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EDITORIAL

Fabricated Bibliographic
Citations Generated by
Artificial Intelligence in
Scientific Research

Dr. Ernesto Bersusky
AAOT Journal Editor

he use of artificial intelligence (Al) is undoubtedly a valuable tool in the preparation of academic work. How-
ever, we are increasingly aware that one of its new risks is the generation of academic texts containing entirely
fabricated or nonexistent bibliographic references.

These Al-generated texts often cite references that appear legitimate but are nonexistent. As a result, the content
cannot be verified in databases or primary sources and therefore lacks scientific validity.

This represents a real threat to the credibility of science, as the problem is not only the falsified references but
also the generated text itself, which may appear authentic.

We have identified this phenomenon in several manuscripts submitted to our journal. The use of Al is clearly
regulated by the AAOT journal (see the Publications Guidelines section), and authors are required to disclose its
use and ensure the accuracy and reliability of the text.

Literature searches before the advent of Al were often slow and tedious, and reviewing these texts frequently
required considerable effort. With Al, this process can now be performed with a personal computer in almost no
time. Al tools can extract and process information from scientific journals, databases, and books. Finally, the ap-
peal of these tools is extremely strong, and authors may be tempted to use them in ways that are not acceptable.

The use of Al in scientific and technical writing has many advantages and a critical limitation: the accuracy of
data and information. For this reason, every text must be carefully reviewed and edited by authors and subject-mat-
ter experts prior to publication or submission.

The Editorial Board of this journal monitors the use of Al through plagiarism and AI detection software and
verifies all references.

In some cases, we have helped authors resolve these issues; in others, we have been forced to reject the manu-
script.

We strongly recommend that authors:

1.Read and adhere to the Publications Guidelines and use Al in accordance with the instructions provided there-
in.

2.Carefully verify both the text and the references.

3.Share any ideas or suggestions with us to improve the ethical use of Al in research submitted to the journal.

4.This is a novel topic and we remain open to proposals within the limits established by international indexing
services and databases.

Authors share responsibility with editors for the work that is published.

Dr. ERNESTO BERSUSKY ¢ ebersusky @ gmail.com @ https://orcid.org/0000-0002-3121-9326
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Knee Pain

ABSTRACT

Two cases with similar clinical presentations are reported. In both cases, imaging evaluation showed comparable findings involving
the capsuloligamentous structures of the medial aspect of the knee.

Keywords: Knee; calcifications; pain

Level of Evidence: IV

Gonalgia

RESUMEN

Se presentan dos casos con un cuadro clinico similar. En ambos, los estudios por imagenes mostraron hallazgos comparables,
localizados en relacion con las estructuras capsuloligamentarias de la cara medial de la rodilla.

Palabras clave: Rodilla; calcificaciones; dolor.

Nivel de Evidencia: IV

INTRODUCTION
Two cases with similar clinical presentations are reported. In both cases, imaging evaluation showed comparable
findings involving the capsuloligamentous structures of the medial aspect of the knee.

CASE 1

A 40-year-old man presented with predominantly medial knee pain, with pain-related functional limitation
and no relevant history of trauma. Imaging studies, including plain radiographs and magnetic resonance imaging
(MRI), were requested due to suspected involvement of the medial capsuloligamentous compartment. Laboratory
tests showed no clinically significant abnormalities; acute-phase reactants were not elevated, and there were no
signs of systemic involvement.

CASE 2

A 50-year-old man presented with medial knee pain. As an initial evaluation, a soft-tissue ultrasound focused
on the medial aspect of the knee was requested. Based on the findings, the evaluation was completed with MRI
for better anatomical characterization of the lesion and its relationship to adjacent capsuloligamentous structures.
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IMAGING FINDINGS AND INTERPRETATION
CASE 1

The knee radiograph (Figure 1) showed faint calcifications projected over the medial aspect. On MRI (Figures 2
and 3), multiple foci of signal void with a multilobulated morphology and irregular margins were observed around
the capsule and anterior to the femoral insertion of the medial collateral ligament, associated with edema of the
adjacent soft tissues. The medial collateral ligament was thickened, with altered signal intensity in its proximal
segment, consistent with reactive changes.

Figure 1. Case 1. Anteroposterior knee radiograph. Faint periarticular
calcifications are observed in the medial compartment, projected
anterior to the medial femoral condyle, at the femoral insertion of the
medial collateral ligament (arrows).

v : j .-'I': LA .- | B 4
Figure 2. Case 1. MRI of the knee, coronal images: T1-weighted (A) and proton density fat-suppressed (B) sequences.
Multiple foci of signal void corresponding to calcifications are identified, associated with edema of the adjacent soft tissues.
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Figure 3. Case 1. MRI of the knee: axial proton density fat-suppressed (A) and sagittal proton density (B) images. At least
two foci of signal void (arrows) are identified in a pericapsular location, anterior to the femoral insertion of the medial
collateral ligament (arrowhead).

CASE 2

Ultrasound of the medial aspect of the knee (Figure 4) showed two focal echogenic foci with mild posterior
acoustic shadowing, located immediately anterior to the femoral insertion of the medial collateral ligament. MRI
(Figures 5 and 6) confirmed, in the same medial pericapsular location, two foci of signal void associated with per-
ilesional inflammatory edema, without evidence of ligament discontinuity.

In both cases, imaging studies demonstrated calcium deposits at the insertion of the medial capsuloligamentous
complex, associated with inflammatory changes in the adjacent soft tissues.

Figure 4. Case 2. Knee ultrasound, longitudinal view. Two focal echogenic foci (*) are observed
immediately anterior to the femoral insertion of the medial collateral ligament, with mild posterior
acoustic shadowing, consistent with soft-tissue calcifications.
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Figure 5. Case 2. MRI of the knee, coronal images: T1-weighted (A) and proton density fat-suppressed (B) sequences.
Two hypointense foci are observed adjacent to the femoral insertion of the medial collateral ligament (arrowheads), with
perilesional hyperintensity on fluid-sensitive sequences, consistent with edema.

Figure 6. Case 2. MRI of the knee: axial proton density fat-suppressed (A) and sagittal proton density (B) images.
Pericapsular calcifications (arrowheads) are identified at the insertion of the medial collateral ligament (arrow), with adjacent
soft-tissue edema on fat-suppressed sequences.

J. Escotorin ORCID ID: https://orcid.org/0009-0006-4115-1034
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CLINICAL RESEARCH

Reverse Palmar Flaps for Triphalangeal
Finger Defects: An Anatomical Study
and Case Series

Martin J. Pastrana,” Laura Togneri,” Ezequiel Zaidenberg,” José A. Pastrana,* Carlos R. Zaidenberg™

“Orthopedics and Traumatology Service, Hospital de Pediatria SAMIC “Prof. Dr. Juan P. Garrahan”, Autonomous City of Buenos Aires,
Argentina

“Musculoskeletal Study Unit, 1st Chair of Anatomy, School of Medicine, Universidad Nacional de Buenos Aires, Autonomous City of Buenos
Aires, Argentina

?Hand and Upper Limb Reconstructive Surgery Unit, Sanatorio Giiemes, Buenos Aires, Argentina

ABSTRACT

Objective: To describe the anatomical consistency of palmar cutaneous branches and commissural arteries, and to evaluate patients
treated with reverse palmar flaps. Materials and Methods: Anatomical study: five cadaveric hands were analyzed to assess the con-
sistency of palmar cutaneous branches, as well as commissural and transverse interphalangeal arteries. Clinical study: patients with
palmar digital injuries in triphalangeal fingers treated with palmar flaps were included, with no age restriction, no prior surgical history,
with or without associated injuries, and a minimum follow-up of 24 months. Subjective evaluation included the Visual Analog Scale
(VAS) for pain and the QuickDASH score. Objective evaluation included the two-point discrimination test and goniometric assessment
of total active motion (TAM) according to the Strickland system. Results: The anatomical study demonstrated consistent palmar cuta-
neous branches (2—4 branches per flap island), as well as the presence of commissural and transverse interphalangeal arteries. The
clinical study included 10 patients (8 men and 2 women). Eight short and two long palmar flaps were performed. The postoperative
VAS score was 1/10 and the QuickDASH score was 2.5. Two-point discrimination was 7 mm. According to TAM (Strickland classifica-
tion), 6 results were excellent, 3 good, and 1 fair. Conclusions: Palmar cutaneous branches and anastomotic systems were found to
be consistent. The reverse pedicled palmar flap proved to be an effective option for the treatment of digital defects.

