfort and mobility.

Additionally, the lack of statistically significant deviations in varus/
valgus alignment for both components reinforces the mechani-
cal consistency afforded by the navigation system. As Schiraldi
et al.® and Srivastava et al. highlight, deviations beyond =3° from the
neutral axis are associated with asymmetric distribution, increased
polyethylene wear, and long-term implant failure. The ability to
maintain alignment within this safety window contributes not only
to prosthetic survival but also to more stable gait and reduced
fatigue during weight-bearing tasks.

The posterior tibial slope, averaging 2.10°, was consistent across the
cohort and remained within recommended values. This parameter
is essential in posterior-stabilized or rotating platform implants like
SCORE®), as excessive inclination may increase posterior translation
and compromise implant congruence. On the other hand, insufficient
slope may impede flexion and lead to abnormal loading. Giurazza
et al.* and Gao et al.> emphasize that controlled slope contributes
to flexion mechanics and supports a functional range of motion
without overstressing ligaments or posterior structures.
Functionally, this degree of precision in implant positioning is strong-
ly associated with improved patient-reported outcomes. Studies by
Hadi et al.'°, Nisar et al."", and Gousopoulos et al.'® demonstrate
that when alignment and sizing are accurately controlled, patients
report reduced pain, better function, and greater satisfaction. These
outcomes are especially significant in elderly populations, where
prolonged recovery is associated with increased risks of decon-
ditioning, falls, and dependence.

Patients in this study benefited from a streamlined intraoperative
protocol that avoided the use of intramedullary guides, thereby
reducing surgical invasiveness — a key consideration in geriatric
orthopedic care. As Schnurr et al.'® and Li et al.'” point out, the
avoidance of medullary canal instrumentation reduces intraoperative
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bleeding, lowers embolic risk, and supports safer anesthesia man-
agement, which collectively translate to fewer complications and
faster postoperative mobilization.

These findings align with large-scale evidence. de Steiger et al.'8
and Lei et al.'® found that computer-assisted navigation in TKA
leads to fewer malpositioned implants and lower revision rates. In
a broader context, where health systems face increasing demands
from aging populations, technologies that enhance procedural
consistency while reducing failure rates contribute not only to better
outcomes but also to cost-effectiveness and surgical sustainability.
Moreover, the SCORE® prosthesis used in this study integrates
high-congruity surfaces and a rotating platform that allows for
controlled axial rotation. This mechanical behavior accommo-
dates minor physiological variances and provides a “self-aligning”
capacity, especially useful in elderly patients with asymmetric
loading or soft tissue imbalances. Winnock de Grave et al.’®, Bigoni
et al.?°, and Elbuluk et al.?' note that such implants reduce anterior
knee discomfort and promote greater confidence in movement,
contributing to improved performance in mobility tests such as
the Timed Up and Go (TUG) and six-minute walk test (6MWT).

In the context of the current study, the integration of a navigation
system and a biomechanically adaptive implant design resulted
in highly reproducible and physiologically favorable component
positioning, which likely underpins improved functional trajectories
for the sample. Although this analysis did not directly measure clin-
ical outcomes such as range of motion, gait parameters, or patient
satisfaction, the literature consistently supports the conclusion that
precision in intraoperative execution — as demonstrated here —is
closely linked to functional recovery, reduced complication rates,
and greater prosthesis longevity'819:22,

The results of this investigation reinforce the understanding that
accurate positioning and sizing of components, enabled by surgical
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navigation, are critical to achieving optimal functional outcomes
in TKA. Particularly for elderly patients, who may be more vulner-
able to biomechanical deviations, technological adjuncts such
as AMPLIVISION® allow surgeons to deliver highly standardized
care, supporting early mobilization, autonomy preservation, and
ultimately, an improved quality of life.

CONCLUSION

This study aimed to evaluate the precision of component sizing
and positioning in primary total knee arthroplasty (TKA) procedures
performed with the aid of the AMPLIVISION® navigation system
and the SCORE® cemented rotating platform prosthesis. The
results demonstrated a high level of intraoperative accuracy in
implant alignment and dimensioning, with minimal variability in
key parameters such as femoral flexion, tibial rotation, coronal
alignment, and posterior slope.

The consistent selection of prosthetic sizes, particularly the predom-
inance of size 3, reflects anatomical compatibility within the studied
elderly population and reinforces the reliability of the navigation
system in facilitating patient-specific surgical planning. Furthermore,
the precise placement of femoral and tibial components within
biomechanically favorable ranges supports the notion that real-time,
computer-assisted techniques contribute directly to improved joint
function and enhanced postoperative recovery.

In conclusion, the integration of the AMPLIVISION® system with
the SCORE® prosthesis proved to be an effective strategy for
optimizing the surgical execution of TKA. By ensuring accurate
implant positioning without the use of intramedullary guides, this
approach not only improves procedural safety but also lays a
foundation for better long-term functional outcomes in elderly
patients undergoing knee arthroplasty.
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ABSTRACT

Obijective: To compare bleeding and surgical time in patients
undergoing Total Knee Arthroplasty (TKA) with robotic assistance
with and without the use of a tourniquet. Methods: Retrospective
study with analysis of medical records. Patients were divided
into two groups: one group in which robotic-assisted TKA was
performed using a tourniquet and the other without. The values of
hemoglobin (Hb) and hematocrit (Ht) preoperative and 24 hours
after surgery, the estimated blood loss, number of transfusions
and surgical time were compared between the groups. Results:
108 patients were included, with 59 in the group using a tourniquet
and 49 without. There was no difference between the mean Hb
and Ht values between the groups preoperatively (p = 0.287 and
p = 0.508) and 24 hours (p = 0.252) after surgery. There was also
no difference between the estimated blood loss in each group
(p = 0.265). Surgical time was not different between groups
(p = 0.179). There was no need for transfusions in any patient.
Conclusion: Robotic-assisted TKA surgeries, whether performed
with or without a tourniquet, showed no significant differences
in the drop in Hb and Ht levels 24 hours after surgery, estimated
blood loss, transfusions, and surgical time. Level of Evidence IlI;
Retrospective cohort study.

Keywords: Robotic surgical procedures; Arthroplasty; Bleeding;
Knee; Tourniquet.

RESUMO

Objetivo: Comparar o sangramento e o tempo cirdrgico em pacientes
submetidos a Artroplastia Total do Joelho (ATJ) com assisténcia
robdtica com e sem uso de torniquete. Métodos: Estudo retros-
pectivo com analise de prontuarios. Os pacientes foram divididos
de forma aleatdria por sorteio em dois grupos: um grupo em que a
ATJ assistida por robdtica foi realizada com torniquete e outro sem.
Os valores de hemoglobina (Hb) e hematdcrito (Ht) pré-operatdrios
e 24 horas ap0ds a cirurgia, a perda sanguinea estimada, o nimero
de transfusées e o tempo cirtrgico foram comparados entre 0s
grupos. Resultados: foram incluidos 108 pacientes, sendo 59 no
grupo que utilizou torniquete e 49 sem. Nao houve diferenca entre
os valores médios de Hb e Ht entre 0s grupos no pré-operatorio
(p = 0,287 e p = 0,508) e 24 horas (p = 0,252) apds a cirurgia.
Também n&o houve diferenga entre a perda sanguinea estimada em
cada grupo (p = 0,265). O tempo cirdrgico néo foi diferente entre
0S grupos (p = 0,179). Nao houve necessidade de transfusées em
nenhum paciente. Conclusdo: As cirurgias de ATJ assistidas por
rob0, realizadas com ou sem torniquete, ndo mostraram diferencas
significativas na queda dos niveis de Hb e Ht 24 horas ap0s a cirurgia,
perda sanguinea estimada, transfusées e tempo cirdrgico. Nivel
de Evidéncia Ill; Estudo de coorte retrospectiva.

Descritores: Procedimentos cirurgicos roboticos; Artroplastia;
Sangramento, Joelho, Torniquete.
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INTRODUCTION

The use of robotic technology in surgery has proven effective
in improving precision during soft tissue dissection, as well as
contributing to enhancing the postoperative rehabilitation process
in different medical fields.! Robotic-Assisted Total Knee Arthroplasty

(TKA) allows for better precision in bone cuts, leading to improved
implant positioning and less soft tissue damage?, factors that may
be related to higher patient satisfaction and increased implant
longevity.> Additionally, it could be associated to reduced blood
loss* and decrease postoperative pain in patients®.
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The use of a tourniquet in TKA procedures has become a topic of
debate in the literature in recent years.® In conventional TKA, some
studies have shown an increase in hidden intraoperative blood loss’,
a higher incidence of infections®, and postoperative pain, in patients
operated with a tourniquet compared to those where it was not
used.® Inrobotic-assisted TKA, this divergence regarding the use of
the tourniquet persists, and there are few comparative studies. Lai
et al.°’demonstrated greater hidden bleeding, more postoperative
pain, and muscle injury in patients operated with a tourniquet
during robotic-assisted arthroplasty and justified these findings
by the longer intraoperative time related to the robotic assistance.
However, a recent meta-analysis showed no significant difference
in surgical time between conventional and robotic surgery.

Given the ongoing controversy, this study aimed to compare pa-
tients undergoing robotic-assisted TKA with and without the use
of a tourniquet. The focus was on analyzing whether there was a
difference in blood loss 24 hour after surgery and in surgical time.

METHODS

The present study was conducted after approval by the Research
Ethics Committee in accordance with resolution No. 466/2012 of
the National Health Council and the Declaration of Helsinki with
number CAAE: 71836523.2.0000.5696. A retrospective study was
performed with the analysis of medical records of patients who
underwent robotic-assisted TKA between October 2022 and June
2023. Patients with a diagnosis of rheumatoid arthritis, patients
with coagulation disorders, or the useof anticoagulants up to
7 days before surgery were not included. Patients were divided
into two groups (one in which the surgery was performed using a
tourniquet and another without) randomly by draw and operated
by four surgeons with more than 10 years of experience in knee
arthroplasties from the same team and following the same protocol.
Preoperative Hb and Ht values, as well as those 24 hours after
surgical procedure, the estimated blood loss calculation, and
the time required to perform the procedure, were recorded and
compared between the groups.

All patients operated on during the period were included and had
blood samples collected via peripheral puncture preoperatively
and 24 hours after surgery. Additionally, the surgical time for each
procedure was recorded by the nursing and anesthesia team.
All patients underwent spinal anesthesia, were operated on via a me-
dial parapatellar approach, maintaining ischemia from the beginning
of the skin incision until the final dressing in the cases of tourniquet
use. The implants used were always cemented, without patellar
replacement, and using the same instrumentation with robotic arm
assistance during surgery (ROSA® Knee System, Zimmer, Warsaw,
IN, USA). No suction drains were used in any case. All patients
received 1g of intravenous tranexamic acid at anesthetic induction.
Mechanical thromboembolic prophylaxis was implementedusinge-
lastic stockings and an intermittent pneumatic compression pump for
the first 24 hours after the procedure. Pharmacological prophylaxis
consisted of 10mg of oral rivaroxaban administered 6 hours after the
procedure, followed by a dose every 24 hours during hospitalization
and continuing until the tenth postoperative day for all patients.
The obtained results were statistically analyzed by comparing the
two groups. The following parameters underwent statistical analysis:
Hb and Ht values before and 24 hours after surgery, decrease in Hb
and Ht values 24 hours after the procedure, calculation of estimated
blood loss by Body Mass Index (BMI) (using estimates from Nadler
et al’" and equations described by Lisander et al.'?), surgery time,
sex, age, BMI, and number of transfusions. The criterion for indi-
cating transfusion was Hb less than 7g/dl associated with clinical
symptoms such as hemodynamic instability, oliguria, decreased
level of consciousness, or poor general condition.
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The categorical variable was presented by frequency and percent-
age. Quantitative variables were analyzed for normality using the
Shapiro-Wilk test. The values are described as mean = standard
deviation (SD). Pearson’s chi-square test was used to assess the
statistical significance of qualitative variables, and the t-test was
used for numerical data according to normality. The results were
analyzed using the Statistical Package for the Social Sciences
(SPSS) - 23.0 (IBM Corp., Armonk, NY, USA), with a confidence
level of 5% established for all tests applied.

RESULTS

One hundred and eight patients were included in the study. The
tourniquet group consisted of 59 patients, whilethe non-tourniquet
group had 49 patients (Figure 1). The mean age inthe tourniquet
group was 68.1 years, with a standard deviation of 7.6 years, while in
the non-tourniquet group it was 67.4 years, with a standard deviation
of 9.5 years. There was no statistically significant difference in age
between the groups. There was also no statistically significant
difference related to gender distribution, BMI, preoperative Hb and
Ht between groups (Table 1).

A shorter mean operative time was observed in the tourniquet group
(108.7 = 20.4 min) compared to the non-tourniquet group (114.4 =
23.2 min), but without a significant statistical difference (Table 2).
Regarding bleeding evaluation, the mean reduction in Hb was
slightly lower in the tourniquet group (2.28 + 0.92 g/dL) compared
to the non-tourniquet group (2.54 = 1.36 g/dL), but it was also
not statistically significant (Table 2). Estimated blood loss was
lower in the tourniquet group (765.4 = 290.6 mL) compared to the
non-tourniquet group (842.4 = 421.4 mL), however, this difference
was also not statistically significant (p=0.265). No patient required
a blood transfusion (Table 2).

Patients undergoing
Robotic TKA (n=108)

LEXCIusions (n=0)

. _ Non-tourniquet group
Tourniquet group (n= SQ)J (n= 49)

L3 L ”
& 'S N
Intraoperative and Intraoperative and
24-hour analysis (n= 59) 24-hour analysis (n= 49)
& . J

Total Knee Arthroplasty (TKA).
Figure 1. Flowchart of patients evaluated after robotic TKA.

DICUSSION

This study suggests that the use of a tourniquet in robotic assisted
TKA does not lead to reduce bleeding 24 hours after surgery
(p=0.265), nor does it reduce operative time. Lai et al.® conducted
a randomized, controlled, double-blind trial comparing similar
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Table 1. Demographic characteristics of the study population.

. Tourniquet Non-tourniquet "
Variable group (n=59) group (n=49) P
Age (years) (mean+SD) 68.1+7.6 67.4+95 0.648
Male, n (%) 24 (40.7) 29 (59.2) 0.056
BMI (mean+SD) 30.1+44 30449 0.712
Hemoglobin,
o/dl (mean+SD) 13.97 £ 1.30 14.25 +1.48 0.287
Hematocri, % 41.60 + 3.86 4212 +4.41 0.508
(mean+SD)

Standard deviation (SD); Body mass index (BMI).

Table 2. Comparison between the groups regarding surgical time and
bleeding.