Keywords: Reverse pedicled palmar flaps.

Level of Evidence: IV

Colgajos inversos del hueco de la mano en defectos de dedos trifalangicos. Estudio anatémico y evaluacion
de una serie de casos

RESUMEN

Objetivos: Describir la constancia anatémica de ramas cutaneas de la palma de la mano y las arterias comisurales, y evaluar a
pacientes tratados con colgajos inversos del hueco de la palma. Materiales y Métodos: Estudio anatémico: 5 manos cadavéricas
para analizar la constancia de ramas cutaneas palmares de la mano, arterias comisurales y transversas interfalangicas. Estudio
clinico: pacientes con heridas digitales palmares en dedos trifalangicos de la mano, tratados con colgajos del hueco de la palma,
sin restriccion de edad, sin antecedentes quirurgicos, con o sin lesiones asociadas y un seguimiento minimo de 24 meses. Las
evaluaciones se realizaron con la escala analdgica visual para dolor, el QuickDASH, y la prueba de discriminacién de 2 puntos
y goniometria del rango de movilidad activa total por el sistema de Strickland. Resultados: El estudio anatémico demostré la
constancia de ramas cutaneas (2-4 ramas por isla) del hueco de la palma, de la arteria comisural y transversas interfalangicas. El
estudio clinico incluyé a 10 pacientes (8 hombres y 2 mujeres). Se realizaron 8 colgajos del hueco de la palma cortos y 2 largos. El
puntaje posoperatorio de la escala analdgica visual fue de 1/10 y el del QuickDASH, 2,5; y la prueba de discriminacion de 2 puntos
fue de 7 mm. Segun el rango de movilidad activa, 6 resultados fueron excelentes; 3, buenos y uno, regular. Conclusiones: Las
ramas cutaneas y los sistemas anastomaticos resultaron constantes. El colgajo pediculado inverso del hueco de la palma resulté
eficiente en el tratamiento de defectos digitales.

Palabras clave: Colgajos pediculados inversos; hueco; palma.

Nivel de Evidencia: IV

Received on February 16", 2023. Accepted after evaluation on July 29", 2024 « Dr. MARTIN J. PASTRANA ¢ martinjosepastrana@hotmail.com @ https://orcid.org/0000-0002-4843-2115

How to cite this article: Pastrana MJ, Togneri L, Zaidenberg E, Pastrana JA, Zaidenberg CR. Reverse Palmar Flaps for Triphalangeal Finger Defects: An Anatomical Study and Case Series. Rev
Asoc Argent Ortop Traumatol 2026;91(2):83-91. https://doi.org/10.15417/issn.1852-7434.2026.91.2.1727

[@loEe) e e grvore FShareAlike 4.0 nfernational Rev Asoc Argent Ortop Traumatol 2026; 91 (2): 83-91 « ISSN 1852-7434 (online) m




M. J. Pastrana et al.

INTRODUCTION

Palmar injuries of the fingers involving soft-tissue, osseous, or combined defects are common conditions asso-
ciated with occupational and recreational activities. When these injuries involve the distal half of the fingers, they
can often be treated with random or axial advancement flaps. However, when they are located in the proximal half
or involve extensive defects that exceed local coverage capacity, other reconstructive options must be considered.”

At the beginning of the 20th century, Harold Gillies, a pioneer of plastic surgery, established “the replacement
of like with like” as a fundamental principle in soft-tissue reconstruction.* More recently, Upton et al. stated that
the ideal reconstruction of palmar defects should be performed using glabrous (hairless and glandless), sensate,
durable, relatively immobile, and thin tissues.’

The study of cutaneous vascular territories divides the hand into digital, digitopalmar, thenar, hypothenar, and,
finally, the midpalmar area (MPA). The latter, with an average surface area of 18 cm? in adults, is densely supplied
with cutaneous branches that can be used for flap design. Within this framework, reverse and pedicled flaps from
the MPA may be considered.® Reverse flaps are defined as those in which blood flow is reversed through proximal
pedicles or that can be rotated distally, even without true reversal of flow direction.’

The objectives of this study were to describe the anatomical consistency of the cutaneous branches of the MPA,
together with the palmar-dorsal and digital anastomotic systems, and to clinically evaluate a series of patients with
finger defects treated with reverse MPA flaps.

MATERIALS AND METHODS
Anatomical Study

Five cadaveric hands were analyzed (3 female and 2 male; mean age 70 years; range 54-80). After cannulation
of the axillary artery, each specimen was injected with red-colored latex, followed by sealing of the cannulas and
preservation using a mixture of formaldehyde and phenolic acid according to the Cozzi technique.

Under 3.5x magnification, the palmar vasculature of the hand was dissected. The frequency and consistency of
the cutaneous branches of the MPA were analyzed, as well as the presence of commissural arteries (communicat-
ing between the palmar and dorsal systems) and of the proximal and distal transverse interphalangeal arteries, also
known as Edwards’ vascular arcade. Using a micrometric caliper, the mean diameter of the cutaneous branches and
palmar vascular axes was measured, along with their angle of origin relative to the vascular axis.

Clinical study

A retrospective study was conducted including patients treated between January 2013 and January 2018. The
inclusion criteria were: patients with palmar digital wounds involving the four fingers, treated with reverse MPA
flaps (short or long), without age restriction, without prior surgical history, with or without associated injuries
(partial amputation of the distal phalanx or distal interphalangeal disarticulation, digital nerve injury distal to the
Edwards arcade used as the pivot point, or tendon injury), and a minimum mean follow-up of 24 months. Patients
who did not meet these criteria or who had infectious processes were excluded.

All procedures were performed by a single hand surgeon in a single operative stage, at a mean of 4 days after
trauma (range 1-9). The anatomosurgical classification proposed by Zancolli for reverse MPA flaps was used,
based on the cutaneous branches of the arteries supplying the skin and their pivot point. This classification divides
the flaps into short and long, according to the pivot point (commissural confluence or transverse interphalangeal
artery, respectively) and their distal reach (Figures 1 and 2).° The surgical technique is described below.

Surgical Technique

The procedure is performed under supraclavicular plexus block, with gentle inflation of the tourniquet. After
marking the anatomical landmarks (the common and proper digital neurovascular bundles, as well as the probable
location of cutaneous perforators in the MPA), the extent of digital tissue loss is determined, and both the size and
shape of the defect are transferred to the skin of the MPA (according to the finger to be reconstructed).

The first step consists of an approach at the interdigital commissure, under 3.5x magnification, to confirm the
commissural communication between the dorsal and superficial palmar systems (common digital artery).
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Figure 1. Illustration of the short variant of the midpalmar flap, as described by Zancolli. DPA = deep palmar arch;
SPA = superficial palmar arch; CDA = common digital artery; M = metacarpal.

Figure 2. Illustration of the long variant of the midpalmar flap, as described by Zancolli.
DPA = deep palmar arch; SPA = superficial palmar arch; CDA = common digital artery; PDA = proper digital artery;
M = metacarpal; P1 = proximal phalanx; P1AS = proximal phalanx anastomotic system.
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Once confirmed, the skin island is designed, including an average of 2 to 4 cutaneous branches. The flap is dissected
with the least possible amount of subcutaneous tissue. The fibers of the central palmar aponeurosis are divided; the
common digital artery is dissected and ligated proximally at its junction with the superficial palmar arch. The island
flap is elevated, handling the pedicle carefully and avoiding stretching or twisting along its axis. From the digitopalmar
region, the approach is continued in a zigzag fashion, separating the common digital artery and the bifurcation of the
proper digital arteries (with their venae comitantes) from the common digital nerve, which is preserved and protected.