. Tourniquet Non-tourniquet "
Variable group (n=59) group(n=49) P
Surgical time, min
(mean=SD) 108.7 + 20.4 114.4 +23.2 0.179
Hemoglobin
reduction (g/dL) 2.28+0.92 2.54 +1.36 0.252
Estimated blood 7654 £200.6 | 842.4+421.4 0.265
loss (ml)
Transfusion (n) 0 0 N/A

Standard deviation (SD).

outcomes, including bleeding and operative time, in patients under-
going robotic-assisted TKA, but with only 14 patients in each group.
Many studies compare robotic TKA to conventional techniques
but do not compare the use or not of the tourniquet'™'415, We have
shown that the use of a tourniquet in robotic-assisted TKA resulted
in a slightly lower mean blood loss but not significantly different
in volume compared to the non-ischemic technique (765.4 ml vs.
842.4 ml). Similarly, the study conducted by Lai et al.® showed that
although the tourniquet appeared to reduce intraoperative blood
loss, it did not reduce hidden blood loss. Another study evaluating

CONTRIBUTIONS OF THE AUTHORS

conventional TKA also found similar results regarding bleeding
with tourniquet use.'® Robotic-assisted surgery already indicates
better outcomes in terms of blood loss compared to conventional
techniques when both are performed with a tourniquet.'”
Another data point that did not show a significant difference be-
tween the groups was surgical time. This finding differs from recent
meta-analyses conducted with data from surgeries without robotic
assistance, which indicate the tourniquet as a factor reducing surgical
time.®” We understand that including a larger number of patients in
the study might possibly show some difference in this variable The
surgeons experience in operating without a tourniquet couldalready
narrowed the surgical time even using robotic arm assistance.
This study has limitations. First, because it is a retrospective study.
A prospective randomized study with the same number of patients
might yield different results. Second, it uses data from a single
center, which may limit the number of patients studied, although
it reduces the bias of comparing different surgeons with different
practices. Third, we did not have evaluations beyond 24 hours
post-surgery because many patients were discharged before
48 hours after surgery, making it difficult to collect new bloodtests.
Atthe end of the study, it was observed that robotic-assisted surgery
can be performed without the use of a tourniquet without com-
promising surgical time and without causing significant bleeding.
This may help avoid the complications already described related
to tourniquet use.®'®

CONCLUSION

Robotic-assisted TKA surgeries performed with and without the use
of a tourniquet showed no significant difference in the decrease
in Hb and Ht levels 24 hours after surgery, estimated blood loss,
transfusions, and surgical time.
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PEDIATRIC GIANT CELL TUMOR: A NATIONAL MULTICENTER STUDY

TUMOR DE CELULAS GIGANTES PEDIATRICO: ESTUDO
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ABSTRACT

Obijective: To describe the clinical and epidemiological profile
and local recurrence rate of pediatric giant cell tumor of bone
(GCTB) in patients under 14 years, based on a Brazilian multi-
center cohort. Methods: Retrospective analysis of 18 patients
(=14 years) with histologically confirmed GCTB treated at 7
oncology centers. Some of the collected variables included
demographics, tumor location, and Campanacci radiographic
grade. Data were centrally consolidated following validation.
Results: The median age was 13 years (range, 7-14 years), and
67% of the patients were female. Long bones were affected in
67% of the cases. Five tumors involved the hand/wrist and were
mostly Campanacci’s grade 3. Treatments included curettage
(44%) and resection (50%), with local adjuvants used in 50% of
cases. Local recurrence occurred in 11% of patients. Denosumab
was used in 39%, with no subsequent recurrences. No pulmonary
metastasis was observed. Conclusions: Most patients were
adolescent girls with tumors arising in long bones, especially
around the knee, or in the hand and wrist, where lesions were
more aggressive and frequently grade 3. The demographic and
clinical profile was similar to that of adults, but with a lower risk of
recurrence in long bones. Level of evidence IlI; Retrospective
cohort study.

Keywords: Giant Cell Tumor of Bone; Bone Neoplasms; Local
Neoplasm Recurrence; Medical Oncology; Epiphyses; Therapeutics.

RESUMO

Objetivo: Descrever perfil clinico e epidemiolégico e taxa de recidiva
local do tumor de células gigantes do osso (TCG) em criangas
com menos de 14 anos, com base em uma coorte multicéntrica
brasileira. Métodos: Analise retrospectiva de 18 pacientes (<14
anos) com diagnadstico histolégico confirmado de TCG tratados
em 7 centros de oncologia. Algumas das variaveis coletadas
incluiram dados demograficos, localizagéo tumoral e classificagdo
de Campanacci. Os dados foram consolidados centralmente.
Resultados: A mediana de idade foi 13 anos (intervalo 7-14); 67%
eram do sexo feminino. Ossos longos foram acometidos em 67%.
Cinco tumores envolveram m&o/punho. Os tratamentos incluiram
curetagem (44%) e ressecgao (50%), com uso de adjuvantes
locais em 50%. Recorréncia local ocorreu em 11%. Denosumabe
foi utilizado em 39% dos casos, sem recorréncias subsequentes.
Néo foram observadas metastases pulmonares. Conclusées: A
maioria dos pacientes eram adolescentes do sexo feminino com
tumores localizados em 0ssos longos, especialmente ao redor
do joelho, ou na mao e no punho, onde as lesées se mostraram
mais agressivas e frequentemente classificadas como grau 3. O
perfil demogréfico e clinico foi semelhante ao de adultos, mas com
menor risco de recidiva nos 0ssos longos. Nivel de evidéncia Ill;
Estudo de coorte retrospectivo.

Descritores: Tumor de Células Gigantes do Osso; Neoplasias Os-
seas; Recidiva Local de Neoplasia; Oncologia; Epifises; Terapéutica.
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INTRODUCTION

Giant cell tumor of the bone (GCTB) is a rare neoplasm, representing
approximately 5% of all primary bone tumors.! In youth, GCTB is even
less common but tends to behave more aggressively than in adults.
Most pediatric cases occur in adolescents, with a slightly higher
prevalence in females than in males. The mean age at diagnosis
ranges between 12 and 16 years, and the tumor most frequently
affects the long bones, particularly the distal femur, distal radius,
and proximal tibia.? Pulmonary metastases are rare and indicate
more aggressive behavior and a worse prognosis.®

While epiphyseal or metaepiphyseal involvement is typical due
to active bone growth in skeletally immature patients with open
physis, GCTB may arise exclusively in the metaphysis. This atypical
presentation challenges the classical concept of a predominantly
epiphyseal lesion and broadens the differential diagnosis of primary
metaphyseal bone tumors in younger patients.®

Pediatric GCTB also demonstrates distinct biological behavior,
with significantly higher rates of local recurrence than in adults,
especially in the presence of open physes and pathological
fractures.2®7 Despite these clinical differences, the histological
spectrum remains similar to that observed in adults, characterized
by multinucleated giant cells distributed within a fibrohistiocytic
stroma. At the molecular level, pediatric tumors harbor Histone
H3.3 family A (H3F3A) mutations and show increased Receptor
Activator of Nuclear Factor Kappa-B Ligand (RANKL) expression
and elevated Matrix Metallopeptidase 9 (MMP-9) levels, findings
that have been associated with a greater risk of recurrence and
fracture in this population.8®

The management of GCTB in children follows principles similar to
that in adults; however, treatment decisions must carefully balance
local control with the preservation of joint function and growth
potential.” Surgery remains the mainstay of therapy, while systemic
agents such as denosumab are considered for cytoreduction or
inoperable cases, and bisphosphonates may be used as adjuvants
in recurrent or vertebral lesions.*$15

To better understand the epidemiology, treatment strategies, and
local recurrence rates of pediatric GCTB in Brazil, we analyzed a
multicenter cohort of patients aged < 14 years. This study aimed
to provide a descriptive analysis of the clinical and epidemiological
profiles of these patients, as well as to identify the rate of local
recurrence based on data from the participating centers.

PATIENTS AND METHODS

This retrospective cohort study was conducted using the database
of a national multicenter project on orthopedic tumors, coordinated
by the Brazilian Association of Orthopedic Oncology. A total of
18 patients diagnosed with GCTB up to the age of 14 years were
included. A cutoff of 14 years was established to ensure that only
skeletally immature patients with open physes were analyzed, since
these biological characteristics influence both tumor presentation
and the risk of local recurrence.

Data were obtained from seven orthopedic oncology centers in
Brazil. Only patients with histopathological confirmation of GCTB
and complete medical records available at the treating institution
were included in this study. Patients were excluded if their diagnosis
was uncertain or if their primary treatment was performed outside
the referral center.

The study protocol was approved by the Research Ethics Com-
mittee of the Hospital de Clinicas de Porto Alegre, as well as by
all participating institutions (CAAE 94280918.0.0000.5327). All
procedures complied with the Declaration of Helsinki, the Brazilian
General Data Protection Law, and the ethical guidelines established
by the current resolutions of the Brazilian National Health Council.
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Patient confidentiality was preserved by assigning a numerical
code to each case. Data were extracted from electronic and paper
medical records, reviewed locally, and subsequently forwarded to
the coordinating center using a secure system. Inconsistencies or
missing information were returned to the respective institutions for
clarification before final consolidation of the data. After validation,
the dataset was compiled and analyzed using Microsoft Excel and
SPSS (version 28.0).

The variables assessed included demographic information (age and
sex), tumor location, presence of pathological fracture, treatment
modality (curettage, resection, or amputation), use of local adju-
vants, type of cavity filling (bone graft or polymethylmethacrylate),
systemic therapy (denosumab or bisphosphonates), and presence
of pulmonary metastases at diagnosis. Tumor aggressiveness was
classified using the Campanacci system.'® Local recurrence
was defined as radiological or histological evidence of tumor
regrowth after the initial treatment. Continuous variables were
summarized using the mean, median, standard deviation, or in-
terquartile range, while categorical variables were expressed as
absolute numbers and proportions.

RESULTS

Demographics and tumor characteristics

The mean duration of follow-up was 50.8 months (from diagno-
sis to last follow-up visit). The median age at diagnosis was 13
years (range, 7-14 years), with a predominance of female patients
(12, 66.7%). The majority of cases originated in the long bones
(12, 66.7%), particularly around the knee, including the distal femur
(four), proximal tibia (three), and distal radius (three). Involvement
of the hand and wrist was noted in five patients (27.8%), often
exhibiting aggressive radiographic features. According to the
Campanacci’s classification, most lesions were grade 3 (nine),
followed by grade 2 (seven) and grade 1 (two). Tumors located in
the hand and wrist (five) were predominantly classified as grade
3 (four) (Table 1).

Treatment and local recurrence

Seventeen patients underwent surgical treatment: intralesional
curettage in eight (44.4%) (Figure 1) and resection in nine (50.0%).
A patient with a periacetabular tumor (Figure 2) was treated exclusively
with denosumab, remaining in remission until the last evaluation
(24 months). The use of surgical adjuvants such as high-speed
burr, phenol, or alcohol was documented in nine cases, typically
combined with cavity filling using polymethylmethacrylate (Figure 3)
or bone grafting. In two cases, reconstruction with autologous fibula
grafting and osteosynthesis was required following resection. Local
recurrence was observed in two patients (11.1%), both females with
Campanacci's grade 3 tumors (Table 2). In these cases involving the
sacrum, one patient initially underwent curettage without adjuvant
therapy, resulting in recurrence after approximately 16 months, which
was subsequently managed with a second curettage. The other
patient was treated with resection, experienced recurrence after 4
months, and commenced treatment with denosumab. Both patients
achieved local disease control until the last follow-up. Notably, none
of the patients who received adjuvant therapy experienced recur-
rence. Systemic therapy with denosumab was administered to seven
patients (38.9%), most commonly as a neoadjuvant approach for
cytoreduction prior to surgery, and in one case for recurrent disease.
No pulmonary metastases were identified in this cohort of patients.

DISCUSSION

The age distribution in our series, characterized by a median age of
13 years, aligns with the observation that giant cell tumor of bone
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Table 1. Clinical and demographic characteristics of the patients.

Characteristics n (%)
Sex
Female 12 (66.67%)
Age (years)
< 12 years 4(22.22%)
> 12 and < 14 years 14 (77.78%)
Campanacci’s classification
Grade 1 2 (11.11%)
Grade 2 7 (38.89%)
Grade 3 9 (50.00%)
Surgery
No 1 (5.56%)
Yes 17 (94.44%)
Type of surgery
None 1 (5.56%)
Curettage 8 (44.44%)
Resection 9 (50.00%)
Filling type
None 9 (50.00%)
Cement 5 (27.78%)
Bone graft 4(22.22%)
Adjuvants
Drilling 4 (22.22%)
Fulguration 5 (27.78%)
Alcohol 2 (11.11%)
None 7 (38.89%)
Site
Pelvic girdle 3 (16.67%)
Foot and ankle 4 (22.22%)
Elbow 1 (5.56%)
Hand and wrist 5 (27.78%)
Knee 3(16.67%)
Others 2 (11.11%)
Pulmonary metastases
No 18 (100.00%)
Local recurrence
No 16 (88.89%)
Yes 2 (11.11%)
Denosumab
No 11(61.11%)
Yes 7 (38.89%)
Indication of denosumab
Recurrence 1 (5.56%)
Cytoreduction 6 (33.33%)

Figure 1. Case 12. (A) T1-weighted MRI of the left ankle showing a giant
cell tumor of bone (GCTB) in the talus with cortical rupture (Campanacci
grade 3); (B) axial T2 SPIR sequence demonstrating fluid—fluid levels
consistent with a secondary aneurysmal bone cyst; (C) late postoperative
frontal radiograph after curettage and cavity filling (black arrow).
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Figure 2. Case 8. (A) Anteroposterior radiograph and (B) coronal
computed tomography of the left knee demonstrating a giant cell tumor
of bone (GCTB) in the distal femoral epiphysis. (C) Anteroposterior
radiograph at 24 months postoperatively showing PMMA filling without
evidence of local recurrence.

%

Figure 3. Case 4. (A) Anteroposterior radiograph and (B) axial computed
tomography showing a large right periacetabular giant cell tumor of
bone (GCTB). (C) Anteroposterior radiograph and (D) axial computed
tomography demonstrating tumor volume reduction and ossification
after denosumab therapy.

(GCTB) in pediatric patients is predominantly diagnosed in older
children and adolescents. This pattern has been corroborated by
other studies, such as those conducted in Korea and India, which
have reported that the majority of cases occur during the second
decade of life, particularly around puberty, when skeletal growth is
most active.®!” The predominance of female patients in our cohort is
also consistent with previous reports, suggesting that earlier physeal
closure in females may contribute to a relatively higher incidence
in this subgroup compared to males.>5° However, it is important
to acknowledge that our findings may be subject to selection bias,
as boys generally maintain open physes until later in adolescence;
thus, if patients up to 17 years of age had been included, a higher
proportion of males might have been represented in the cohort.

Regarding anatomical distribution, most tumors arose in the long
bones, with the knee region being the most frequently affected
site, mirroring the classic adult predilection for the distal femur
and proximal tibia reported in the literature.” The presence of five
cases in the hand and wrist, most of which were classified as
Campanacci’'s grade 3, suggests a more aggressive biological
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Table 2. Case series and treatment.

No. |Age (y)| Sex Site of lesion Campanacci lzr:e:; Filling type | Adjuvant | Type of adjuvant Local recurrence Der;::itg;!ta;:nand
1 7 F Distal radius 3 Resection None None No No
2 8 M Sacrum 3 Resection None No Yes (4 mo postop.) | Yes. Recurrence
3 9 M | Phalanx/metacarpal 3 Curettage None None No No
4 10 M Pelvis 1 None None - No Yes. Cytoreduction
5 12 F Distal tibia 2 Curettage Cement Combined Extensive curlettage No No
+ fulguration
6 12 M Distal tibia 2 Curettage Cement Combined Extinfsln/;u(r::triﬁ:age No Yes. Cytoreduction
13 F Proximal fibula 2 Resection Bone graft Simple Phenol/alcohol No No
13 F Distal femur 1 Curettage Cement Simple Fulguration No No
13 M Mandible 3 Resection None None - No Yes. Cytoreduction
10 13 F Maxilla 3 Resection None None - No Yes. Cytoreduction
1 13 F Metatarsal 2 Resection othZr;zygnr?r:e;is None - No No
12 13 F Talus 2 Curettage Bone graft Simple Extensive curettage No No
13 13 F Distal ulna 3 Resection None None - No No
14 14 M Proximal ulna 3 Curettage Cement Combined Extensive cur'ettage No Yes. Cytoreduction
+ fulguration
15 14 F | Phalanx/metacarpal 2 Resection None None - No Yes. Cytoreduction
16 14 F | Phalanx/metacarpal 3 Resection Bone graft None - No No
17 14 F Proximal tibia 2 Curettage Cement Combined Phenol/alcphol No No
+ fulguration
18 14 F Sacrum 3 Curettage None None Yes (16 mo postop.) No

F = female; M = male; postop. = postoperative.

behavior at these sites.* This finding has also been highlighted in
the adult population, where tumors in small bones often present at
advanced radiographic stages due to the limited capacity of these
structures to accommodate tumor growth.