Through a lateral digital approach, dissection proceeds until reaching the defect to be covered. The commissural
confluence must be preserved (short midpalmar area flap [MPA]) or ligated and divided together with the collateral
artery of the adjacent finger to increase advancement (long MPA). The tourniquet is released, meticulous hemostasis
is performed, and flap viability is assessed by irrigation with warm saline solution. The recipient site is then covered
with the skin island and approximated using 4-0 monofilament sutures, avoiding excessive tension.

Finally, a split-thickness skin graft is harvested from the elbow crease, medial aspect of the arm, or groin (with
primary closure) to cover the donor site. An elastic anti-edema dressing is applied, and the hand is immobilized with
a short arm plaster splint extending to the digits.

Postoperative Course

Daily wound care was performed during the first 5 days after surgery to assess flap viability (evaluating clinical
parameters such as color and capillary refill, without Doppler or other adjunctive methods). Subsequent wound care
was performed weekly until suture removal. The patient then began hand occupational therapy. Time to return to
usual activities (work/sports) was recorded. Patients were contacted by telephone for long-term follow-up (12 and 24
months).

The sample was evaluated subjectively using the visual analog scale for pain and the QuickDASH questionnaire.
Objective evaluation was performed using the two-point discrimination test, and the Strickland scoring system was
used to assess total active range of motion by goniometry, defined as the sum of active flexion of the metacarpo-
phalangeal, proximal interphalangeal, and distal interphalangeal joints minus the extension deficit of these joints.®
Results >150° were considered excellent; 125°-149°, good; 90°-124°, fair; and <90°, poor.

Secondary complications related to the surgical procedure (partial or total necrosis, dehiscence, retractile scarring)
were recorded.

RESULTS
Anatomical Study

The anatomical study demonstrated the consistent presence of cutaneous branches of the MPA. An average of 2 to
4 branches per flap island designed at the intermetacarpal level was identified in the cadaveric specimens (Figure 3).
These branches emerged at an angle of approximately 70° (range 65°-75°) relative to the common digital artery, per-
forating the central palmar aponeurosis. In all specimens, a commissural artery (communicating between the palmar
and dorsal systems) was consistently identified at the digital commissure, with a mean diameter of 0.4 mm (range
0.3-0.5) (Figure 4).

The mean diameter of the common digital arteries was 1.9 mm (range 1.7-2.1), while the mean diameter of the
proper digital arteries was 1.1 mm (range 1-1.2).

In all dissections, transverse interphalangeal arteries, also known as Edwards’ vascular arcade, were identified,
serving an anastomotic function between the collateral vessels of the same finger. These vessels emerged at an aver-
age angle of 80° (range 78°-82°) relative to the proper digital artery and were located at the neck of the proximal and
middle phalanges, respectively. They contributed to the arcade together with the articular branch of the proper digital
nerve (in two specimens, two articular branches were identified per side) (Figure 5).

Clinical Study

A series of 10 patients (8 male and 2 female) with a mean age of 25 years (range 6-45) was included. The non-domi-
nant hand was affected in 80% of cases. The most frequently involved finger was the middle finger (6 cases), followed
by the index finger (3 cases) and the ring finger (1 case). In most cases, the injury was work-related. In two cases,
neurorrhaphy of the injured proper digital nerve was performed. In one case, partial amputation of the distal phalanx
was present, and in another, distal interphalangeal disarticulation. The mean defect size was 15.1 x 11.3 mm. In eight
cases, short MPA flaps were performed, and in two cases, long MPA flaps were used due to the distal location of the
defect. All flaps survived.
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Figure 3. Anatomical dissection

| of the midpalmar area showing the
| presence of cutaneous branches

| within the designed flap island.

Figure 4. Anatomical dissection of the
midpalmar area showing the commissural
confluence (commissural artery) and the
proximal transverse interphalangeal artery.
(*) Commissural confluence; (+) Proximal
transverse interphalangeal artery.
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Figure 5. Digital anatomical dissection. The entry of articular nerve
branches into Edwards’ vascular arcade is observed on each side of the
finger, together with the proximal and distal transverse interphalangeal
arteries. A2 = A2 pulley; (*) articular nerve branches.

The mean time from admission to discharge, including return to work/sports activities, was 7 weeks (range 6-8).
The mean postoperative pain score was 1/10 on the visual analog scale, and the mean postoperative QuickDASH
score was 2.5 (Figure 0).

Mean two-point discrimination was 7 mm. Total active range of motion, according to the Strickland scoring
system, showed 6 excellent, 3 good, and 1 fair result. The data for this group are summarized in the Table.

Three cases of partial wound dehiscence were recorded (2 long MPA flaps and 1 short MPA flap), all resolved by
secondary intention healing. Two cases of partial necrosis of the distal flap edge (both long MPA flaps) were also
managed with surgical debridement followed by secondary healing. One case of digital scar contracture (after a
long MPA flap) required Z-plasty for correction.
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Figure 6. Chronological sequence, as an example, of distal interphalangeal disarticulation of the index finger, the surgical
procedure, and long-term follow-up.

Table. Demographic data and subjective and objective assessment by patient.

Patient | Lesion size | Affected Type of Pain according Quick DASH 2PDT TAM Strickland
(mm) finger MPA flap | to VAS (post-op) | score (post-op) | (mm) System
2.5

19x 12 Middle Long 1/10 9 Average
2 15x 10 Index Short 0/10 2 6 Excellent
3 14x 12 Ring Short 2/10 34 7 Excellent
4 14 x 10 Middle Short 1/10 2.3 8 Good
5 13x 11 Middle Short 2/10 3.5 7 Excellent
6 18x 12 Index Long 1/10 2.5 8 Good
7 12x 10 Index Short 0/10 2 7 Excellent
8 16 x 12 Middle Short 1/10 2 7 Good
9 15x 12 Middle Short 1710 2.6 6 Excellent
10 15x 12 Middle Short 1/10 2.8 6 Excellent

Average 15.1x11.3 110 2.5 7

MPA = midpalmar area; VAS = visual analog scale for pain; 2PDT = 2-point discrimination test; TAM = total active motion.
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DISCUSSION

Due to the characteristics of palmar skin, the range of options for intrinsic hand coverage (excluding extrinsic
and free flaps) described in the literature is varied, although not extensive.

Melone et al.® and Dellon’ described the random thenar flap and its variant, respectively. In both cases, these
flaps are reserved for lesions predominantly involving the fingertips and the distal phalanx. They reported excellent
sensory outcomes; however, flexion contracture was the main complication, related to the period of immobilization
required before separation from the donor site. Their use in proximal defects is now considered obsolete.

Zancolli’s description of reverse MPA flaps, in a small series of patients, represents the first report of pedicled, gla-
brous reverse flaps in the literature. Based on a detailed analysis of hand vascular anatomy, he indicated their use for
massive palmar defects of the four fingers or the base of the thumb, with exposure of bone, tendons, vessels, or nerves.
He reported acceptable outcomes, with no flap loss, although sensory outcomes at final follow-up were not addressed.

Vasconez et al. reported the use of a palmar flap to correct contractures of the first web space, based on cutaneous
branches of the digital artery of the index finger, with acceptable outcomes and no scar contracture.'’

Zaidenberg and Angrigiani proposed a “rational organization” of reverse MPA flap design, incorporating digital
and dorsal variants (in short and long forms). In a series of 88 patients, 24 underwent reverse MPA flaps, with a
6% rate of total loss and 3% of partial loss; however, the specific subgroup was not detailed, nor were final sensory
outcomes reported.’

Omakawa et al. conducted an anatomical study of 30 cadaveric hands and described two regions: the distal
midpalmar region, with 8 to 15 cutaneous branches (arising from the three common digital arteries) capable of
perfusing an area of 5 x 3 cm, and the radial midpalmar border, with 3-6 cutaneous branches (arising from the
superficial palmar arch). They proposed two flaps: a transversely designed distal midpalmar flap, with a pivot point
at the proximal Edwards’ arcade for finger defects, and a radial midpalmar border flap for thumb defects. They
highlighted favorable aesthetic outcomes without scar contracture as an advantage.'"'?

Meanwhile, Orbay et al., in a clinical anatomy study, proposed a reverse flap based on the superficial palmar
branch of the radial artery, extending from the wrist crease to the transverse palmar crease, with a maximum width
of 2.5 cm and a length of 10 cm. In a series of 36 patients, they reported a single case of necrosis, which healed by
secondary intention."

In the present study, the anatomical consistency of cutaneous branches, together with the palmar-dorsal and dig-
ital anastomotic systems, was analyzed, highlighting their regularity and making flap design predictable. Regard-
ing clinical outcomes, a higher rate of complications was observed compared with the reference literature; these
included wound dehiscence and marginal necrosis, which resolved by secondary intention healing, except for one
case of scar contracture that required Z-plasty.

Regarding the reinnervation of a non-innervated flap, published studies support the role of axonal sprouting from
the recipient bed into the flap, contributing to the final outcome in the two-point discrimination test. This is further
supported by histochemical evidence of nerve regeneration at the margins of the studied flaps.'*"

The limitations of this study include its retrospective design, the small sample size, and the heterogeneity in age
and occupations (predominantly manual workers). However, we consider as strengths the cadaveric confirmation
of palmar and digital vascular anatomy, as well as the inclusion of a relatively homogeneous series of patients
treated by a single surgeon.

FINAL CONSIDERATIONS

The palmar cutaneous perforating branches, together with the palmar-dorsal and digital anastomotic systems,
were found to be consistent and reliable, allowing predictable flap design. The reverse pedicled midpalmar flap, in
both its short and long variants, proved effective for the treatment of patients with finger defects.

Conflicts of interest: The authors declare no conflicts of interest.
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ABSTRACT

Introduction: Osteochondromas are the most common benign osteochondral tumors. Their size is rarely an indication for sur-
gery, and large osteochondromas are usually reported as isolated cases. However, although rare, the potential for malignant
transformation exists. We present a series of large osteochondromas in a pediatric population treated surgically, along with a
review of the literature. Materials and Methods: A retrospective, multicenter cohort study was conducted in skeletally immature
patients with large osteochondromas who underwent surgical treatment. Tumor volume was assessed using preoperative imaging.
Demographic and surgical variables were analyzed. Results: Twenty patients (16 males and 4 females) from eight sites were
included; four had multiple osteochondromatosis and the mean age at surgery was 14 years. Nineteen patients had lesions in the
extremities, and one had an extraspinal osteochondroma. Four patients were asymptomatic. Magnetic resonance imaging was
used to determine tumor volume; the mean volume was 65 cm? (range: 43.75-904.78 cm?). Surgical treatment included marginal
resection in 10 cases, wide resection in 8, and intralesional resection in 2. Mean follow-up was 4 years and 8 months. There were
two immediate postoperative complications, two late complications, and one recurrence. Conclusions: Surgical removal of large
osteochondromas in the extremities and in extraspinal locations should be considered even in asymptomatic patients due to the
risk of malignant transformation. Intralesional resection should be avoided because of the risk of recurrence. Marginal resection is
the preferred approach, although selected cases may require wide resection with reconstruction.

Keywords: Osteochondroma; pediatric; staging; surgical treatment.

Level of Evidence: IV

Osteocondromas voluminosos durante el crecimiento: serie de casos y revision bibliografica

RESUMEN

Introduccidn: Los osteocondromas son los tumores osteocartilaginosos benignos mas frecuentes. Raramente su volumen es
indicacién de cirugia y los osteocondromas voluminosos, en general, se comunican como casos aislados. La posibilidad de
malignizacion, aunque excepcional, existe. Se presenta una serie de osteocondromas voluminosos en una poblacién pediatrica
tratados quirdrgicamente, y se revisa la bibliografia. Materiales y Métodos: Investigacion retrospectiva de cohorte multicéntrica
de pacientes inmaduros esqueléticamente con osteocondromas voluminosos operados. Se evalué el volumen en imagenes pre-
operatorias. Se analizaron diferentes variables demograficas y quirdrgicas. Resultados: Se incluyé a 20 pacientes (16 varones y
4 nifas) con una edad media al operarse de 14 afios, provenientes de 8 centros, 4 con osteocondromatosis multiple. Diecinueve
tenian osteocondromas en las extremidades y uno, un osteocondroma extracanal en el raquis. Cuatro eran asintomaticos. Se
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usaron las imagenes preoperatorias de resonancia magnética para definir el volumen; el volumen general promedio fue 65 cm?
(43,75-904,78 cm?®). La cirugia incluyé reseccion marginal (10 casos), amplia (8 casos) e intralesional (2 casos). Tiempo medio de
seguimiento: 4 afos y 8 meses. Hubo 2 complicaciones posoperatorias inmediatas, y 2 complicaciones posoperatorias alejadas y
una recidiva. Conclusiones: Considerar la ablacion quirdrgica de osteocondromas voluminosos de extremidades y extracanala-
res raquideos, aun sin sintomas, ante la posibilidad de malignizacion. Evitar la ablacién intralesional por los riesgos de recidiva. El
procedimiento adecuado es la reseccién marginal; algunos casos seleccionados requieren reseccién amplia con reconstruccion.
Palabras clave: Osteocondroma voluminoso; nifios; estadificacion; tratamiento quirdrgico.

Nivel de Evidencia: IV

INTRODUCTION

Osteochondromas are the most common benign osteocartilaginous tumors' and are typically located in the low-
er extremities, with an estimated prevalence ranging from 0.44% to 4.5%.> Surgical resection is indicated when
lesions are symptomatic, when associated complications are present, for cosmetic reasons, or when malignant
transformation is suspected.’ Size alone is rarely an indication for surgery in skeletally immature patients.

Reports of large osteochondromas are generally limited to isolated cases, and surgical management is relatively
uncommon.*¢

The aim of this study was to evaluate our own case series of large osteochondromas in a skeletally immature
population undergoing surgery, to analyze their main characteristics and the treatments performed, as well as short-
and mid-term outcomes, and to conduct a literature review.

MATERIALS AND METHODS

A multicenter, retrospective cohort study was conducted across Orthopedic and Traumatology Departments in
three countries (8 sites), through review of cases recorded over the past 20 years (2004-2023).

Patients <18 years of age or skeletally immature (based on bone age), with large osteochondromas who under-
went surgical treatment and had a minimum follow-up of one year, were included. To be eligible, patients were
required to have osteochondromas with a volume >40 cm?3; this threshold was selected because a pedunculated
osteochondroma of the knee typically has a smaller volume.

Patients with intraspinal osteochondromas were excluded. However, patients with extraspinal vertebral osteo-
chondromas without neurological risk were included if they met the specified volume criterion. Table | summariz-
es the variables analyzed in each case.

As this was a multicenter observational study, each participating institution’s Ethics Committee determined that
formal approval was not required. Nevertheless, all parents, legal guardians, or patients (depending on age, clinical
context, and local regulations) provided informed consent for participation in the study and for publication of their
data and images, ensuring preservation of patient confidentiality.

Statistical Analysis
Parametric variables were analyzed using Student’s 7 test, and nonparametric variables using the chi-square test.
Preoperative tumor volume was estimated as an approximation of the actual volume based on the best available
imaging study: tumor shape was matched to the closest geometric form, and volume was subsequently calculated
mathematically (Figure 1). Although these measurements were approximate rather than exact, they were close to
the true values.
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Table 1. Variables analyzed in the study.
Sex
Associated syndromes or conditions
Age at the time of surgery
Anatomical location
Affected bone and location within the bone
Preoperative imaging studies
Estimated tumor volume
Preoperative symptoms
Preoperative biopsy”
Type of resection™
Use of grafts, bone substitutes, or other reconstruction methods
Postoperative immobilization”
Early complications
Fixation/osteosynthesis used”
Histopathological findings
Need for additional treatment
Follow-up duration
Age at last follow-up
Late complications
Recurrence
Sequelae and functional outcomes at follow-up
Follow-up imaging studies

" If applicable.
"According to the Enneking staging system.