Surgical treatments for pediatric GCTB include curettage and en
bloc resection. Curettage, when combined with a high-speed burr,
chemical or thermal adjuvants, and cavity filling, helps preserve
the physis and nearby joints, facilitates quicker recovery, and—in
our study—curettage with adjuvants did not lead to recurrence,
reinforcing its status as the preferred local approach.'® It is important
to note that the sacrum recurrence managed with curettage did not
involve adjuvants.'®'® Nonetheless, it carries a higher risk of patho-
logical fractures and recurrence compared to resection, especially
in skeletally immature patients.?3 £n bloc resection achieves lower
recurrence rates but at the cost of greater functional morbidity,
including joint sacrifice, limb length discrepancy, or deformity.
Our two recurrences arose in grade 3 sacral tumors, a site where
surgical access is limited and wide margins are constrained by
the risk of neurological deficit, reflecting the inherent challenge of
axial resections.'*1

Less common local modalities include radiotherapy and selec-
tive arterial embolization. Radiotherapy can achieve control in
unresectable sacral or skull-base tumors, with stabilization and
preservation of neurological function reported in adults, particularly
when combined with denosumab or embolization. However, its
use in children is limited by the risk of growth disturbance and
secondary malignancy." Embolization is valuable in hypervascular
pelvic or sacral lesions, decreasing intraoperative blood loss, the
need for transfusion, and operative time, while offering temporary
pain relief or enabling staged resections. The effects are transient,
requiring repeated sessions, and complications such as ischemia
or neuropathy may occur. Both remain secondary to surgery.'®
Denosumab has emerged as the most extensively studied systemic
treatment for GCTB, particularly in patients with unresectable disease
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or when cytoreduction is required prior to surgery.'®' In our cohort,
seven patients received denosumab, primarily as neoadjuvant
therapy, and none experienced local recurrence during follow-up,
thereby supporting its efficacy in carefully selected cases. In adults,
denosumab provides reliable tumor control and can downstage
lesions to facilitate joint preservation.'®'* However, concerns persist
regarding its use in skeletally immature patients, as the drug is
FDA-approved only for skeletally mature adolescents.'© Its off-label
pediatric use is constrained by risks of growth disturbance, hypo-
calcemia, osteonecrosis of the jaw, and the potential for increased
recurrence when curettage follows preoperative therapy. In our
study, no short-term or mid-term complications were observed up
to the final follow-up visit.”10-1416.20

Bisphosphonates, particularly zoledronic acid, have also been
evaluated in pediatric and adult GCTB, with reports of symptomatic
relief and local control, especially in spinal or pelvic disease where
surgical morbidity is considerable. Their advantages include low
cost and potential antitumor activity; however, their role remains
less defined than that of denosumab. Adverse events include flu-like
symptoms, hypocalcemia, and the rare but serious complication
of osteonecrosis of the jaw. In children, the additional concern of
altered bone metabolism and potential effects on growth plates limits
their routine use, reserving them for selected cases of recurrence
or axial involvement.'®

Asignificant strength of this study is its status as the largest multicenter
Brazilian series dedicated exclusively to patients under 14 years of
age with giant cell tumor of bone, a rare and underreported demo-
graphic. By incorporating cases from multiple referral centers, the
findings possess enhanced external validity. This study also provides
comprehensive information on clinical presentation and treatment,
emphasizing the use of local adjuvants and systemic therapy. Notably,
our results highlight the aggressive nature of tumors in small bones,
particularly in the hand and wrist, and affirm the efficacy of intralesional
techniques with adjuvants in reducing recurrence.
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However, this study has certain limitations. The rarity of pediatric
GCTB results in a relatively small sample size, which diminishes the
statistical power and limits the generalizability of the conclusions.
The retrospective design is inherently prone to information bias, and
variations in surgical techniques and adjuvant protocols across centers
may have influenced the outcomes. Additionally, the follow-up duration
was limited for some patients, potentially underestimating late recur-
rences or long-term complications. Functional outcomes, quality-of-life
measures, and growth disturbances were not systematically assessed,
restricting conclusions regarding the impact of the different treatment
strategies. Finally, the off-label use of denosumab in skeletally immature
patients constrains the ability to draw definitive conclusions regarding
its long-term safety and efficacy in this population.

CONTRIBUTIONS OF THE AUTHORS

CONCLUSION

In pediatric GCTB cases in Brazil, most patients were adolescent
girls with tumors arising in long bones, especially around the knee,
or in the hand and wrist, where lesions were more aggressive
and frequently grade 3. The demographic and clinical profile
was broadly similar to that reported in adults, but with a lower
risk of recurrence in long bones. Surgical management with
curettage and resection yielded comparable outcomes, with local
recurrence observed only in the sacrum. Importantly, the use of
denosumab did not appear to increase recurrence in this cohort.
These findings reinforce the need for individualized strategies that
balance oncologic control with preservation of skeletal growth
and function in the pediatric population.
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ABSTRACT

Introduction: Articular fractures of the distal humerus involving the
capitellum and trochlea (AO 13B3) are complex and challenging
to manage without consensus in the literature on the most appro-
priate management. Objective: Evaluate radiographic features
and treatment-related factors that may be positively or negatively
correlated with the outcome of these fractures. Methods: Sixteen
adult patients who underwent surgery between 2007 and 2024
with at least one year of follow-up were analyzed retrospectively.
Radiographic characteristics, postoperative range of motion, and
complications were evaluated. Statistical analysis used Odds Ratio
(OR) and Fisher’s Exact Test. Results: Elbow stiffness occurred in
56% of patients, 83% of which were in cases with posterior wall
involvement (OR=7.5; p=0.08). Preoperative immobilization for more
than seven days was associated with range of motion impairment
(60%, OR=3; p=0.58) and ulnar nerve neuropathy (30%, OR=6;
p=0.09). All cases of ulnar neuropathy occurred in women with
prolonged immobilization (OR=8.08; p=0.09). Conclusion: Posterior
wall integrity is a relevant prognostic factor for the final range of
motion. The propensity for ulnar neuropathy in women and those
with prolonged immobilization, although without statistical signifi-
cance, suggests the need for larger samples. Level of Evidence
1l; Retrospective study.

Keywords: Capitellum Humerus Fractures; Trochlear Fractures,
Humerus; Orthopedic Surgery; Prognosis; Postoperative Compli-
cations; Retrospective Studies.

RESUMO

Introdug&o: Fraturas articulares do Umero distal envolvendo capitulo
e tréclea (AO 13B3) sdo complexas e de manejo desafiador, sem
consenso na literatura com relagdo ao tratamento mais adequado.
Objetivo: Avaliar fatores radiograficos e associados ao tratamento
que possam correlacionar-se positiva ou negativamente ao desfecho
dessas fraturas. Métodos: Dezesseis pacientes adultos submetidos a
cirurgia entre 2007 e 2024, com pelo menos um ano de seguimento,
foram analisados retrospectivamente. Foram avaliadas caracteristicas
radiograficas, arco de movimento pos-operatorio e complicagoes.
A analise estatistica utilizou Odds Ratio (OR) e Teste Exato de Fisher.
Resultados: Restricdo do arco de movimento ocorreu em 56% dos
pacientes, sendo 83% nos casos com acometimento da parede
posterior (OR=7,5; p=0,08). Imobilizag&o pré-operatdria superior a
sete dias associou-se ao comprometimento do arco de movimento
(60%, OR=3; p=0,58) e neuropatia do nervo ulnar (30%, OR=6;
p=0,09). Todos o0s casos de neuropatia ulnar ocorreram em mulhe-
res com imobilizagéo prolongada (OR=8,08; p=0,09). Conclus&o:
A integridade da parede posterior é um fator progndstico relevante
para o arco de movimento final. A propenséo para neuropatia ulnar
em mulheres e pacientes com imobilizagao prolongada, embora sem
significancia estatistica, sugere a necessidade de amostras maiores.
Nivel de Evidéncia lI; Estudo retrospectivo.

Descritores: fraturas do Capitulo Umeral; Fraturas Trocleares do
Umero, Cirurgia Ortopédica, Progndstico; Complicagdes Pds-Op-
eratérias, Estudos Retrospectivos.

Citation: Gattas LG, Avi PH, Fregoneze M, Hungria JOS, Vargas RP, Zamboni C. Which factors can define the prognosis of articular fractures of the
capitellum and trochlea? Acta Ortop Bras. [online]. 2026;34(Spe.2): Page 1 of 4. Available from URL: http://www.scielo.br/aob.

INTRODUCTION

The distal humerus is divided into two columns, medial and lateral,
which are extra-articular and articular, respectively. In its articular
segment, it is formed by a “tie arch” connecting the distal end of
the lateral column, composed by the capitellum; and in the most

medial part, between the medial epicondyle and the capitellum,
the trochlea (Figure 1). '

The capitellum and trochlea are irrigated by perforating condylar
vessels that are branches of the recurrent radial, radial collateral,
and recurrent interosseous arteries (Figure 2), which maintain an
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Figure 1. Column structure of the distal humerus — anterior view.
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Figure 2. Extraosseous vascular anatomy — anterior view.

intimate relationship with the posterior wall of the distal end of the
humerus, that may potentially suffer devascularization in fractures
involving this region. 47

Fractures of the distal humerus, involving the capitellum and troch-
lea, may occur isolated or combined. Isolated capitellum fractures
represent 1% of elbow fractures and 3% to 6% of distal humerus
fractures. Isolated trochlea fractures are rare.

Females are the most affected by this type of fracture, and this
greater predisposition might be related to osteoporosis, cubitus
valgus and elbow recurvatum.'o"

Several classifications for this type of fracture can be used. Anatom-
ically, the AO classification divides them into extra-articular (13A),
partially articular (13B), and complete articular (13C). In the present
study, we will only use partially articular fractures in the coronal plane
(13B3) and their respective subdivisions: capitellum fracture (13B3.1),
trochlea fracture (13B3.2), and fracture of both (13B3.3)."?In addition,
we also have the Dubberley et al. classification, which is divided
into: fracture of the capitellum with or without involvement the lateral
trochlear ridge (type I); fracture of the capitellum and trochlea as a
single piece (type Il); fractures of both the capitellum and trochlea as
separate fragments (type Ill). In this classification, they are subdivided
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according to posterior wall comminution: no posterior comminution
(subtype A) and posterior comminution (subtype B).

There are several possibilities for surgical treatment, including open
reduction and internal fixation, closed reduction, fragment excision,
and arthroscopic reduction. However, there is no consensus re-
garding the most appropriate treatment, since distal intra-articular
elbow fractures are difficult to manage both clinically and surgically
with unpredictable outcomes.

We will retrospectively evaluate possible radiographic factors that
correlate better and worse outcomes in operated patients. Among
these factors analyzed, the integrity of the posterior wall and both
isolated or combined involvement of the capitellum and trochlea.
We also evaluated the time to procedure and preoperative immo-
bilization time.

METHODOLOGY

Our work was approved by the ethics and research committee
under code CAAE 78440024.2.0000.5479.

Our study consists of a retrospective and descriptive analysis
based on the review of medical records of consecutive patients who
suffered articular fractures of the distal humerus and underwent
procedure by the Trauma Surgery Group of the Department of
Orthopedics and Traumatology of Santa Casa de S&o Paulo from
January 2007 to January 2024 with at least one year of follow-up.
The Inclusion criteria were adult patients of both genders with elbow
fractures classified as AO 13B3. Patients with pathological bone
fractures, incomplete radiographic data, or incomplete medical
records were excluded from the study, as were those who did not
agree to participate in the study.

Radiographic characteristics of the fracture were analyzed, such
as posterior wall involvement, presence of isolated or combined
fractures of the capitellum and trochlea, as well as other associ-
ated fractures. In addition, patient follow-up included evaluation
of postoperative range of motion and complications presented
by the patients.

For statistical analysis, the Odds Ratio (OR) was calculated, and
Fisher's Exact Test was used to calculate the 95% significance
level (p<0.05).

RESULTS

From 2007 to 2024, 16 patients with fractures classified as AO 13B3
were operated. Regarding the Dubberley et al. classification, eight
patients were classified as type | (two of whom were subtype |B),
four patients as type Il (two were subtype IIB), and four as type llI
(two were subtype lIB).

The average age of the patients was 44 years (26 to 75 years),
with nine female patients. In all cases, a capitellum fracture was
found, and in eight of these, a trochlea fracture was associated.
Other associated fractures included: radial head (three patients),
coronoid process (one patient), and medial and lateral condyle of
the elbow (one patient), as shown in Table 1.

At the end of follow-up, patients presented an average range of
motion of flexion 123° = 20°, extension -25° + 16°, pronation
80° +11°, supination 75° = 20°. We noted that 56% of operated
patients developed elbow stiffness, and evaluating only cases
where the posterior wall was compromised, this number rose to 83%
(OR= 7.5, p = 0.08).

Among patients who had a preoperative immobilization of more
than seven days, 60% developed a restricted range of motion
(OR= 3; p = 0.58) and 30% suffered from ulnar nerve neuropathy
(OR 6; p = 0.09) (Figure 3).

During follow-up, five patients (31%) presented major complica-
tions requiring reoperation: one patient needed synthesis material
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Table 1. epidemiological data of patients with AO 13B3 fracture.

Gender | Age attrauma (years) | Posterior Wall Integrity Dubberley A:;z::.?eid Fl. Ext. Pr. | Sup. Complications
F 39 yes IA N 1100 | -40° | 80° 80° N
M 26 yes IA N 110° -5° 90° 90° N
M 28 yes 1A N 140° 0° 80° 90° N
F 52 no B N 140° -20° 90° 70° SMR
M 31 no IIB radial head 120° -30° 80° 90° N
F 58 no 1B N 130° | -45° | 80° 70° Ulnar n. paresthesia
F 33 yes IIA N 90° -20° | 50° 20° Ulnar n. paresthesia
F 55 yes 1A N 130° -30° 70° 70° N
M 27 no B N 80° -10° | 90° 90° SMR and infection
M 36 yes A Csr:g"ggm‘;zzs 1300 | 100 | 90° | 80° N
M 31 yes IA radial head 125° 0° 90° 90° N
M 75 no IB mﬁ:""c':n’&e 1000 | 200 | 902 | 90 N
F 53 no 1113] N 130° | -40° | 80° 70° Ulnar n. paresthesia
F 62 yes IA N 130° -40° 70° 40° N
F 38 yes 1A N 140° -25° 80° 80° N
F 66 yes A N 130° -20° 70° 80° N

Source: SAME Medical Records Data - Santa Casa de S&o Paulo. Legend: M=male, F=female, N=none, SMR = synthesis material removal, ulnar n.=ulnar nerve, Fl.=flexion, Ext.=extension,

Pr.=pronation, Sup.=supination.

Source: Authors’ image file.

Figure 3. Patient No.15 with seven months of postoperative follow-up.

removal (SMR) to gain range of motion, one patient needed
SMR due to infection, and three patients had postoperative ulnar
nerve paresthesia (Figure 4).

DISCUSSION

Patients with combined capitellum and trochlea fractures (Dubberley
type Il and Ill) did not show a worse functional prognosis when
compared to those with isolated capitellum fractures (Dubberley
type I). This fact surprised us, given that the articular surface was
compromised in both the medial and lateral columns, and including
the trochlea, which truly serves as a guide for flexion and extension.
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This highlights a greater importance of the ulnohumeral joint in this
movement, and not only in pronation and supination (Figure 5).

Hildebrand et al. '® proposed that due to hypertrophy of the anterior
portion of the joint related to a greater distribution of myofibroblasts
in this region, extension, when compared to flexion, would be the
most compromised movement. However, in our study, flexion was

Source: SAME - Santa Casa de Sao Paulo tomographic archives.