Truncated cone
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Figure 1. Magnetic resonance imaging of the distal thigh in coronal and sagittal planes. Example of volume estimation of a
distal femoral osteochondroma approximated to a truncated cone (case 4) (see Table 2).
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Five patients had associated conditions (4 with multiple osteochondromatosis and 1 with Down syndrome). The
anatomical locations are shown in Figure 2: 12 lesions were in the lower extremities, 7 in the upper extremities,
and 1 in the spine. No statistically significant differences were found between sex and age (p = 0.6), nor between
sex and anatomical location (p = 0.53).

Femur
Humerus

Fibula
Tibia
Thoracic
vertebra

Figure 2. Anatomical distribution of skeletal osteochondromas.

Scapula
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Four patients were asymptomatic preoperatively; in these cases, the indication for surgery was based on tumor
volume or patient and family concern. In the remaining 16 cases, symptoms included pain (12 cases) (Figure 3),
progressive deformity or mass (4 cases), limitation of joint motion (3 cases), and neurological symptoms (regional
paresthesia in 2 cases).

Figure 3. Case 3. Proximal humeral osteochondroma.A. Preoperative anteroposterior radiograph of a left proximal humeral
osteochondroma (179.6 cm3). B. Preoperative clinical appearance. C. Radiograph at 18 months postoperatively showing
pseudarthrosis.

All patients underwent plain radiographs; all but one also underwent magnetic resonance imaging (MRI), and
12 additionally underwent computed tomography (CT). MRI was primarily used to assess tumor volume. The
mean tumor volume was 65 cm? (range 43.75-904.78). No statistically significant differences were found in tumor
volume between sexes (p = 0.51), nor between osteochondromas of the upper and lower extremities (p = 0.27).

Only three patients underwent image-guided percutaneous biopsy prior to resection; histopathological findings
were consistent with the final surgical specimen.
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Ten patients were treated with marginal resection, eight with wide resection, and two with intralesional ablation.
All tumors were sessile osteochondromas on histopathological examination, with no evidence of malignancy or
soft tissue invasion, and a cartilage cap thickness >3 cm.

The most performed procedure was simple tumor resection (16 cases: 15 in the extremities and 1 in the spine),
either en bloc or piecemeal; reconstruction was required in only four cases. In the spinal osteochondroma, the pro-
cedure was supplemented with arthrodesis and pedicle instrumentation, without reconstruction.

Two early minor postoperative complications occurred, both in patients with extremity osteochondromas, and
both resolved completely: one case of joint stiffness and one case of transient common fibular nerve deficit. No
patient required additional treatment.

The mean follow-up was 4 years and 8§ months (range 1-24 years), and the mean age at follow-up was 17 years
and 2 months (range 12-22 years). Two late complications were observed: one case of proximal humeral pseu-
darthrosis that was not treated because it did not affect activities of daily living (patient with Down syndrome and
significant cognitive impairment) (Figure 4), and one case of persistent pain in the adductor region, which resolved
with injections and tenotomies.

Left femur

[

Axial slice

S R A
Figure 4. Case 1. Large osteochondroma of the left femur (209.8 ™). A. Preoperative radiographs of the distal femur
in anteroposterior and lateral views. B. Preoperative MRI of the same anatomical region, axial plane.

C. Surgical specimen. D. Radiographs of the entire femur, including the hip and knee, in anteroposterior, lateral,

and oblique views at 6 months postoperatively, after partial femoral resection including the tumor mass, followed by
reconstruction with autologous fibular and iliac crest grafts, addition of bone substitutes, and osteosynthesis with a
locked solid titanium intramedullary nail (proximal and distal locking), along with locking plates for the fibular graft.
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Considering both early and late complications together, for extremity osteochondromas (n = 19), no statistically
significant differences were found between upper and lower extremities (p = 0.53).

One recurrence occurred after incomplete resection, and the patient received expectant management (case 18).

Two patients had residual sequelae: one with limited active shoulder abduction (case of proximal humeral pseu-
darthrosis), and another with mild right thoracic scoliosis (12°), secondary to ablation; neither required further
treatment.

DISCUSSION

The surgical indications for excision of osteochondromas in the immature skeleton are well established in the
literature.” Tumor volume alone does not justify surgical resection; however, an increase in size after completion
of skeletal growth has been associated with a higher risk of malignant transformation, although this relationship
has not been clearly defined.’

We did not identify published case series of large osteochondromas treated surgically similar to this cohort, nor
reliable methods for volumetric measurement on imaging studies. Therefore, preoperative tumor volume (CT,
MRI) was estimated by approximating tumor morphology to the closest geometric shape.

Large osteochondromas of the extremities usually produce symptoms depending on their location; however,
four patients in our series were referred while asymptomatic after incidental detection of a mass. In contrast, spi-
nal osteochondromas are typically exophytic lesions arising from the posterior elements (Case 9, Table 2; Figure
5) and extending outside the spinal canal. They usually present as a palpable mass and rarely cause symptoms or
neurological compromise.® In some cases, they may lead to secondary deformity.” However, growth toward the
spinal canal, regardless of size, may result in severe neurological deficits, particularly in the cervical and thoracic
regions.'’

Biopsy is generally not required in cases of typical osteochondromas. In three patients in our series, biopsy was
performed due to suspicion of malignant transformation based on rapid growth, although cartilage cap thickness
and morphology remained within benign parameters.

Although spontaneous regression of osteochondromas has been described in children,'' complete excision with
free margins remains the treatment of choice.

A ; & & N v _

Figure 5. Case 9. A. Computed tomography of the thoracic spine, axial plane, showing a large extracanal osteochondroma
(103 cm3) at T6. B. Anteroposterior and lateral radiographs of the thoracic spine at 1 year and 5 months postoperatively,
following intralesional resection and arthrodesis with pedicle instrumentation. Note the absence of tumor recurrence.
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In large or rapidly growing tumors, the main concern, although uncommon, is malignant transformation into
chondrosarcoma; osteosarcoma and other neoplasms have also been reported.'>!* The risk of malignant transfor-
mation to chondrosarcoma is estimated to be <1% in solitary osteochondromas and 2—5% in multiple osteochon-
dromatosis.'*!* Four patients in our series had multiple osteochondromatosis. Although malignant transformation
is more common in adults, pediatric cases have been reported;'® secondary chondrosarcomas account for more than
half of cases in children and adolescents.'

In addition to tumor growth and multiplicity, the literature consistently highlights an increased risk of malig-
nant transformation in lesions located in the spine and in the girdles (shoulder and pelvic), as well as in recurrent
tumors. '

The differential diagnosis between osteochondroma and low-grade chondrosarcoma is based on clinical presen-
tation (pain and progressive enlargement suggest malignancy) and imaging findings: size >5 cm, irregular margins,
cortical disruption, soft tissue invasion, and cartilage cap thickness >2-3 cm should raise suspicion of malignant
transformation.*'® We consider MRI an essential imaging modality for this evaluation.

Rapid tumor growth and a large mass in skeletally immature patients support surgical excision, even in the
absence of symptoms. When malignant transformation is suspected, wide resection should be performed.'”'® Im-
age-guided percutaneous biopsy may not be representative in large tumors, as it may miss areas of histological
atypia. ' Furthermore, the differential diagnosis with low-grade chondrosarcoma is often challenging, which rein-
forces the indication for wide surgical resection.'®

Most cases in this series were symptomatic or showed rapid growth, justifying surgical treatment. Four asymp-
tomatic patients underwent surgery due to tumor volume and family concern.

There is no consensus on classifying osteochondromas of the extremities as active or aggressive according to
the Enneking system; however, wide resection is generally accepted for aggressive lesions and marginal resection
for active ones,” and marginal resection is adequate for most osteochondromas.” Wide resections may require
reconstruction and tailored osteosynthesis (cases 1, 2, 3, and 4, Table 2).

In this cohort, the decision to perform wide resection was based on the following principles: (1) in very large
osteochondromas, limited resection may fail to include occult atypical areas;'® (2) as all tumors were sessile, mar-
gins were established through healthy tissue to reduce the risk of recurrence; and (3) when the tumor base involves
a large portion of the bone circumference, excision may result in postoperative structural weakness or spinal in-
stability (cases 1, 2, 3, 4, and 9; Figures 3, 4, and 5). Therefore, associated osteosynthesis with reconstruction or
arthrodesis is essential in these cases.