Figure 4. Computed tomography images demonstrating a fracture with
preservation of the posterior wall integrity (A) and with posterior wall
involvement (B), respectively.

Source: SAME - Santa Casa de Sao Paulo radiographic archives.

Figure 5. Radiographic images showing isolated capitellum fracture
(A) and associated capitellum and trochlea fracture (B), respectively.
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the most significant alteration in the range of motion. Among the
evaluated patients, 67% demonstrated restriction to flexion, whereas
none of the evaluated patients developed restriction to pronation.
The relationship between preoperative posterior wall integrity
and a worse final range of motion in patients exists and may be
related to the blood supply of the capitellum and trochlea, which
arises from perforating vessels of the posterior condyle, potentially
associated with partial devascularization and non-union.* We also
considered the importance of fixation in at least two planes was
necessary in these situations, as a smaller anterior-to-posterior
fixation as well as the other way around would not stabilize this
fracture sufficiently (Figure 6).

During follow-up, the most frequent complication was elbow stiff-
ness, followed by ulnar nerve neuropathy.

An association of ulnar nerve neuropathy with males has been de-
scribed in the literature due to the presence of anatomical changes,

Source: SAME - Santa Casa de Sao Paulo radiographic archives.

Figure 6. Radiographic images showing fracture fixed in two planes
(A) and fracture fixed in only one plane (B), respectively.

CONTRIBUTIONS OF THE AUTHORS

such as a larger coronoid process, thicker cubital tunnel retinacu-
lum, and lack of adipose tissue around the cubital tunnel, making
them more susceptible to nerve compression.™ Despite this, all
patients in our study who developed this complication were females
(OR=8.08; p = 0.09). Immobilization time until the procedure with
the elbow flexed at 90° was a risk factor for developing this type of
complication, corroborating the relationship previously described
in the literature, and all patients who developed ulnar neuropathy
had prolonged immobilization time.'*

Prolonged preoperative immobilization also showed a significant
correlation with the recovery of range of motion during the postop-
erative period, demonstrating and proving the importance of early
mobilization, including immediate postoperative passive movement,
aiding in the drainage of articular and periarticular fluids.

We cite here the absence of data regarding postoperative immo-
bilization time in some patients as a limiting factor of the study,
as it was not possible to establish any relationship with this fact.
Among the patients who underwent olecranon osteotomy during
surgical approach, 60% of them developed elbow stiffness
(OR=1.25;p = 1).

CONCLUSION

Our study demonstrated that, although combined capitellum and
trochlea fractures did not present a worse functional prognosis
when compared to isolated capitellum fractures, posterior wall
integrity proved to be a significant factor in the final range of motion.
It was also possible to observe, despite the absence of statistical
significance, a greater tendency for the occurrence of ulnar nerve
neuropathy in women. Likewise, a propensity for ulnar nerve neu-
ropathy in patients with prolonged immobilization time, despite
the absence of statistical significance. However, both could be
confirmed with larger samples.
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ANTERIOR DELTOID THICKNESS AND MUSCLE QUALITY DO NOT
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FOR PROXIMAL HUMERAL FRACTURES
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ABSTRACT

Objective: To evaluate whether anterior deltoid thickness and deltoid
fatty degeneration measured on postoperative MRI are associated
with functional recovery and complications after locking-plate ORIF
for proximal humeral fractures. Methods: Exploratory secondary
analysis of data from a single-center institutional randomized clinical
trial. Patients aged =60 years treated with ORIF were eligible; del-
toid analyses were restricted to those with a 6-month postoperative
shoulder MRI. Anterior deltoid thickness (mm) was measured on axial
MRI using a standardized technique, and deltoid muscle quality was
graded semi quantitatively as no fatty degeneration, <50%, or =50%
fatty degeneration. The primary outcome was ASES score at 3, 6, 12,
and 24 months, analyzed using linear mixed-effects models with a
participant-level random intercept and categorical time. Complications
through 24 months and full-thickness rotator cuff tear on the 6-month
MRI were assessed using logistic regression and exact tests for
categorical comparisons. Results: In the MRI subset (n=25), anterior
deltoid thickness was not significantly associated with longitudinal
ASES scores (3=1.93 per mm; 95%Cl —2.21 to 6.07; p=0.360). ASES
scores improved progressively over follow-up. Deltoid fatty degenera-
tion and rotator cuff tear showed directional trends toward higher odds
of complications. Conclusions: In older patients undergoing ORIF for
proximal humeral fractures, mid-term postoperative deltoid morphol-
ogy did not predict functional recovery through 24 months and was
not consistently associated with complications. Level of Evidence II;
Prognostic study (secondary analysis; observational cohort).

Keywords: Shoulder Fractures; Fracture Fixation, Internal; Deltoid
Muscle; Magnetic Resonance Imaging; Rotator Cuff; Treatment
Outcome.

RESUMO

Objetivo: Avaliar se a espessura do deltoide anterior e a degeneragdo
gordurosa do deltoide, mensuradas na ressonancia magnética (RM)
pOs-operatdria, Se associam a recuperagao funcional e as complica-
¢6es apds osteossintese com placa bloqueada (ORIF) em fraturas
proximais do Umero. Métodos: Andlise secundaria exploratdria de um
ensaio clinico randomizado institucional. Foram incluidos pacientes
=60 anos tratados com ORIF e com RM do ombro aos 6 meses
(subconjunto para analise de morfologia do deltoide). A espessura
do deltoide anterior foi medida em corte axial (mm) conforme técnica
padronizada. A qualidade muscular foi classificada por degeneracao
gordurosa semiquantitativa (sem, <50%, =50%). O desfecho primario
foi 0 escore ASES aos 3, 6, 12 e 24 meses, analisado por modelos
lineares de efeitos mistos com intercepto aleatorio. Complicagdes
até 24 meses e lesdo do manguito rotador na RM de 6 meses foram
analisadas por regressédo logistica e testes exatos. Resultados: No
subconjunto com RM (n=25), n&o houve associagao significativa entre
espessura do deltoide e ASES ao longo do seguimento (8=1,93 por
mm; IC95% —2,21 a 6,07; p=0,360). O ASES aumentou progressi-
vamente ao longo do tempo. Degeneragdo gordurosa e leséo do
mangquito mostraram tendéncia a maior chance de complicagbes
sem significancia estatistica. Conclusdes: Em pacientes idosos
submetidos a ORIF, a morfologia do deltoide aos 6 meses n&o previu
recuperagéo funcional até 24 meses e ndo se associou de forma
consistente a complicagées. Nivel de Evidéncia Il; Tipo de Estudo:
Estudo progndstico (analise secundaria; coorte observacional).

Descritores: Fraturas do Ombro; Fixag&o Interna de Fraturas; Mus-
culo Deltoide; Imageamento por Ressonancia Magnética; Manguito
Rotador; Resultado do Tratamento.
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INTRODUCTION

Proximal humeral fractures commonly affect older adults and represent
asignificant cause of pain, disability, and healthcare resource utilization'.
Open reduction and internal fixation (ORIF) is frequently employed,
especially in biologically active patients and those with reconstructable
fracture patterns?. Although surgical techniques and implant designs
have advanced, functional outcomes after ORIF remain variable, and
accurate prediction of postoperative recovery remains difficult®.
Muscle morphology has emerged as an important determinant
of shoulder function following surgical intervention, particularly in
reverse shoulder arthroplasty. In this context, the deltoid muscle
plays a central biomechanical role by compensating for rotator cuff
deficiency and acting as the primary motor of shoulder elevation.
Studies have demonstrated associations between deltoid size
or muscle quality and postoperative functional outcomes after
reverse shoulder arthroplasty*. More recently, Lie et al®. proposed
areproducible MRI-based method for measuring deltoid thickness
and reported that greater deltoid thickness was associated with
improved functional recovery following reverse shoulder arthroplasty.
These findings have generated interest in the potential role of deltoid
morphology as a prognostic marker in shoulder surgery. However,
it is crucial to recognize that the biomechanical advantages of
deltoid-driven compensation in arthroplasty do not necessarily
apply to fracture fixation procedures such as ORIF. While arthro-
plasty relies on the deltoid for primary function due to rotator cuff
deficiencies®, ORIF emphasizes fracture healing and rotator cuff
integrity, potentially diminishing the impact of deltoid morphology.
The prognostic relevance of anterior deltoid thickness and muscle
quality in patients undergoing ORIF for proximal humeral fractures
remains unclear. Unlike reverse shoulder arthroplasty, ORIF relies on
fracture healing, tuberosity restoration, and maintained or recover-
able rotator cuff function, potentially diminishing the significance of
deltoid morphology’. To our knowledge, no longitudinal studies have
examined the association between deltoid muscle characteristics
and functional recovery after ORIF.

This study aimed to evaluate the association between anterior
deltoid thickness and muscle quality, as measured by MRI, and
postoperative functional outcomes and complication rates following
ORIF for proximal humeral fractures. The hypothesis was that greater
deltoid thickness and higher muscle quality would be associated
with improved functional recovery.

METHODS

Study design and setting

This study is an exploratory secondary analysis of data derived
from a previously conducted institutional randomized clinical trial
performed at a single tertiary referral centre® The present analysis
was undertaken to explore the potential prognostic value of anterior
deltoid muscle thickness and quality for postoperative functional
outcomes and complication rates among patients treated surgically
with open reduction and internal fixation (ORIF). No analyses related
to deltoid morphology were prespecified in the original trial protocol,
and no sample size calculation was performed for the present study.
The study was conducted in accordance with institutional ethical
standards, and all participants in the original randomized trial
provided written informed consent.

Participants

Patients enrolled in the original randomized clinical trial who un-
derwent ORIF for acute proximal humeral fractures were eligible.
For the purposes of this exploratory analysis, inclusion addition-
ally required the availability of 6 months’ postoperative shoulder
magnetic resonance imaging (MRI) to assess deltoid morphology.

Acta Ortop Bras.2026;34(Spe.2):e305689

Patients without available postoperative MRI were excluded from
analyses involving deltoid thickness or fatty degeneration but
were retained in descriptive summaries and longitudinal outcome
analyses when applicable. Fractures were classified according to
the Neer classification system.

Surgical Procedure

All surgical procedures were performed by a single experienced
shoulder surgeon with over 15 years of training. Patients were
positioned in the beach-chair position under general anaesthesia,
typically combined with an interscalene brachial plexus block, in
accordance with institutional protocols. A standard deltopectoral
approach was used in all cases, with neither the anterolateral nor
transdeltoid approach employed. Blunt dissection was performed
through the deltopectoral interval, preserving the deltoid origin and
insertion, and ensuring meticulous handling of the soft tissues. Frac-
ture fragments were identified and reduced under direct visualization
and fluoroscopic guidance. Sutures were placed through the rotator
cuff as required for tuberosity control, followed by fixation with a
proximal humerus locking plate in accordance with established
principles of plate osteosynthesis. Plate position, screw length,
and humeral head alignment were confirmed intraoperatively using
fluoroscopy. The rotator cuff was secured to the plate according
to standard practice. When indicated, concomitant procedures
such as long head of the biceps tenodesis at the pectoralis major
level were performed at the surgeon’s discretion and documented.

Variables

The primary exposures were anterior deltoid muscle thickness
and deltoid fatty degeneration, both assessed on the 6-month
postoperative shoulder MRI. Variables collected from the parent
randomized trial and summarized for the present cohort (Table 1)
included demographic and clinical characteristics (age, sex,
smoking status, and comorbidities including diabetes mellitus,
hypertension, and depression) and fracture-related parameters
(Neer classification [types 2—4] and number of fracture fragments
[2-, 3-, or 4-part]). Additional postoperative variables summarized
in Table 1 included the presence of a rotator cuff tear (yes/no) and
any postoperative complication (yes/no), as defined below.

Assessment of anterior deltoid thickness and muscle quality

Anterior deltoid thickness was assessed on postoperative shoul-
der MRI using the standardized and reproducible technique de-
scribed(5). Measurements were obtained on axial MRl sequences
at a consistent anatomical level corresponding to the midportion
of the anterior deltoid muscle belly, where the muscle was clearly
visualized and separated from adjacent structures. Deltoid thickness
was defined as the maximum perpendicular distance between the
superficial and deep margins of the anterior deltoid, measured
orthogonally to the muscle fibers. All measurements were recorded
in millimeters and analyzed as a continuous variable.

Deltoid muscle quality was evaluated through visual assessment of
fatty infiltration on axial MRl images. Fatty degeneration was graded
semiquantitatively using a system modeled after the MRI-based Fuchs
classification of fatty infiltration(9), adapted for the deltoid muscle.
Based on the estimated proportion of fatty infiltration within the muscle
belly, deltoid degeneration was classified as no fatty degeneration,
less than 50% fatty degeneration, or 50% or greater fatty degeneration.

Rotator cuff tear

Rotator cuff integrity was assessed on the 6-month postoperative
shoulder MRI. A rotator cuff tear was defined as the presence of
at least one full-thickness tear involving any rotator cuff tendon
(supraspinatus, infraspinatus, subscapularis, or teres minor). Tears
were coded as a binary variable for analysis.
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Outcomes

The primary outcome was shoulder function measured with the
adapted American Shoulder and Elbow Surgeons (ASES) score'?,
collected at 3, 6, 12, and 24 months postoperatively (0-100 scale;
higher scores indicate better function).

Postoperative complications were recorded prospectively during
follow-up. A complication was defined as any adverse event attribut-
able to the index fracture fixation and postoperative course, including
infection or wound complications, implant- or fixation-related failure
(e.g., loss of reduction, screw perforation, plate failure), malunion
or nonunion, humeral head avascular necrosis, and neurovascular
complications. Reoperation related to the index procedure (including
implant removal or revision surgery) was considered a complication.
For analysis, complications were treated as a binary outcome
indicating occurrence at any time through 24 months.

Statistical analysis

Baseline characteristics were described using means with standard
deviations (or medians with interquartile ranges when appropri-
ate) for continuous variables and counts with percentages for
categorical variables.

To examine whether anterior deltoid morphology was associated
with postoperative recovery, we fitted linear mixed-effects models'!
with ASES score(10) as the repeated outcome measured at 3, 6,
12, and 24 months after surgery. Follow-up time was handled as
a categorical variable to avoid assuming a linear recovery pattern.
We specified two mixed-model frameworks. One used anterior
deltoid thickness (mm) as the exposure, with fixed effects for time
and a time-by-thickness interaction to assess variation across
follow-up. The other used deltoid fatty degeneration (no degen-
eration, <560%, =50%) as the exposure, with fixed effects for time
and a time-by-degeneration interaction. Each model included a
participant-level random intercept to account for within-individual
correlation. Alternative random-effects structures, including random
slopes, were explored. Models were estimated using restricted
maximum likelihood. Effects are reported as 3 coefficients with
95% confidence intervals and two-sided p-values.

Associations with any postoperative complication were evaluated
using logistic regression, reporting odds ratios with 95% confi-
dence intervals. Univariable models examined complications in

relation to deltoid fatty degeneration category and rotator cuff tear
(yes/no) identified on the 6-month MRI. Because the MRI subset
was small and sparse cells were anticipated, relationships between
categorical MRI variables were evaluated using exact methods;
specifically, Fisher’s exact test was used when appropriate rather
than relying on asymptotic chi-square assumptions.

No formal sample-size calculation was performed for this sec-
ondary analysis; analyses were limited to participants available
from the parent randomized trial. Logistic regression models for
complications were specified parsimoniously a priori to reduce
overfitting given the limited number of events, and exact tests were
used for categorical comparisons when appropriate. Analyses
followed a complete-case approach without imputation. All tests
were two-sided, with p-values reported descriptively. Analyses
were performed in Stata 19 (StataCorp, College Station, TX, USA).

RESULTS

Atotal of 43 patients were screened for inclusion in this secondary
analysis. Of these, 31 were selected, and 25 underwent postoper-
ative MRI allowing assessment of anterior deltoid muscle quality;
these 25 patients comprised the analytic cohort for deltoid-related
variables. Six selected patients did not undergo MRI and were
therefore excluded from analyses involving deltoid measurements.
Baseline characteristics stratified by anterior deltoid fatty degener-
ation (no degeneration, n = 6; <50% degeneration, n = 10; =50%
degeneration, n = 9) are shown in Table 1. In this cohort (N = 25),
mean age was 68.4 = 5.3 years and most patients were female
(23/25, 92%). There were no significant differences across degen-
eration groups in age, sex, smoking status, diabetes, hypertension,
depression, Neer classification, or number of fracture fragments
(allp > 0.05). In contrast, anterior deltoid thickness differed markedly
across groups, decreasing with increasing fatty degeneration
(9.0 = 1.2 mm in the no-degeneration group vs 6.0 = 0.8 mm in the
=>50% group; p < 0.001). The distribution of clinical comorbidities,
including smoking status, diabetes mellitus, hypertension, and
depression, was also comparable between groups. Differences
were observed in fracture-related characteristics: patients with
higher degrees of deltoid fatty degeneration had a greater propor-
tion of Neer type 4 fractures and a higher frequency of fractures

Table 1. Baseline characteristics according to anterior deltoid fatty degeneration.

Characteristic Overall (N=25) | No degeneration (n=6) | <50% degeneration (n=10) | =50% degeneration (n =9) p-value*
Age, years 684 5.3 65.0 3.6 68.8 6.0 699 6.4 0.325
Female Sex, n (%) 23(92.0) 5(83.3) 9(90.0) 9 (100) 0.700
Smoking, n (%) 3(12.0) 1(16.7) 1(10.0) 1(11.1) 1.000
Diabetes mellitus, n (%) 8 (32.0) 2(33.3) 2(20.0) 4(44.4) 0.494
Hypertension, n (%) 14 (56.0) 4(66.7) 4 (40.0) 6 (66.7) 0.523
Depression, n (%) 1(4.0) 0(0.0) 0(0.0) 1(11.1) 0.600
Neer classification™, n (%) 0.408
Type 2 7 (28.0) 2(33.3) 3(30.0) 2(22.2)
Type 3 6 (24.0) 3(50.0) 2(20.0) 1(11.1)
Type 4 12 (48.0) 1(16.7) 5 (50.0) 6 (66.7)
Number of fracture
fragments™*, n (%) 0292
2 fragments 5(20.0) 2(33.3) 1(10.0) 2(22.2)
3 fragments 7 (28.0) 3(50.0) 3(30.0) 1(11.1)
4 fragments 13 (52.0) 1(16.7) 6 (60.0) 6 (66.7)
Anterior deltoid thickness, mm 76 17 9.0 1.2 82 1.2 6.0 0.8 <0.001

Values are reported as mean = standard deviation for continuous variables and as n (column percentage) for categorical variables. Deltoid fatty degeneration was graded on the 6-month postoperative
MRI and categorized as no fatty degeneration, <50% fatty degeneration, or =50% fatty degeneration. *P-values reflect comparisons across deltoid degeneration categories: continuous variables

were tested with Kruskal-Wallis, and categorical variables with Fisher's exact test. **(12), ***(13)
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involving four fragments, whereas patients without degeneration
more commonly presented with less complex fracture patterns.

Table 2 summarizes postoperative events in the MRI subset (h=25)
stratified by deltoid fatty degeneration. Overall, any complication
occurred in 11 patients (44%). Event rates were numerically higher
with increasing fatty degeneration—for example, any complication
rose from 33.3% in patients without degeneration to 55.6% in those
with =50% degeneration, and rotator cuff tear increased from 16.7%
to 44.4% across the same categories. Osteonecrosis was observed
in 12.0% overall and occurred only in patients with some degree
of fatty degeneration. However, no between-group differences
reached statistical significance (all Fisher’s exact p-values > 0.60).

Effect of deltoid thickness on ASES scores

The association between anterior deltoid thickness and longitudinal
ASES scores was evaluated using linear mixed-effects models, with
follow-up time treated as a categorical variable and patient-spe-
cific random intercepts to account for repeated measurements.
All available ASES observations across follow-up were included
in the analysis.

In the overall cohort, anterior deltoid thickness was not significantly
associated with ASES scores over time (3 = 1.93 per mm; 95%
Cl —2.21 t0 6.07; p = 0.360; Table 3). In contrast, follow-up time
demonstrated a strong association with functional improvement.
Compared with the 3-month reference, mean ASES scores in-
creased by 11.4 points at 6 months, 16.1 points at 12 months, and
20.8 points at 24 months, with all time contrasts reaching statistical
significance (p < 0.01; Table 3). Predicted ASES trajectories stratified
by deltoid fatty degeneration similarly demonstrated progressive
improvement over time across all groups, with relatively stable
differences between degeneration categories (Figure 1).

Postoperative Complication

In univariable logistic regression restricted to the MRI subset (n=25),
neither deltoid fatty degeneration nor rotator cuff tear demonstrated
a statistically significant association with postoperative complications
(Table 4). Compared with no fatty degeneration, the odds of compli-
cations were higher in patients with <50% degeneration (OR 1.33)
and =50% degeneration (OR 2.50), but estimates were imprecise with
wide confidence intervals. Rotator cuff tear was also associated with
higher odds of complications (OR 3.06), although this did not reach
statistical significance. As shown in Table 4, the direction of effect
estimates was consistently toward increased odds of complications
with greater deltoid degeneration and in the presence of a rotator
cuff tear, but the small MRI sample limited precision. Deltoid fatty
degeneration and rotator cuff tear showed only a weak, nonsignificant
positive association (Spearman’s p = 0.23; p = 0.27)

DISCUSSION

In this exploratory secondary analysis of older patients undergoing
open reduction and internal fixation (ORIF) for displaced proximal
humeral fractures, anterior deltoid thickness and deltoid fatty de-
generation measured on the 6-month postoperative MRI were

Table 2. Postoperative events stratified by deltoid fatty degeneration.

Table 3. Linear mixed-effects model for ASES scores over time.

Variable B coefficient 95% CI p-value

Anterior deltoid thickness (per mm) 1.93 —2.21106.07 | 0.360
Time (ref: 3 months)

6 months 11.44 4,08 to 18.81 0.002

12 months 16.09 8.721023.45 | <0.001

24 months 20.84 13.481028.21 | <0.001

Intercept 43.14 10.68to 75.61 | 0.009

Random-effects variance
Component Variance (95% Cl)

Patient-level random intercept 251.15 (130.58-483.08)

176.40 (128.08-242.94)

Residual

Values represent fixed-effect estimates from a linear mixed-effects model with patient-specific
random intercepts. Follow-up time was modelled as a categorical variable with 3 months as the
reference category. B coefficients represent mean differences in the ASES score. Cl indicates
confidence interval.

Linear mixed-effects model with patient-level random intercepts
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Figure 1. Predicted ASES trajectories over time according to deltoid fatty
degeneration category are illustrated in Figure A. Across all categories,
ASES scores increased progressively with follow-up, while differences
between degeneration groups remained relatively stable over time.

Table 4. Univariable logistic regression for any postoperative complication
(MRI subset, n=25).

Predictor OR 95% Cl p
Deltoid fatty degeneration
(ref: No degeneration)
L <50% vs none 1.33 0.16-11.07 | 0.790
L >50% vs none 250 | 0.29-21.40 | 0.403
Rotator cuff tear (Yes vs No) 3.06 | 0.53-17.46 | 0.209

Reports univariable logistic regression models with any postoperative complication (yes/no) as
the dependent variable, restricted to the MRI subset (n=25). Effect estimates are presented as
odds ratios (ORs) with 95% confidence intervals (Cls).

Outcomes Total (n=25) No degeneration(n=6) | <50% degeneration(n=10) =50% degeneration (n=9) p-value*
Infection 1(4.0) 0(0.0) 0(0.0) 1(11.1) 0.600
Malunion 2(8.0) 0(0.0) 1(10.0) 1(11.1) 1.000

Osteonecrosis (any) 3(12.0) 0(0.0) 2(20.0) 1(11.1) 0.765
Any complication 11 (44.0) 2(33.3) 4 (40.0) 5 (55.6) 0.679
Rotator cuff tear 8(32.0) 1(16.7) 3(30.0) 4 (44.4) 0.657

Values are presented as n (column percentage). Deltoid fatty degeneration categories were defined on the 6-month postoperative MRI as no fatty degeneration, <50% fatty degeneration, or =50%
fatty degeneration. Rotator cuff tear was defined as the presence of at least one full-thickness tear of any rotator cuff tendon on the same MRI. *P-values are from Fisher’s exact test comparing

proportions across deltoid degeneration categories.

Acta Ortop Bras.2026;34(Spe.2):e305689

<< SUMARIO

Page 4 of 6



not significantly associated with longitudinal functional recovery
through 24 months. Although ASES scores improved substantially
over time, deltoid morphology did not demonstrate a consistent
independent relationship with recovery trajectories. These findings
suggest that deltoid morphology—at least as captured on mid-term
postoperative MRI—has limited incremental value for explaining
recovery after ORIF.

Notably, the cohort was predominantly female (23/25, 92%), which
provides a more focused, sex-homogeneous sample. This likely
reduced between-patient variability related to sex-specific differ-
ences in muscle composition and recovery, thereby strengthening
the internal consistency of the findings—although it may limit gen-
eralizability to male patients.

These results differ from the arthroplasty literature, particularly
reverse shoulder arthroplasty (RSA), where deltoid morphology
has a clearer mechanistic role®. In RSA, the deltoid becomes the
primary driver of elevation and stability, and MRI-based studies have
reported associations between greater anterior deltoid thickness and
improved postoperative outcomes. In contrast, ORIF is intended to
restore native anatomy and relies more heavily on fracture healing,
alignment, restoration of tuberosity position, rotator cuff function,
and rehabilitation progression''5. In addition, functional outcomes
after ORIF appear more tightly linked to fracture pattern, the quality
of reduction and fixation, and mechanical complications'.
Rotator cuff integrity is also clinically relevant in this setting. Con-
comitant rotator cuff pathology is common after proximal humeral
fractures and may contribute to persistent pain, weakness, and
limited recovery despite fracture union. MRI-based cohorts have
suggested that tears present at injury and those identified during
follow-up can be associated with worse functional outcomes in
some populations'®. However, the clinical impact remains debated:
other studies have found that postoperative outcomes can still
be satisfactory and are not consistently influenced by the pres-
ence of rotator cuff tears'. In the present study, rotator cuff tears
identified on the 6-month MRI showed a directional trend toward
higher complication odds. Still, estimates were imprecise and not
statistically significant.

Surgical approach is an important interpretive consideration when
evaluating studies linking deltoid morphology to outcomes. Del-
toid-splitting/anterolateral exposures have theoretical advantages for
fragment visualization'®. Still, they involve direct manipulation near
the axillary nerve and the deltoid muscle and have historically raised
concern about iatrogenic denervation or deltoid dysfunction'®. A
retrospective study suggests that anterolateral approaches can be
safe in selected settings, with low rates of clinically evident axillary
nerve deficit, although malunion and subacromial impingement

CONTRIBUTIONS OF THE AUTHORS

remain important reported complications®. By design, all fixations
in the present study were performed through a deltopectoral ap-
proach?®, reducing the likelihood that postoperative deltoid atrophy
or fatty degeneration reflected approach-related denervation and
strengthening the inference that deltoid morphology—at least as
assessed at 6 months—was not a major driver of recovery after ORIF.
Several additional methodological considerations should be ac-
knowledged. Assessing deltoid morphology at 6 months after
surgery restricts its value as a strictly “prognostic” factor. Thickness
and fatty degeneration at this time point may reflect postoperative
disuse, pain inhibition, immobilization, complications, or adherence
to rehabilitation rather than baseline muscle biology. Second, the
MRI subset was small, leading to wide confidence intervals and
limited power to detect modest effects, particularly for complication
analyses. Third, we used a semiquantitative grading system for
deltoid fatty degeneration, modeled after established MRI-based
fatty infiltration frameworks that have demonstrated clinical relevance
and reproducibility in the shoulder musculature®; however, nondif-
ferential misclassification remains possible?'. Finally, because of
the limited number of participants and events, covariate adjustment
was intentionally parsimonious, and residual confounding cannot
be excluded.

Clinically, these findings suggest that routine mid-term MRI as-
sessment of anterior deltoid thickness or fatty degeneration is
unlikely to improve prognostication after ORIF of proximal humeral
fractures meaningfully. Greater emphasis should remain on fracture
characteristics, reduction and fixation quality, tuberosity healing,
rotator cuff integrity, and structured rehabilitation. More broadly,
the results reinforce the clinical relevance of muscle morphology,
which is procedure-specific, appearing substantially greater in
arthroplasty-based reconstructions than in fracture fixation. Future
studies incorporating preoperative or early postoperative muscle
assessments, quantitative imaging approaches, and larger cohorts
are warranted to clarify whether deltoid characteristics have any
early prognostic utility after fracture fixation.

CONCLUSION

In patients treated with open reduction and internal fixation for
proximal humeral fractures, preoperative anterior deltoid thickness
and muscle quality on MRI did not correlate with functional out-
comes or complications. While function improved over time, deltoid
morphology had no independent prognostic value, unlike in reverse
shoulder arthroplasty. These results suggest that fracture- and
biology-related factors have a greater impact on recovery. Larger
studies using quantitative MRI may help further clarify the role of
muscle in fracture healing.
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ABSTRACT

Introduction: Adhesive capsulitis is a musculoskeletal condition
characterized by shoulder pain and progressive restriction of
motion. Although most cases respond to conservative manage-
ment, some remain refractory and require surgical intervention.
Obijective: To evaluate the functional outcomes of arthroscopic
capsular release in patients with refractory adhesive capsulitis.
Methods: This retrospective observational study analyzed medical
records of 10 patients who underwent shoulder arthroscopy
between 2005 and 2025. Clinical and demographic variables,
pre- and postoperative range of motion, and Shoulder Pain and
Disability Index (SPADI) scores were collected. Results: The
mean age was 62.3 + 9.5 years, with a predominance of females
(90%). According to Zuckerman’s classification, four cases were
primary (idiopathic), while six were secondary. An improvement
was observed in anterior elevation (119.2° to 141.7°) and external
rotation (28.8° to 59.2°). Postoperatively, all patients presented
SPADI scores = 20, consistent with minimal pain/disability, re-
flecting satisfactory functional recovery. Conclusion: Arthroscopic
capsular release proved to be effective and safe in improving
function in patients with refractory adhesive capsulitis, even in
the presence of comorbidities and associated lesions. Level of
Evidence IV; Retrospective observational study.

Keywords: Adhesive Capsulitis; Frozen Shoulder; Arthroscopy;
Capsular Release.

RESUMO

Introducéo: A capsulite adesiva € uma condicao musculoesquelé-
lica caracterizada por dor e limitagéo progressiva da amplitude de
movimento do ombro. Embora a maioria dos casos responda ao
tratamento conservador, parte evolui de forma refrataria, demandando
intervencéo cirtrgica. Objetivo: Avaliar os resultados funcionais
da liberagao capsular artroscdépica em pacientes com capsulite
adesiva refrataria ao tratamento conservador. Métodos: Estudo
observacional retrospectivo, com analise de prontuarios de 10
pacientes submetidos a artroscopia do ombro entre 2005 e 2025.
Foram coletadas variaveis clinicas e demograficas, amplitude de
movimento pré e pds-operatdria e escores do Shoulder Pain and
Disability Index (SPADI). Resultados: A média de idade foi 62,3 = 9,5
anos, com predominio do sexo feminino (90%). Pela classificagéo de
Zuckerman, quatro casos foram classificados como primarios e seis
como secundarios. Observou-se melhora da elevagéo anterior (119,2°
para 141,7°) e da rotagéo lateral (28,8° para 59,2°). No pds-operatdrio,
todos os pacientes apresentaram escores SPADI < 20, indicando
dor e incapacidade minimas e recuperacédo funcional satisfatéria.
Concluséo: A liberagéo capsular artroscopica mostrou-se eficaz e
segura para restaurar fungdo em pacientes com capsulite adesiva
refrataria, mesmo na presenga de comorbidades e lesées associadas.
Nivel de Evidéncia IV: Estudo observacional retrospectivo.