In general, long-term functional outcomes are excellent for osteochondromas around the knee treated with mar-
ginal resection alone (cases 5, 6, and 13).>' However, resection of osteochondromas located at the proximal fibula
carries a risk of injury to the common fibular nerve (Figure 6).”> One patient in our series developed a transient
deficit following wide resection (case 14).

Figure 6. Case 6. A. Anteroposterior and lateral radiographs of the left leg showing a large proximal fibular osteochondroma
(135.12 cm?3). B. MRI of the same anatomical region, sagittal T1- and T2-weighted sequences. C. Intraoperative images.
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We found no reports describing recurrence or prolonged postoperative pain in proximal humeral osteochon-
dromas. However, one patient in our series developed proximal humeral pseudarthrosis following a postoperative
fracture, despite osteosynthesis and reconstruction (Figure 3). In such cases, intramedullary nailing appears to be
a more appropriate option (Figure 7).

3
(9 4 J

Figure 7. Case 2. A. Anteroposterior and lateral radiographs of the proximal humerus showing an
osteochondroma (57.5 cm3). B. T1-weighted MRI of the shoulder in the coronal plane. Tumor dimensions
and cartilage cap are visualized. C. Anteroposterior and lateral radiographs of the humerus more than 6
years after surgery, showing stable reconstruction.
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In general, symptom resolution exceeds 90% when resection is complete in limb osteochondromas.*

Intracanal spinal osteochondromas frequently cause neurological deficits, even when small. In such cases, the
indication for surgery depends on location rather than size.*

The postoperative recurrence rate is reported to be <2% after complete resection.® The only recurrence in
our series occurred after intralesional resection (case 18; volume 46.8 cm?3). The patient with a large exophytic
thoracic vertebral osteochondroma (case 9; volume 103 cm3) showed no recurrence (Figure 5). Recurrence does
not appear to be related to Enneking staging system stage, as it has been described even in latent lesions.?® These
findings suggest that recurrence is more closely related to intralesional resection than to tumor volume or stage.

The main limitations of this study are its retrospective design and the relatively small sample size, despite
its multicenter nature. However, this cohort is highly specific, involving large osteochondromas in skeletally
immature patients, and the number of cases appears sufficient for analysis. We found no comparable studies;
most published data consist of case reports. The international multicenter nature of this series, including 20
patients, reflects both the rarity of large osteochondromas and current variability in diagnostic and therapeutic
approaches.

CONCLUSIONS

Surgical resection of large osteochondromas of the extremities should be considered, particularly those locat-
ed in the girdles (shoulder and pelvic) or in proximal regions, as well as large extracanal spinal osteochondro-
mas, even in the absence of symptoms, given the potential for malignant transformation.

Intralesional resection of large osteochondromas should be avoided due to the risk of recurrence or residual
tumor. Marginal resection is usually sufficient; however, in selected cases, wide excision may be indicated.
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Custom Reverse Shoulder Arthroplasty
for Severe Postoperative Glenoid Bone
Defects: A Retrospective Case Series

Diego J. Gomez, Nadia Gabotto Loredo, Gonzalo M. Viollaz, Gustavo Teruya, Alvaro Muratore, Alejandro Tedeschi,
Lucio Gutiérrez, Rafael Duran, Santiago Avila Posada, Daniel Moya
Upper Limb Team, Hospital Britdnico de Buenos Aires, Autonomous City of Buenos Aires, Argentina

ABSTRACT

Introduction: Glenoid bone loss complicates revision reverse shoulder arthroplasty. Patient-specific 3D-printed glenoid implants
allow accurate reconstruction of severe defects. Objective: To evaluate the clinical and radiographic outcomes of customized
glenoid baseplates in revision reverse shoulder arthroplasty with severe glenoid defects, and to record intraoperative and post-
operative complications. Materials and Methods: A retrospective series of eight consecutive patients (June 2022-May 2023)
with Gohlke type >3 defects who underwent revision reverse shoulder arthroplasty with 3D-planned titanium glenoid baseplates
based on computed tomography. Range of motion, function, pain, surgical time, and radiographic integration were analyzed, with
a 12-month follow-up. Results: Range of motion improved significantly: forward elevation increased by 78.8° (p < 0.001), external
rotation by 7.5° (p = 0.019), and internal rotation improved from the gluteal level (trochanter-L5) to a mean of T12 (range: T7—glu-
teal level). Pain decreased by 6.4 points (p < 0.001). The Constant-Murley score increased by 48.9 points (p < 0.001). Complete
osseointegration was observed in 7 cases; the remaining case showed radiolucent lines without loosening. No major complications
were recorded. Conclusions: In revision reverse shoulder arthroplasty with severe glenoid bone defects, 3D-printed glenoid base-
plates restore anatomy, significantly improve function, and reduce pain at one year, with a high rate of integration and low morbidity.
Keywords: Reverse shoulder arthroplasty; glenoid bone defects; patient-specific implants; 3D printing; revision surgery.

Level of Evidence: IV

Artroplastia inversa de hombro personalizada para defectos 6seos glenoideos severos posoperatorios.
Estudio retrospectivo de casos clinicos

RESUMEN

Introduccion: La pérdida 6sea glenoidea complica las revisiones de una artroplastia inversa de hombro. Los implantes gle-
noideos personalizados impresos en 3D permiten reconstruir, con precision, defectos severos. Objetivos: Evaluar los resulta-
dos clinicos y radiograficos de las metaglenas personalizadas en revisiones de artroplastias inversas de hombro con defectos
glenoideos severos, asi como registrar las complicaciones intra y posoperatorias. Materiales y Métodos: Serie retrospectiva
de 8 pacientes consecutivos (junio 2022-mayo 2023) con defectos tipo Gohlke >3 sometidos a una artroplastia inversa de hom-
bro de revisiéon con metaglenas de titanio planificadas en 3D sobre una tomografia. Se analizaron la movilidad y la funcién, el
dolor, el tiempo quirdrgico y la integracion radiografica; seguimiento de 12 meses. Resultados: Los rangos de movilidad se
incrementaron: la elevacion anterior aumenté 78,8° (p <0,001); la rotacién externa, 75° (p = 0,019); la rotacion interna, des-
de el nivel gliteo (trocanter-L5) a un promedio de T12 (rango T7-nivel gluteo). El dolor disminuy6 6,4 puntos (p <0,001). La
escala de Constant-Murley aumenté 48,9 puntos (p <0,001). Se constato la integracion 6sea completa en 7 casos; el restan-
te tenia lineas radiolucidas sin aflojamiento. No se registraron complicaciones mayores. Conclusiones: En las revisiones de
artroplastias inversas de hombro con defectos glenoideos severos, las metaglenas impresas en 3D restauran la anatomia,
mejoran significativamente la funcion y reducen el dolor al primer afio, con una alta tasa de integraciéon y baja morbilidad.
Palabras clave: Artroplastia inversa de hombro; defectos dseos glenoideos; implantes personalizados; impresién 3D; revision
quirurgica.

Nivel de Evidencia: IV
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INTRODUCTION

In recent decades, reverse shoulder arthroplasty has emerged as an effective treatment option for rotator cuff tear
arthropathy. Due to its favorable outcomes, its indications have expanded to include four-part proximal humeral
fractures in elderly patients, massive irreparable rotator cuff tears without arthropathy, and revision of failed os-
teosynthesis and hemiarthroplasties.'*

Loss of glenoid bone stock is a common and challenging problem when performing reverse shoulder arthroplas-
ty.** Glenoid bone defects are more frequently found in revision procedures, due to prosthetic loosening (septic or
aseptic), periprosthetic glenoid fractures, and traumatic defects secondary to migration or protrusion of implants
used for proximal humeral fractures.®*

Various complex techniques have been described to address glenoid bone loss, including one- or two-stage
revision procedures using iliac crest or humeral head bone grafts, the use of metal-augmented baseplates, Mark
Frankle’s alternative centerline technique, and even salvage hemiarthroplasty.*> More recently, patient-specific im-
plants manufactured using 3D printing based on precise preoperative digital planning have been introduced, which
adapt to each patient’s specific anatomical defects. This technology provides a better management of complex
glenoid bone defects by optimizing surgical accuracy and primary implant stability.”!"