Descritores: Capsulite Adesiva; Ombro Congelado; Artroscopia;
Liberagao Capsular.

Citation: Bortolin DP, Silva IM, Barbe RB, Leal RB, Nascimento DW, Simmer Filho J. Functional assessment after arthroscopic shoulder release in
adhesive capsulitis. Acta Ortop Bras. [online]. 2026;34(Spe.2): Page 1 of 5. Available from URL: http://www.scielo.br/aob.

INTRODUCTION

Adhesive capsulitis, also known as “frozen shoulder,” is a muscu-
loskeletal condition characterized by inflammation and progressive
fibrosis of the glenohumeral joint capsule, resulting in pain, stiff-
ness, and restricted range of motion. From a pathophysiological
perspective, the disease begins with synouvitis, followed by capsular
fibrosis and contracture. Histologically, fibroblast proliferation and
increased capsular collagen are observed, leading to thickening

and adherence of the capsule, particularly in the anteroinferior
and axillary regions'. Clinically, adhesive capsulitis progresses
through three phases: painful (or inflammatory), stiff (or freezing),
and resolution, and may last for more than two years. Even after
clinical improvement, up to 40% of patients may continue to present
some degree of functional limitation.?*

Although most patients show favourable outcomes with conservative
treatment, a significant proportion persist with pain and marked
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restriction of joint mobility, especially during the stiff phase. In such
cases, persistent functional disability compromises quality of life
and requires more invasive therapeutic alternatives.®

Adhesive capsulitis affects between 2% and 5% of the general
population, being more common in women between 40 and 60
years of age and, in most cases, involving the nondominant limb.®
Systemic conditions such as diabetes mellitus and hypothyroidism
increase the risk of developing the disease and are associated
with greater severity, poorer prognosis, and higher recurrence
rates after treatment.”®

Conservative management includes physical therapy, analge-
sics, intra-articular corticosteroid injections, hydrodilatation, and
suprascapular nerve blocks.® However, when such measures fail,
surgical intervention becomes necessary. Arthroscopic capsular
release, often associated with manipulation under anesthesia, is
considered an effective therapeutic option in these cases. Studies
have demonstrated that this procedure provides significant pain
relief, marked improvement in range of motion, and sustained
functional recovery in the long term.'0-2

Despite the widespread use of arthroscopy in the management of
adhesive capsulitis, gaps remain regarding the functional impact
of this intervention across different populations. The adoption of
validated scores, such as the Shoulder Pain and Disability Index
(SPADI), allows for an objective and reproducible assessment of
the procedure’s effects on pain and functional disability. Therefore,
investigating the outcomes of arthroscopic capsular release in
our setting is relevant to expand clinical evidence and support
decision-making in patient’s refractory to conservative therapies.
The aim of this study is to retrospectively evaluate the efficacy of
arthroscopic capsular release in patients with adhesive capsulitis
unresponsive to conservative treatment, through the comparison
of pre- and postoperative ranges of motion and functional analysis
using the SPADI score.

Our hypothesis is that 360° arthroscopic capsular release provides
significant improvements in range of motion and pain reduction,
resulting in enhanced postoperative functional scores.

METHODS

This is a retrospective, observational, and descriptive study
based on the review of medical records of patients diagnosed
with idiopathic adhesive capsulitis who underwent arthroscopic
surgery between 2005 and 2025. The study was approved by the

Research Ethics Committee of Universidade Vila Velha (UVV/ES),
under protocol CAAE: 82335924.8.0000.5064, in accordance with
national ethical guidelines.

Atotal of 645 medical records of patients diagnosed with adhesive
capsulitis were reviewed. Of these, 23 patients had undergone
arthroscopic capsular release of the shoulder due to refractoriness
to clinical treatment after at least six months, either because of
persistent pain during this period or lack of improvement in the
range of motion of the affected shoulder over the previous 90
days. However, only 10 patients met the inclusion criteria and were
deemed eligible for the study (Figure 1).

The inclusion criteria comprised patients with a clinical and imaging
diagnosis consistent with adhesive capsulitis, classified as primary
or secondary according to Zuckerman, refractory to conservative
treatment for at least six months, who underwent arthroscopic
capsular release and had documented postoperative follow-up.
In addition, the availability of complete data on range of motion
and SPADI scores in the postoperative period was mandatory.
Exclusion criteria included incomplete medical records or a history
of previous surgery on the affected shoulder.

The classification proposed by Zuckerman divides adhesive capsu-
litis into two major groups: primary (or idiopathic) and secondary.'3
The primary form is characterized by the absence of an apparent
cause or association with other diseases and is attributed to an
inflammatory and fibrotic process of the joint capsule, whose
etiology remains poorly understood. The secondary form, in turn,
results from an identifiable cause or is associated with other clinical
conditions. Within this group, three subtypes are distinguished: (i)
intrinsic, when related to shoulder disorders such as rotator cuff
tendinopathies, long head of the biceps tenosynovitis, shoulder
fractures, bursitis, or acromioclavicular osteoarthritis; (ii) extrinsic,
when associated with conditions distant from the shoulder, including
wrist and hand fractures, central or peripheral nervous system dis-
eases (such as stroke, epilepsy, or nerve injuries of the upper limb),
cervical spine disorders with or without radiculopathy, as well as
cardiac (myocardial ischemia) and pulmonary diseases (chronic
lung disease or apical tumors); and (iii) systemic, when associated
with metabolic or endocrine disorders, such as diabetes mellitus and
thyroid dysfunction. This classification is valuable both for clinical
characterization and for guiding therapeutic decision-making.'3
Clinical and demographic variables were collected, including sex
and age; limb dominance and affected side; comorbidities (dia-
betes mellitus, thyroid disorders); presence of associated lesions

Excluded (n = 622) Responded to
clinical treatment

Excluded (n = 13)

Records reviewed (n = 645)

Underwent surgery (n = 23) Arthroscopic
capsular release of the shoulder

* Incomplete data (n = 2)
* Previous surgery on the affected shoulder (n = 11)

Included in the study (n = 10)

Legend: CONSORT-style flowchart. Source: Present study, 2025.

Figure 1. Flowchart of patient selection with adhesive capsulitis included in the study.
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(tendinopathies and partial tears); duration of symptoms; and type
of conservative treatment performed.

For functional assessment, pre- and postoperative range of motion
was analyzed, including anterior elevation and lateral rotation in
degrees, as well as medial rotation using anatomical landmarks.
In addition, the SPADI score was applied postoperatively as a
subjective instrument to measure pain and functional limitation.
The SPADI is a validated scale consisting of 13 items, divided into
two domains: pain (5 items) and functional disability (8 items),
each scored from 0to 10 (0 = no pain/difficulty; 10 = maximum).'*
The Pain and Disability scores were calculated as the mean of the
items answered in each domain and converted to a 0-100 scale.
For descriptive clinical interpretation, the following categorization
was adopted: 0-20 = minimal; 21-40 = mild to moderate; 41-60 =
moderate to severe; >60 = severe.

All arthroscopic procedures were performed in public and private
facilities by the same surgeon, under general anesthesia combined
with suprascapular nerve block, with the patient placed in the
lateral decubitus position. With the arthroscope introduced through
the posterior portal and the radiofrequency probe through the
anterior portal, the anterior rotator interval was opened, followed by
skeletonization of the posterior surface and coracoid process, and
release of the coracohumeral ligament at the base of the coracoid.
Using a basket forceps inserted through the anterior portal, superior,
anterior, and anteroinferior capsulotomies were performed, allowing
visualization of the subscapular muscle fibers (Figure 2).

Next, the visualization was inverted by placing the arthroscope
through the anterior portal, and the posterosuperior, posterior,
and posteroinferior capsulotomies were performed with the basket
forceps introduced through the posterior portal. To complete the
procedure, visualization was again inverted, with the arthroscope
repositioned in the posterior portal, and the capsulotomy of the
axillary recess was performed using the basket forceps through
the anterior portal. At the end, a wide view of the joint space could
be observed, in sharp contrast to the beginning of the procedure,
when the space was markedly restricted, hindering arthroscope
maneuverability (Figure 3).

An important technical tip for accessing the anteroinferior and
posteroinferior capsule and the axillary recess is to place a thick
cushion in the axilla and apply slight adduction of the arm, which
facilitates visualization of the axillary recess by displacing the
humeral head away from the glenoid (Figure 4).

After arthroscopy, complementary joint manipulation was performed.
All patients used a simple sling for comfort during the first two
postoperative days. Thereafter, they were instructed to discontinue
immobilization early and encouraged to begin active movements
of the operated shoulder.

Legend: A. Visualization of the anterior capsulotomy (orange arrow) from the posterior portal,
with identification of the subscapular tendon muscle belly (green star). B. Visualization of the
posterior capsulotomy through the anterior portal, showing muscle fibers of the infraspinatus
tendon (blue star) and the posterior glenoid labrum (orange circle). Source: Present study, 2025.
Figure 2. Arthroscopy of the left shoulder showing anterior (A) and
posterior (B) capsulotomies.
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Legend: A. Initial aspect of the procedure, showing hyperemia of the structures in a restricted joint
space, with identification of the long head of the biceps tendon (green star), the humeral head
(orange circle), and the superior glenoid labrum (blue star). B. Final aspect after circumferential
360° arthroscopic capsulotomy, demonstrating significant widening of the joint space, allowing
visualization of a larger intra-articular portion of the long head of the biceps tendon (green star)
and the subscapular tendon (orange arrow), which was not visible in the initial image due to the
limited arthroscopic field. Source: Present study, 2025.

Figure 3. Arthroscopic view of the left shoulder from the posterior portal.

Legend: The arthroscope is positioned in the posterior portal, while the capsulotomy is performed
using a basket forceps introduced through the anterior portal. A broad cushion is placed
under the patient’s axilla (orange arrow) by the assistant, combined with slight adduction of
the arm (red arrow), in order to enlarge the joint space adjacent to the axillary recess. Source:
Present study, 2025.

Figure 4. Arthroscopic capsulotomy of the left shoulder.

Data were analyzed descriptively and comparatively. For contin-
uous variables, means and standard deviations were calculated;
for categorical variables, absolute frequencies were reported.
The analysis focused on the progression of range of motion and
functional scores, in order to identify the impact of arthroscopic
release on patient recovery.
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RESULTS

The sample consisted of 10 patients, 9 female and 1 male, with a
mean age of 62.3 + 9.5 years (range, 4675 years). The left shoulder
was the most frequently affected (8 cases), followed by the right
shoulder (2 cases) (Table 1).

Regarding comorbidities, systemic diseases were present in a sig-
nificant proportion of the sample, including hypertension, diabetes
mellitus, thyroid disorders, dyslipidemia, and osteopenia. Only two
patients presented associated lesions: one with a fracture of the
proximal third of the humerus and another with calcific tendinitis
(Table 1). All patients initially received multimodal analgesic therapy
and physical therapy. In addition, seven patients underwent supra-
scapular nerve blocks in the outpatient setting every two weeks
for at least six months.

According to Zuckerman'’s classification, four cases were char-
acterized as primary (idiopathic), while the remaining cases were
classified as secondary, distributed among the systemic (n = 4)
and intrinsic (n = 2) subtypes.’® It is noteworthy that both cases
classified as the intrinsic secondary subtype also presented co-
morbidities associated with adhesive capsulitis: hypothyroidism
and diabetes mellitus.

After the surgical procedure, a significant improvement in range
of motion was observed compared with the preoperative period.
Postoperative data were collected at a minimum of eight weeks
after surgery. Table 2 shows the results, with anterior elevation
increasing from 119.2° + 23.5°t0 141.7° = 11.1°, and external rotation
increasing from 28.8° + 23.9° to 59.2° += 16.2°.

Postoperative functional assessment using the SPADI revealed
favorable outcomes in most patients. Eight patients presented
a score of 0, indicating absence of pain and limitation, while two
others obtained scores below 20, consistent with minimal pain and
disability. No patient presented high scores, reinforcing the trend
of functional recovery observed after the procedure. Individual
results are shown in Table 3.

One patient developed axillary nerve neurapraxia, which resolved
completely within six months, with full recovery of strength, deltoid
trophism, and cutaneous sensation in the region. No patient reported
glenohumeral instability or required additional anesthetic blocks
in the postoperative period.

Table 2. Comparison of pre- and postoperative range of motion in patients
with adhesive capsulitis.

. Preoperative Postoperative
Motion (degrees) (mean + SD) (mean + SD)
Forward elevation 119.2° + 23.5° 141.7° £ 11.1°

External rotation 28.8°+23.9° 59.2° £ 16.2°

Legend: Means and standard deviations of forward elevation and external rotation in patients with
adhesive capsulitis undergoing arthroscopic capsular release (n = 10). SD: standard deviation.
Source: Present study, 2025.

Table 3. Shoulder Pain and Disability Index (SPADI) scores postoperatively.

Patient  Sex Functional Pain SPADI Classification
Disability (0-100)  (0-100) (0-100)
1 F 0 0 0 Minimal
2 F 0 0 0 Minimal
3 F 0 0 0 Minimal
4 F 0 0 0 Minimal
5 M 0 0 0 Minimal
6 F 18.75 0 9.38 Minimal
7 F 0 0 0 Minimal
8 F 0 0 0 Minimal
9 F 17.50 8.00 12.75 Minimal
10 F 0 0 0 Minimal

Legend: Distribution of Functional Disability and Pain scores (0-100) among patients evaluated
postoperatively. F: female; M: male. Classification: 0-20 = minimal; 21-40 = mild to moderate;
41-60 = moderate to severe; >60 = severe. Source: Present study, 2025.

DISCUSSION

The findings of this observational and retrospective study demon-
strate that arthroscopic capsular release in patients with adhesive
capsulitis refractory to conservative treatment resulted in significant
improvement in range of motion and favorable functional outcomes
according to the SPADI score, corroborating current evidence on
the effectiveness of the arthroscopic approach.!

The functional improvement observed was consistent across the
group, regardless of etiology, suggesting that arthroscopy may
be effective in both primary and secondary cases. Although one
patient experienced a transient axillary nerve neurapraxia, it resolved

Table 1. Clinical and demographic characteristics of patients included in the study (n = 10).

Patient Sex | Age(years) | Affected side Comorbidities Associated lesion S_ymptom Zuclfe_rme_m
duration (months) classification

1 F 46 L None None 10 Primary
Fracture of the proximal

2 F 73 L Hypothyroidism third of the humerus 6 Intrinsic secondary
managed conservatively

3 F 66 R DM type 2, .hypoth.ymldlsm, Bilateral calcific tendinitis 24 Intrinsic secondary

dyslipidemia.

4 F 54 L HTN None 24 Primary

5 F 58 R None None 12 Primary

6 M 69 L HTN, DM None 18 Sistemic secondary

7 F 70 L .h.y potherIdlsm, . None 6 Sistemic secondary

dyslipidemia, osteopenia.

8 F 62 L DM None 6 Sistemic secondary

9 F 50 L Hashimoto’s thyroiditis None 6 Sistemic secondary

10 F 75 L None None 6 Primary

Legend: Distribution of patients according to age, sex, affected side, comorbidities, associated lesions, symptom duration until surgery, and classification according to Zuckerman. R: right; L: left;

HTN: systemic arterial hypertension; DM: diabetes mellitus. Source: Present study, 2025.
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spontaneously within six months without interfering with pain relief or
functional recovery. We attribute this complication to axillary nerve
stretching during joint manipulation performed at the end of the
procedure, since arthroscopic capsulotomy is carried out under
direct visualization and without nerve manipulation.