Given the novelty of this technology and the limited available evidence, we have not yet determined which tech-
nique provides the best outcomes.

The aim of this study was to evaluate the clinical and radiological outcomes at one year of follow-up in patients
undergoing revision reverse shoulder arthroplasty for severe postoperative glenoid bone defects using patient-spe-
cific glenoid components, as well as to record intraoperative and postoperative complications.

MATERIALS AND METHODS

A retrospective analysis was conducted of a consecutive series of patients with severe glenoid bone defects
associated with prior surgery, treated with reverse shoulder arthroplasty using patient-specific glenoid implants,
between June 2022 and May 2023. Adults with severe postoperative glenoid bone defects (=3 according to the
Gohlke classification) and a minimum clinical and radiographic follow-up of one year were included. Patients
undergoing primary arthroplasty, those with a history of shoulder infection, and those with neurological deficits in
the affected limb were excluded.

Glenoid defects were classified according to the Gohlke classification.'?

- Type 1: mild bone loss, central or eccentric, with retroversion <15°.
- Type 2: moderate contained bone loss, with an intact glenoid vault.

- Type 3: severe eccentric defect with retroversion >20° or significant loss of glenoid width.

Type 4: moderate medialization of the glenoid surface.
- Type 5: defect with residual depth <10 mm for implant fixation.

All patients underwent a preoperative protocol that included true anteroposterior and axial radiographs of the
affected shoulder, thin-slice computed tomography (CT) with 3D reconstruction, and laboratory tests including
erythrocyte sedimentation rate and C-reactive protein.

In the postoperative period, clinical and radiographic evaluations were performed immediately after surgery, at
1 month, 6 months, 1 year, and at the final follow-up. Operative time (in minutes) was recorded based on surgical
reports, and intraoperative and postoperative complications were documented during scheduled follow-up visits.

The treating surgeon assessed shoulder range of motion preoperatively and at follow-up visits. Evaluation pa-
rameters included active motion, measured as forward elevation in the scapular plane, external rotation with the
elbow at the side, and internal rotation estimated according to the highest vertebral level reached by the thumb. In
addition, pain was assessed using the visual analog scale, and function was evaluated using the Constant-Murley
score.
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Statistical Analysis

Categorical variables are expressed as frequencies and percentages, and continuous variables as mean and stan-
dard deviation or median and interquartile range, depending on their distribution. Normality of differences be-
tween pre- and postoperative values was assessed using the Shapiro—Wilk test. When normality was confirmed, the
paired Student’s t-test was used; otherwise, the nonparametric Wilcoxon signed-rank test was applied. A p value
<0.05 was considered statistically significant. All analyses were performed using GraphPad Prism 9.0 (La Jolla,
CA, USA).

Custom Implant Design

Preoperative computed tomography (CT) scans were used for implant design and manufacturing. Preoperative
planning was performed using 3D Slicer (version 5.6.2) and Meshmixer (version 3.5.474, Autodesk Inc., San Ra-
fael, CA, USA). This allowed detailed evaluation of the bone defect and creation of a 3D biomodel of the patient’s
scapula (Figure 1).

Figure 1. Use of 3D computed tomography for preoperative planning.
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The patient-specific glenoid baseplate was designed in collaboration with a biomedical engineer, developing a
component precisely adapted to the patient’s bone defect, with the aim of reproducing the glenoid lateralization,
inclination, and version specified by the surgeon (Figure 2).

1 .3
, St
\ _ L
b 2 %
[ 11 - R 1

Figure 2. Design of the glenoid baseplate adapted to the patient’s bone defect.

When the bone defect was so severe that premorbid lateralization could not be reliably estimated, superimpo-
sition was performed using a CT scan obtained prior to the initial surgery (if available) or, alternatively, from the
contralateral shoulder (Figure 3).

Figure 3. Use of preoperative CT scans and superimposition to calculate lateralization values.
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The direction and length of the screws were subsequently planned according to each patient’s bone quality and
bone stock. The goal, whenever possible, was to achieve at least 1 cm of contact between the central peg and native
bone, along with the placement of at least two screws measuring 4.5 mm in diameter and 30 mm in length (Figure 4).

24 mm
(locked)

28 mm

(locked)
40 mm -

(non-locked)

A B

Figure 4. Planning of screw orientation (A) and measurement (B) for the glenoid baseplate.

The custom baseplate was designed to be Morse taper-compatible with a 36-mm Unique® glenosphere (Biopro-
tece, Villa Ballester, Buenos Aires, Argentina).

Once the implant was designed, patient-specific surgical guides were developed, and the implant was manufac-
tured using 3D printing in titanium (Figures 5 and 6).

.

Figure 5. A. Patient-specific glenoid baseplate model in plastic. B. Titanium glenoid baseplate
model adapted to the glenoid defect.
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Figure 6. Patient-specific surgical guides tailored to the defect.

The guides were designed with four points of support on peripheral glenoid landmarks, considering retractor
placement, to allow precise positioning of the central guide pin or drill.

Prior to final manufacturing, full scapular biomodels and full-scale plastic prototypes of the baseplates were pro-
duced (Figure 7). This enabled the surgeon to become familiar with the intraoperative scenario and, if satisfactory,
approve the final design.

The definitive patient-specific baseplate was manufactured using 3D printing technology in ELI grade 5 trabec-
ular titanium, with a trabecular metal interface of 0.4 mm thickness, 70% porosity, and an additional sandblasted
surface treatment to enhance osseointegration (Figures 8 and 9).

Figure 7. Biomodels of the entire scapula and full-scale plastic prototypes of the glenoid baseplates.
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Figure 8. Patient-specific glenoid baseplate made of trabecular titanium.

Figure 9. Glenosphere coupled to the patient-specific glenoid baseplate.

Surgical Technique

Patients underwent surgery in the beach-chair position under sedation and regional anesthesia of the affected
limb. A deltopectoral approach was used in all cases. After release of adhesions and resection of fibrotic tissue,
osteosynthesis hardware or prosthetic components were removed as appropriate.

Following circumferential release of the glenoid, bony landmarks were identified for placement of the 3D-print-
ed titanium guide, which was used as a template to guide drilling for the central peg (Figure 10).
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Figure 10. Glenoid defect and bony landmarks for positioning the 3D
guide.

A full-scale plastic prototype of the baseplate was used to verify fit, followed by implantation of the definitive
patient-specific component (Figures 11 and 12).

Figure 11. A. Planning of central pin placement. B. Placement of the central post pin and reaming stop guide using
the plastic glenoid baseplate prototype.
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Figure 12. A. Final patient-specific implant in a plastic model. B. Final patient-specific implant in vivo.

The humeral component was addressed as required (either as a primary implantation, revision procedure, or
retention of the existing implant) depending on the case.

All patients followed the same postoperative protocol: immobilization in a sling for the first 6 weeks, combined
with gentle passive range-of-motion exercises. From week 6 onward, assisted active exercises were introduced to
improve mobility, followed by progressive strengthening beginning at week 12. Full recovery was expected within
6 to 12 months.

RESULTS

The series comprised eight consecutive patients with a minimum follow-up of 12 months. The mean age was
67.3 years (range 38-84). Seventy-five percent were women and 25% were men. The affected shoulder was the
right in six patients and the left in the remaining two (Table 1).

Table 1. Demographic data.

Age 67.3 years (38-84 years)
Sex Male Female
6 (75%) 2 (25%)
Dominant side Right Left
6 (75%) 2 (25%)
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The mean operative time was 142.5 minutes (range 105-180) (Table 2).

Table 2. Operative time per patient.

Patient Operative time Preoperative Number of Treatment
(min) diagnosis previous surgeries

Glenoid loosening

Glenoid revision

2 105 Spacer Humeral + glenoid revision
3 155 Failed hemiarthroplasty Humeral + glenoid revision
4 180 Failed osteosynthesis Humeral + glenoid revision
5 180 Failed osteosynthesis Humeral + glenoid revision
6 120 Failed hemiarthroplasty Humeral + glenoid revision
7 130 Glenoid loosening Glenoid revision

8 125 Failed osteosynthesis Humeral + glenoid revision

The distribution of bone defects according to the Gohlke classification was as follows: type 3 (25%), type 4
(50%), and type 5 (25%).