Anterior elevation increased on average from 119.2° to 141.7°, while
external rotation improved from 28.8° to 59.2°. Functional assessment
using the SPADI showed that most patients progressed with minimal
pain and disability: eight had a score of 0 and two presented values
below 20. The absence of unsatisfactory outcomes reinforces the ef-
fectiveness of 360° arthroscopic capsular release in functional recovery
within a short period after surgery, suggesting not only rapid improve-
ment in range of motion and function but also in patient satisfaction.'®'6
These results are consistent with previous literature, which reports
sustained improvement in the range of motion after arthroscopic
release, particularly of the anteroinferior capsule, with a direct
impact on external rotation, which is usually the most restricted
movement in these patients.'%-'217

CONTRIBUTIONS OF THE AUTHORS

A strength of this study is that, despite the small sample size
and short follow-up period, it demonstrated rapid and consistent
functional improvement, highlighting the positive impact of
surgery in cases of adhesive capsulitis resistant to conservative
treatment. Another noteworthy aspect is the standardization of
the technique, performed by a single surgeon, which provides
consistency to the results and reduces biases related to techni-
cal variability.

CONCLUSION

The 360° arthroscopic capsular release proved effective in pro-
moting significant improvement in range of motion and favorable
functional outcomes in the short and mid-term in patients with
idiopathic, primary, or secondary adhesive capsulitis who did not
improve with conservative treatment. Despite limitations such as
the small sample size and the absence of a control group, the
findings indicate that arthroscopy represents a safe and effective
therapeutic alternative for refractory cases.
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ABSTRACT

Objective: This study aimed to evaluate the functional outcomes of
humeral head derotational osteotomy according to the Weber tech-
nique as a therapeutic alternative for the treatment of chronic anterior
shoulder dislocation in young patients. Methods: This prospective
case series included patients younger than 50 years who underwent
clinical and radiographic evaluation. Outcomes were assessed using
plain radiographs, computed tomography (CT), the Visual Analog
Scale (VAS) for pain, the 36-Item Short Form Health Survey (SF-36),
and range of motion measurements. The mean age of the participants
was 47.67 years. Results: The procedure resulted in a significant
reduction in pain, with a mean decrease of 5.7 points on the VAS, as
well as improvements of 30° in extension and 28° in external rotation
(p < 0.05). The SF-36 demonstrated an average improvement of 27
points in overall quality of life and functional status, and 54 points in
the pain domain. No cases of recurrent dislocation were observed.
Conclusion: Weber humeral head derotational osteotomy provides
satisfactory functional recovery, significant pain relief, and may be
considered a viable treatment option for chronic anterior glenohumeral
dislocation in young patients. Level of Evidence IV; Case Series.

Keywords: Shoulder Dislocation; Shoulder Injuries; Osteotomy.

RESUMO

Objetivo: Este estudo teve como objetivo avaliar os resultados
funcionais da osteotomia de desrotacao da cabeca umeral
segundo a técnica de Weber, como alternativa terapéutica
para a luxacdo anterior crénica do ombro em pacientes jovens.
Métodos: Trata-se de um estudo prospectivo de uma série de
casos, incluindo pacientes com menos de 50 anos, avaliados
por radiografias, tomografia, Escala Visual Analdgica (EVA) para
dor, escala SF-36 e avaliacao da amplitude de movimento.
A média de idade dos participantes foi de 47,67 anos. Resultados:
Os resultados mostrararm melhora significativa da dor (redugéo
média de 5,7 pontos na escala EVA), além de ganho de 30° na
extensdo e 28° na rotagéo lateral (p<0,05). O escore do SF-36
indicou melhora média de 27 pontos na qualidade de vida e
funcionalidade, e 54 pontos no dominio da dor. Nenhum caso
apresentou recorréncia. Conclusdo: A osteotomia de Weber
promove boa recuperagédo funcional, alivio da dor e pode ser
considerada uma opgé&o viavel para o tratamento da luxacéo
glenoumeral anterior crénica em pacientes jovens. Nivel de
Evidéncia IV; Série de Casos.

Descritores: Luxacao do Ombro; Lesées do Ombro; Osteotomia.

Citation: Silva FBM, Chiquetto SS, Cruz MA, Kikuta FK, Coelho SR, Mouraria GG. Functional outcome of weber osteotomy in chronic anterior gleno-
humeral dislocation in young patients. Acta Ortop Bras. [online]. 2026;34(Spe.2): Page 1 of 5. Available from URL: http://www.scielo.br/aob.

INTRODUCTION

Chronic anterior shoulder dislocation is a rare condition defined as
a glenohumeral dislocation that has not been reduced since the
third week of the traumatic event'. Chronic anterior dislocation is
less prevalent than posterior dislocation, which is related to the fact
that it is more symptomatic (more loss of movement and pain) in its
acute phase when compared to posterior dislocation?. In this context,
patients with cognitive alterations (secondary to multiple trauma,
neurological diseases, and alcoholism) may make initial diagnosis
difficult and facilitate the progression to chronic dislocation®#.

Prolonged glenohumeral joint incongruence can lead to degen-
erative changes such as severe bony deformity in the humeral

head (large Hill-Sachs lesion) and/or the glenoid associated with
capsuloligamentous injury®®. Associatedly, there is a shortening
of the posterior capsule and a lengthening of the anterior one. In
addition to the anatomical complexities inherent to the pathology,
dislocation when not reduced presents continuous joint deterioration
and functional loss. Therefore, therapeutic management is chal-
lenging and requires precise strategies to restore joint functionality
and stability®”.

Treatment for chronic anterior shoulder dislocation is controversial.
Conservative treatment may be performed when the patient is not in a
clinical condition for surgical treatment. Other comorbidities such as
epilepsy and uncontrolled alcoholism may prevent surgical treatment®®.,
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The decision on the type of surgical treatment is influenced by several
factors such as age, time of dislocation, and size of the bone defect in
the glenoid and humerus'®", Elderly patients with chronic dislocation
and large bone defects can be treated with arthroplasty. Currently,
reverse arthroplasty is the implant of choice'®'3.

Treatment in young patients is challenging because many techniques
are ineffective, especially in cases of large bone defects in the
humeral region. Arthroplasty in this cohort of patients is limited
due to the risk of early revisions and postoperative instability'?.
Shortening of the posterior capsule, failure of the anterior capsule,
and internal rotators caused by chronic dislocation increase the
risk of surgical failure in classic techniques such as open reduc-
tion, labral repair, and Latarjet surgery, and have a high rate of
dislocations or subluxations after the procedure'*. Treatment with
bone graft in the posterolateral portion of the head can prevent
recurrence. However, the need for extensive detachment of the
supraspinatus and, in some cases, the infraspinatus to access the
defect can determine postoperative functional impairment even
when reinsertion is correctly performed" .

The first cases of proximal humeral osteotomies date back to the
end of the 19th century. Advances in internal fixation methods,
particularly in plate and screw systems, have significantly increased
postoperative bone stability about the results of osteotomies'®.
In 1984, Weber performed an osteotomy to retrovert the humeral
head about the diaphysis for Hill-Sachs lesions that presented
entrapment in the glenoid when the patient performed a lateral
rotation of the shoulder. The original objective of the technique
was to treat patients with traumatic glenohumeral instability. With
the advent of labral repair (Bankart) and bone blocks (Bristow,
Latarjet), it was progressively abandoned' '8,

There is no consensus in the literature regarding the ideal procedure
for the treatment of chronic anterior glenohumeral dislocation in
young patients with large Hill-Sachs lesions. Thus, the technique
developed by Weber becomes an option in the treatment of this
challenging disease by retroverting the humeral head and avoiding
the engagement of the Hill-Sachs defect in the glenoid.

The objective was to evaluate the functional and radiological
results of a series of cases of young patients diagnosed with
chronic anterior glenohumeral dislocation who underwent Weber
humeral osteotomy.

Acta Ortop Bras.2026;34(Spe.2):e297312

MATERIALS AND METHODS

A prospective study was performed on a case series of patients
with chronic anterior glenohumeral dislocation who underwent
Weber osteotomy.

The inclusion criteria were patients aged between 18 and 50 years
with a diagnosis of chronic dislocation for at least 3 months, who
were compensated for any associated diseases (epilepsy, al-
coholism). Patients with associated fractures, the presence of
osteonecrosis of the humeral head, and patients with less than
one year of postoperative follow-up were excluded.

All patients underwent pre- and postoperative radiological evaluation
with true anteroposterior, lateral, and axillary radiographs. Com-
puted tomography was performed only preoperatively. The Visual
Analogue Pain Scale (VAS) was assessed to measure patients’ pain
complaints in the pre- and postoperative periods. Functional analysis
was conducted using the SF-36 (Short Form Health Survey) and
by recording the range of motion using a standard goniometer'®,
The procedure was performed with the patient in the beach chair
position. A 15 cm deltopectoral access port was created. The
subscapularis tendon was detached and repaired. The interposed
scar tissue in the joint was then removed and the humeral head
was reduced. The humeral head was fixed to the glenoid with a
provisional 3 mm Kirschner. A 2.5 mm Kirschner wire was inserted
into the humeral head from anterior to posterior and a second 2.5 mm
Kirschner wire was inserted into the humeral shaft forming an
approximate 30° medial inclination angle about the anterior. A
proximal humeral locking plate (Hexagon R) with 4 holes and
fixed in its proximal portion with 2 locked screws. An osteotomy
is performed at the surgical neck and a 30-degree lateral rotation
of the humeral diaphysis about the head using the 2 Kirschner
wires as a reference (the wires remain parallel after the humeral
rotation). The plate is fixed in its distal portion and then completed
in its proximal portion (Figure 1). The entire procedure is guided by
intraoperative radioscopy. The subscapularis tendon is inserted,
followed by complete closure of the wound and immobilization with
asling. The immobilization is maintained until the fourth week when
it is removed and the shoulder movement is regained.

During the postoperative follow-up, radiographic control and clinical
evaluation were performed as previously described at two weeks,
one, three, six, and twelve months postoperatively. The fracture

H 3

Figure 1. Reduction of the humeral head (A) and fixation in the glenoid with a temporary 3.0 mm wire; placement of the locked plate and fixation
with proximal screws (B); placement of temporary k-wires with 30° between them (radiological image - C and clinical positioning - D) Osteotomy
and external rotation of the arm of 300 (radiological image E clinical image F where parallelism between the k-wires is observed; fixation of the
locked plate completed and removal of k-wires (radiograph in anteroposterior position G and lateral view H).
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was deemed consolidated when the osteotomy sign was no longer
visible in three radiographic views (Figure 2).

Non-categorical variables were tested using the Kolmogorov-Smirn-
ov test to define sample normality, and the paired t-test was used
to compare non-categorical variables in the pre-and postoperative
periods. A significance level of P < 0.05 was considered. SPSS
statistics software version 29 was used.

The project was approved by the research ethics committee under
number CAAE:84493524.0.0000.5404.

Figure 2. Tomography with 3D reconstruction and pre- and post-op-
erative radiographs.

RESULTS

Three patients were included, all male, with a mean age of 47.67 +
8.73 years. The mean dislocation time was 3.6 + 0.57 months.
There was osteotomy consolidation in all cases and none developed
infection or postoperative neurological deficit.

The gain in the range of motion after the procedure occurred in
all planes except abduction and adduction. Medial rotation was
measured functionally. Two patients evolved postoperatively with
rotation at the level of L5 (Figure 3) and one with rotation at the
level of the greater trochanter (without improvement about the
postoperative period). Flexion and elevation of the scapular plane
were the movements with the greatest postoperative gain. (Table 1).
A significant improvement in postoperative pain was observed.
There was an average decrease of 5.7 + 3.05 points in the VAS

score (Table 2).

Figure 3. Postoperative evolution (internal rotation at L5 level) and
150° of flexion.
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The SF-36 quality of life assessment score showed an improve-
ment in all domains except vitality and mental health. The main
improvement observed in the SF-36 was related to pain control
with a mean increase of 53.66 + 37.28 points. The assessment of
general health by the postoperative SF -36 was significant with an
increase of 27.66 + 5.13 points. In the functional capacity domain,
there was a mean increase of 26.67 + 16.07 points (Table 2).

Table 1. Pre- and postoperative range of motion.

Range of motion Pr(zzzzzlsl\)le Ptzs‘::gz::)v ®lic (degrees) | p-value*
Flexion 26.67 + 15.27 | 101.67 + 47.52 | 23.58 - 173.58 0.04
Lateral rotation | 20.00 + 10.00 | 48.33 +2.88 4.41-9.36 0.01
Extension 6.67 +2.88 36.67 +5.77 17.57 - 42.42 0.05
Abduction 23.33+15.27 | 51.67+33.29 | 21.86-78.53 0.06
Adduction 3.82+4.2 591+26 2.19-6.37 0.10
* Paired t-test.

Table 2. Visual analogue pain scale and SF-36 score pre- and
postoperatively.

preoperative | postoperative . g "
Score (stitches) ( stitches) IC ( points ) | p-value
VAS 8.33 + 0.57 267+305 |14.39+3.05| 0.05
St-36 30,00 +10,00 | 57.67+9.81 | 14.9-404 0.05
(general health)
. St-36 . 18.33 +17.55 | 45.00 +26.45 |13.20-66.59| 0.05
(functional capacity)
Sf'.36 16.67 +5.77 | 70.33 +34.06 |38.96-98.46| 0.05
(pain)
S.MTG 15.00 +5.00 | 45.33+10.50 |3,48-64.15| 0.06
(vitality)
51:36 18.33+2.88 | 28.67+11.84 |11.93-3259| 0.09
(mental health)

* Paired t-test; SF-36 =Short Form Health Survey; VAS =Visual Analogue Pain Scale.

DISCUSSION

Chronic anterior glenohumeral dislocation is a rare disease'. The
case series presented here was constructed after 5 years. Thus,
the incidence of surgical treatment was less than 1 case per year.
No patient developed postoperative subluxation or dislocation.
The lower prevalence of recurrence found in osteotomy compared
with traditional techniques may be associated with the fact that
osteotomy not only avoids the engagement of the Hill-Sachs lesion
in the glenoid but also tensions the anterior capsule and lengthens
the posterior capsule. This re-tensioning improves the balance
of forces acting on the humeral head, which is altered in chronic
anterior dislocation.

Reverse arthroplasty indicated for chronic anterior shoulder dislo-
cation has shown promising results, with significant improvement in
pain complaints and range of motion. However, the studies evaluated
only patients over 50 years of age. In addition, patients undergoing
arthroplasty developed a higher complication rate (instability and
need for revision) when compared to those undergoing arthroplasty
due to rotator cuff arthropathy?°2',

Although Latarjet surgery evolves with good functional recovery
in patients with shoulder instability, it does not present the same
way in cases of chronic anterior dislocation. The Latarjet technique
has demonstrated a high rate of subluxations, surgical revisions,
and early osteoarthritis, especially when subscapularis tenotomy
is necessary during the surgical approach, which is often essential
due to soft tissue contracture and the need to remove interposition
tissues in chronic anterior dislocation'422:2%
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Open reduction associated with soft tissue re-tensioning and bone
grafting in the Hill-Sachs defect or open reduction associated
with Bankart repair has a high complication rate, especially in
young patients®24,

Clinical analysis based on the visual analog scale (VAS) demonstra-
ted an improvement in pain after the surgical procedure. Previous
studies, such as those by Rai et al. and Li and Jiang, also showed
improvements in pain parameters, especially in the early postope-
rative period. However, in these studies, patients who presented
subluxation returned to preoperative pain levels, a common phe-
nomenon in techniques such as Latarjet in the treatment of chronic
anterior dislocation. This suggests that, unlike what is observed in
Weber osteotomy, the improvement in pain in traditional approaches
may be transient and dependent on joint stability'#2®,

Functional and quality of life analysis of patients undergoing os-
teotomy revealed significant improvements in some postoperative
parameters. Flexion and elevation in the scapular plane were the
movements that evolved with the greatest gains. In the study by Rai
et al, which used the Latarjet technique, a significantimprovement in
abduction was observed, increasing from 37.7° to 108.2°; however,
the other movements were not evaluated, limiting the comparison
between the techniques. In addition to functional gains, the quality
of life of patients was positively impacted, as demonstrated by the
increase in the score of the general health domain of the SF-36,
which increased from 30.00 = 10.00 to 57.67 = 9.81 (p < 0.005).
The study by Li and Jiang also demonstrated statistically significant
improvements in lateral rotation and functionality, although using
scores other than the SF-36, such as ASES, UCLA, and Constant.
However, the positive evolution in these studies was observed only

CONTRIBUTIONS OF THE AUTHORS

in patients without episodes of new dislocation or subluxation.
Since new dislocation is a complication frequently associated with
the Latarjet technique, it is possible that the functional and range
of motion gains reported in these studies would be smaller with a
longer postoperative follow-up'.

The main limitation of the study was the small number of cases
evaluated. However, considering that the disease has a low pre-
valence and that classical techniques for the treatment of chronic
anterior shoulder dislocation have significant recurrence rates, the
proposal of Weber osteotomy for the treatment of this disease is
of great value.

Weber osteotomy appears as a promising technique in the treatment
of chronic anterior glenohumeral dislocation and constitutes an
alternative for chronic anterior shoulder dislocation. Prospective
multicenter studies are needed to confirm the efficacy of this pro-
cedure, strengthening its applicability in clinical practice.

CONCLUSION

Weber’s retroversion osteotomy of the humeral head evolved with
good functional recovery, and improvement of pain associated
with an absence of recurrence of chronic anterior glenohumeral
dislocation and can be considered an option for the treatment of
this complex condition.
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ABSTRACT

Introduction: This study aimed to evaluate the mechanical re-
sistance to pullout of the lumbar cortical bone trajectory (CBT)
screw with and without transfixation of the second cortical in a
biomechanical assay in swine vertebrae. Methods: A pullout test
was performed in 16 swine vertebrae (L5 and L6) fixed with 32
CBT screws using the same protocol. Of these, 16 were inserted
in a monocortical manner according to the original technique and
16 through a modified technique which included the transfixation
of the second cortical bone. Results: The average maximum
load value for pulling out the inserted screws with the modified
technique including the transfixation of the second cortical bone
was 140.50 Kgf (= 56.56), while in the original technique it was
95.69 Kgf (= 42.19) (p = 0.004). Conclusion: The biomechanical
tests applied to the studied sample showed that the pullout re-
sistance of the CBT screws inserted with the bicortical technique
was, on average, 46% higher than the screws inserted according
to the original monocortical technique. Level of Evidence II;
Experimental study.

Keywords: Spinal arthrodesis; Lumbar cortical screw; Cortical
bone trajectory; Pullout resistence; Biomechanical testing.

RESUMO

Objetivo: Este estudo teve como objetivo avaliar a resisténcia
mecanica ao arrancamento de parafusos com trajetdria cortical
(CBT) na coluna lombar, com e sem transfixagao da segunda
cortical, por meio de ensaio biomecéanico em vértebras suinas.
Métodos: Foram realizados testes de arrancamento em 16 vértebras
lombares suinas (L5 e L6), nas quais foram inseridos 32 parafusos
CBT utilizando o mesmo protocolo. Desses, 16 foram inseridos de
forma monocortical, conforme a técnica original, € 16 com uma
técnica modificada que inclufa a transfixacdo da segunda cortical.
Resultados: O valor médio da carga maxima para arrancamento
dos parafusos inseridos com a técnica modificada, incluindo a
transfixacdo da segunda cortical, foi de 140,50 Kgf (= 56,56),
enquanto que na técnica original foi de 95,69 Kgf (+ 42,19) (p =
0,004). Concluséao: Os testes biomecanicos aplicados a amostra
estudada mostraram que a resisténcia ao arrancamento dos pa-
rafusos CBT inseridos com a técnica bicortical foi, em média, 46%
superior a dos parafusos inseridos segundo a técnica monocortical
original. Nivel de Evidéncia ll; Estudo experimental.

Descritores: Artrodese espinhal; Parafuso cortical lombar; Trajetdria
cortical; Resisténcia ao arrancamento; Teste biomecanico.

Citation: Resende RLC, Leal JS, Vilela JJ, Guimaraes RM, Faria ARV, Andrade MAP. Biomechanical study of pullout resistance of cortical screws in
swine lumbar vertebrae. Acta Ortop Bras. [online]. 2026;34(Spe.2): Page 1 of 4. Available from URL: http://www.scielo.br/aob.

INTRODUCTION

Spinal surgery is increasingly common worldwide, with a considerable
growth in the last two decades, especially in the elderly population.'?
Among the various fixation techniques to promote thoraco-lumbar
arthrodesis, the most commonly used today is the pedicular fixation,%in
which the screw is inserted into the cancellous bone inside the vertebral
pedicle. This technique is considered the gold standard nowadays.
Spine fixation with pedicle screws shows superior biomechanical
performance compared to the old methods, but still with fixation
failures, especially in osteoporotic bones.*¢

Searching for a new spine fixation system, in 2009, Santoni et al”
described a screw technique for the lumbar spine, the so called
cortical bone trajectory (CBT) screw, with mechanical advantages,
especially when applied to osteoporotic bones™®

The particular characteristic of this screw which supports its own
name - cortical bone trajectory - is the pericortical bone positioning
in almost its entire path.

The CBT screw can reach up to four points of contact with the cortical
bone, namely: the screw entry point in the pars interarticularis, the
inferomedial wall of the pedicle, the anterolateral wall of the pedicle
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and the lateral cortical of the vertebral body, where the screw ends
its path by touching it, but not transfixing it.'"® Among these, pars
interarticularis is the anatomically highest bone density point that
the screw has contact with."

This study uses a modification of the Santoni et al” technique, which
consists of the transfixation of the second cortical bone, which
would lead it to be considered as a bicortical screw technique.
The hypothesis of the study is that this modification of the original
technique has better mechanical performance in pullout tests,
when compared to screws inserted without cortical transfixation.
This study aimed to compare the mechanical strength of CBT
screws when used in a bicortical way compared to those used in
a unicortical way, as described by Santoni et al.”

MATERIAL AND METHODS

To carry out the study, the two most distal lumbar vertebrae
(L5 and L6) of pigs slaughtered for human consumption were used.
These samples were obtained from animals weighing approximately
100 kilograms (Kg), with an average age of 150 days, all male and
from the Landrace breed. The total of 10 L5 and 10 L6 vertebrae
from 10 recently slaughtered pigs were dissected and kept in a
refrigerator at an average temperature of -20° Celsius until the tests
were carried out. For the execution of the biomechanical tests,
the anatomical pieces were placed at the room temperature until
they were completely thawed, in order to have their mechanical
properties recovered.

To carry out the tests, the vertebral bodies were adapted and
supported on a firm base through a metallic device similar to a
hollow cube, which had its lateral walls with a groove to fit the
screws. An Instron 5882 universal testing machine with a load cell
with a maximum capacity of 100 KiloNewtons was used, coupled
with the Bluehill2 software that allowed the registration of the force
required to pull the screws out of the vertebrae.

All screws used in the tests were a 4.5 mm-diameter and 45 mm-
length titanium alloy polyaxial pedicle screws (Spherx Il Nuvasive
- Manufacturer: Nuvasive, INC - USA).

The preparation of CBT screws paths, through the pedicles of the
pigs lumbar vertebral bodies (L5 and L6), was made according
to the technique described by Santoni et al.”"'? followed by the
fixation with the screws, which were performed by a single surgeon,
freehand, identical to the technique of the surgical procedures.
The screw entry point was at the junction of a vertical line that
passes through the medial face of the lower facet of the adjacent
cranial vertebra and a horizontal line, perpendicular to it, which
passes approximately 1 millimeter below and parallel to the lower
edge of the transverse process.”''? (Figure 1)

The initial perforation of the entry point was made with the initial
awl, followed by the Lenke probe until it touched the vertebral
body’s cortical wall, to complete the CBT screw path. The path is
8-10 degrees from medial to lateral in the axial plane and 25-30
degrees from caudal to cephalic in the sagittal plane.”™'? The same
procedure was made through the contralateral pedicle. (Figure 2)

Figure 1. Entry point of the cortical screw as described by Santoni et al.”
and used in this study.
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Figure 2. Demonstration of the bicortical bone trajectory screws in the
coronal, sagittal, axial and oblique planes.

Once the paths were created bilaterally, following the technique
described by Santoni et al.”!"'2 and with the cannula having already
touched the cortical wall, a simple randomization was carried out,
for each independent vertebra, to define on which side the screw
would transfix the second cortical bone - using the technique
described by the authors.

The pedicles were then fixed in sequence, one side at a time, one
side with transfixation of the cortical bone and the other without
transfixation and subjected to mechanical tests. Therefore, for each
vertebra, there was a conventional Santoni et al.” fixation and a
bicortical fixation proposed by the present authors. (Figure 3 and 4)
The tests were all carried out at the room temperature and with a test
speed of 5 mm/min. The force required to pull out the screw inserted
in the two types of CBT paths was measured in kilogram-force (Kgf)
and was recorded during the application of the mechanical tests.
The definition of the force required to pull out the screw was the
maximum load required to start displacing the screw.

The D'Agostino-Pearson and Shapiro-Wilk tests were used for
exploratory analysis to determine the normality of the data. Given
the parametric nature of the data, the evaluation of possible statisti-
cal differences was performed using the paired “t” test between
the two techniques for CBT screws. In all analyzes performed,

I —

Figuré 3. Demonstration of the CBT screw with cortical vertebral
transfixation.
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Figure 4. Demonstration of the pull out force in the same direction as
the screw.

the differences obtained were statistically significant when the p
value was less than 0.05 (p<0.05). All analyzes were performed
using the GraphpadPrism® program, version 5.0 for Windows. The
mean and standard deviation data for the maximum load variable
required for removing the screws were obtained.

RESULTS

Tests were performed on 20 lumbar vertebrae testing a total of 40
screws. Twenty screws were inserted in a CBT path with transfixation
of the second cortical bone and 20 without transfixation. The loss
rate was 20%, considering that 4 vertebrae were discarded out
of a total of 20, due to broken pedicles during the passage of the
screws or during the tests; 16 vertebrae with 32 pedicles for screw
insertion made up the final sample of this study.

Based on the pullout force (maximum load), the sample used in
the present study obtained a statistical power of 81.99% [95% ClI =
66.10 to 23.51; [] = 0.05]. The standard deviation of the difference
between screws with and without transfixation was + 39.97 and
the average difference between them was 44.81.

The mean value for pulling out the screws inserted with the transfix-
ation of the second cortical bone was 140.50 Kgf (+ 56.56), while
in the technique without transfixation it was 95.69 Kgf (+ 42.19)
(p = 0.0004). In the technique with transfixation of the second
cortical bone, the force required to pull out the screw was, on
average, 46% higher. (Table 1) (Graphic 1)

DISCUSSION

The idea of using bicortical screws in the lumbar spine has been
tempting for years, especially for the population with osteoporotic
bones. Several authors'™'® described the traditional pedicle insertion
technique in a bicortical manner and demonstrated mechanical
advantages when compared with the monocortical pedicle screws,
but the unfavorable vascular anatomy'®-'® increases the risk of
vascular injuries with the technique of bicortical pedicle screws
and therefore it is not routinely used.

Unlike pedicle screws, the CBT screws used with transfixation of the
second cortical bone, as reported in this study, would be prominent
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Table 1. Maximum load values (Kgf) with and without transfixation of the
second cortical bone.

Vertebrae | Type of | Without cortical With transfixation
studied | vertebrae | transfixation (Kgf) °f. the second pvalue
cortical bone (Kgf)
Vi L5 68.59 73.65
V2 L6 30.25 66.60
V3 L5 27.66 42.22
V5 L5 103.30 238.06
V6 L6 96.11 154.30
V7 L5 124.85 125.40
V9 L5 99.34 120.38
V10 L6 140.94 251.54
Vi1 L5 63.10 135.94
V12 L6 64.30 103.09 0.0004T
Vi4 L6 46.48 120.10
V15 L5 114.05 166.47
V16 L6 128.58 174.09
V18 L6 162.91 183.72
V19 L5 105.00 154.90
V20 L6 155.62 137.52
MEAN 95.69 140.50
SD 42.19 56.56

Database = 32 tests were performed (total of 16 vertebrae in general - 2 independent tests on
each vertebra). 16 screws with transfixation and 16 without cortical transfixation were used. SD
= standard deviation.T = paired t-test.
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The bars represent the average of each technique and the lines, the standard deviation. A) *** =
represents a statistically significant difference between the techniques, according to the paired
ttest (p <0.05); B) maximum individual load obtained in each tested vertebra.

Figure 5. Average value of the maximum load presented by CBT screws
without transfixing the cortical bone (monocortical) and with transfixation
of the second cortical bone (bicortical).

in the lateral vertebral body cortex, in its cranial third and in its two
posterior thirds”'? in a region considered safe, regarding the risks
to the great vessels or to the lumbar arteries.!®'6

In order to study the vascular safety, Guimaraes at al.'” studied, through
a retrospective analysis of 50 abdominal angiotomography scans,
the anatomical relationship of the probable region corresponding to
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the exit point of the CBT screw, used in a bicortical manner, on the
anterolateral face of the vertebra with the vascular structures adjacent
to the spine. The measurements obtained between the prevertebral
vessels and the possible exit points of the screw did not demonstrate
contact in any of the vertebrae studied. This initial result suggests
safety in the use of the cortical screw transfixing the second cortical
bone, but further studies are necessary for a better understanding.
Knowing the position of the vessels is essential to reduce intra- and
postoperative complications related to spinal instrumentation.
Matsukawa et al.’® described the CBT screw with transfixation of the
second cortical bone in the first sacral vertebrae (S1) in 19 patients.
This technical variation was considered safe by the authors. The
authors demonstrated an average of 141% higher insertion torque
than the traditional monocortical technique.

The belief in the literature is that the inclusion of the second bone
cortex increases the mechanical resistance of the implants.'3-16:18
The pullout of the screws is the main failure mechanism of the fixation
systems of the spine and, therefore, this mechanical property, pullout
resistance, was chosen for this study.*® However, the superiority of
the transfixation of the second cortical bone, demonstrated in this
study, cannot be yet confirmed for other situations of biomechanical.

CONTRIBUTIONS OF THE AUTHORS

Spirig et al.'® described the biomechanical performance of peri-
cortical-CBT versus bicortical-CBT screws (pCBT versus bCBT)
in arandomized cadaveric study submitted to physiological cyclic
loading tests, including shear and tension loads, as well as bending
moments. They demonstrated a slight decrease in translational
and angular displacements of the bCBT screws when compared
to pCBT, however, the results were non-significant (p>0.05) and
therefore the authors do not recommend the placement of CBT
screws bicortically.

In this study, an average 46% (p = 0.0004) increase in pullout
resistance was demonstrated when the second cortical bone was
transfixed instead of just touching it.

CONCLUSIONS

The technique of the CBT screw inserted in a bicortical manner
showed, in the lumbar column of swine, a pullout resistance 46%
higher, on average when compared with the CBT screw described
by Santoni et al. Further studies are needed to better understand
the biomechanical characteristics and safety of this alternative
technique of fixation of the lumbar spine.
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