In this series, significant improvements were observed in all analyzed variables. Forward elevation increased
by a mean of 78.8° (95% confidence interval [CI] 65.0-92.5; p < 0.001), external rotation improved by 7.5°
(95% CI 1.6-13.4; p = 0.019), and internal rotation improved from the gluteal level (trochanter-L5) to a mean
of T12 (range T7-gluteal level). Pain, measured using the visual analog scale, decreased by 6.4 points (95% CI
-7.6 to -5.2; p < 0.001). The Constant—-Murley score increased by 48.9 points (95% CI 42.6-55.1; p < 0.001)
(Table 3).

Table 3. Relationship between preoperative and postoperative clinical and functional parameters.

Preoperative values Postoperative values
(SD) (SD)

Anterior elevation 45 + 14.1° 123.8 £ 16.9° <0.001
External rotation 8.8+9.9° 162 £5.2° 0.019
Internal rotation Gluteus-L5 T12 (T7-gluteus) 0.022
VAS 8.0+13 1.6+0.7 <0.001
Constant-Murley Scale 16.9 +4.7 65.8+9.6 <0.001

VAS = visual analog scale.
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Radiographic analysis showed appropriate implant integration in seven of the eight cases (Figures 13 and 14).

Figure 13. A and B. Anteroposterior and axial shoulder radiographs, one-year postoperative follow-up, showing correct
implant osseointegration. C. Functional outcome one year after surgery.

Figure 14. A. Preoperative radiograph of a patient with a severe glenoid defect. B and C. Anteroposterior and lateral shoulder
radiographs, one-year postoperative follow-up, showing correct implant osseointegration.
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In one patient with sequelae of a previously treated proximal humeral fracture with a PHILOS plate and se-
vere glenoid erosion caused by the implant screws, loosening of the glenoid baseplate with mild migration was
observed. This resulted in moderate functional limitation, although pain control remained adequate. The patient
was satisfied with pain relief and declined further surgical intervention; therefore, conservative management was
adopted (Figure 15).

Figure 15. Radiographs of a patient with glenoid component loosening and migration, without clinical consequences.

DISCUSSION

Our results demonstrate that the use of patient-specific glenoid implants is a technically feasible option for the
treatment of severe glenoid defects in revision surgery. Despite the complexity of the included cases, only one
complication related to loosening of the glenoid component was observed, highlighting the stability achieved in
most patients over a minimum follow-up of 12 months.

These findings are consistent with previous studies, although differences exist in patient populations and surgical
indications. Chammaa et al..® in a series of 37 patients, the largest reported to date, described favorable outcomes
at a mean follow-up of 60 + 25 months, with significant improvements in the Oxford Shoulder Score (from 11 to
27 points) and the Subjective Shoulder Value (from 23% to 60%). Active elevation increased from 39° + 23° to 64°
+ 38°, and external rotation from 6° + 16° to 15° = 17°.

However, their study focused on primary arthroplasties, whereas our series includes only revision procedures,
which reinforces the relevance of our findings by demonstrating that patient-specific implants are also effective in
more complex scenarios. In addition, it is important to note that the implant used in the study by Chammaa et al.
was not patient-specific but rather based on a design concept similar to that of hip arthroplasty, which may limit its
effectiveness compared with implants specifically designed for shoulder anatomy.

Likewise, Rangarajan et al. reported notable improvements in the Constant-Murley score (from 24.6 to 60.4)
and the ASES score (from 32 to 79), as well as in range of motion, with increases in forward elevation (from 53°
to 124°), abduction (from 42° to 77°), and external rotation (from 17° to 32°) in a series of 19 patients. However,
that study included both primary and revision arthroplasties, resulting in a more heterogeneous cohort, which
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may limit direct comparability with our findings. In the present series, patients had a mean of 1.3 prior surgeries
(range 1-4), reflecting a more complex clinical scenario; nevertheless, the functional improvements observed were
comparable.'

Bodendorfer et al. and Ortmaier et al. reported similar outcomes in terms of range of motion and function, with
a minimum follow-up of 24 months, in series of 11 and 9 patients, respectively.>* In the study by Bodendorfer et
al., improvements were observed in forward elevation (from 95° to 150°), external rotation (from 13° to 40°), and
internal rotation (from the sacrum to L3).* Ortmaier et al. reported improvements in the Constant-Murley score
(from 10.9 to 51.7), the Subjective Shoulder Value (from 11% to 52%), and abduction (from 19° to 121°).> Tt is
important to note that, in the series by Bodendorfer et al., surgeries were performed by four surgeons across three
different institutions, which may have introduced variability in both technique and surgical experience.*

In our series, no intraoperative complications were observed. A single postoperative complication related to the
glenoid component was recorded: one patient with a type 5 defect according to the Gohlke classification devel-
oped signs of baseplate loosening during follow-up. Although this rate (12.5%) is comparable to that reported in
other series, studies such as that by Chammaa et al. reported a complication rate of 24% (9 of 37 patients), and
Rangarajan et al. reported a rate of 21% (4 of 19 patients), including infections, hematomas, and intraoperative
fractures.®!! Other authors, such as Porcellini et al., described minor radiographic findings and one dislocation
in a series of six patients,” whereas Bodendorfer et al.,* and Ortmaier et al.> reported no complications. This
variability may be attributable to differences in the defects treated, surgical experience, technique, and duration
of follow-up.

Patient-specific glenoid implants offer several important advantages. They allow precise adaptation to com-
plex bone defects, improving surgical accuracy and optimizing implant fixation and primary stability. This is
particularly relevant in patients with severe defects in whom conventional implants may not provide an adequate
solution.? Preoperative planning using the described methodology enables accurate assessment of bone stock and
density, maximizing contact with the native glenoid and optimizing screw positioning, trajectory, and length. This
results in improved primary stability and subsequent osseointegration, as observed in our series. Furthermore, the
ability to design patient-specific implants allows effective management of anatomical variability and the specific
characteristics of each glenoid defect.

However, this technique has certain drawbacks, such as a steep learning curve due to the low incidence of
cases, which may impact operative time. In our series, variability in operative time was directly related to the
type of procedure performed; although all cases involved revision arthroplasty, in two patients only the glenoid
component was revised, whereas in the remaining cases both components were addressed. In cases of failed os-
teosynthesis, additional time required for hardware removal must be considered; similarly, failed hemiarthroplas-
ties required removal of the humeral component, generally involving a humeral osteotomy. Another limitation
is the delay between acquisition of the 3D CT scan and surgery. In our experience, once preoperative planning
is approved, the implant can be manufactured and made available to the surgeon within a minimum of 5 weeks.
The cost of patient-specific implants is higher than that of standard off-the-shelf implants, which may represent
a limiting factor in certain settings.

This study has several limitations that should be considered. First, it is a retrospective study without a control
group, which may limit interpretation of the results. Although the number of patients included is comparable to
that of published international studies, the small sample size (eight patients) limits generalizability and may not
capture the full variability of the population with severe glenoid defects. This small sample also precludes statis-
tical power calculation, thereby limiting the validity of comparisons and introducing a potential risk of Type II
error. Therefore, the results should be interpreted as preliminary and descriptive, and studies with larger sample
sizes are required to confirm the effectiveness of patient-specific implants. In addition, the follow-up period was
relatively short (12 months), precluding adequate assessment of long-term implant survival.

Furthermore, no independent evaluator was used to assess range of motion, as measurements were performed
by the treating surgeon during clinical follow-up visits. Another limitation is that imaging follow-up was per-
formed exclusively with plain radiographs in two projections (true anteroposterior and scapular axial views).
Given the complex three-dimensional structure of these implants, CT evaluation could have provided more pre-
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cise information regarding osseointegration; however, it was not performed due to additional costs and radiation
exposure.

The novelty of this technique and its limited indications also restrict the number of patients treated with pa-
tient-specific glenoid implants to date, which further limits generalizability. Longer follow-up and larger cohorts
are required to draw more robust conclusions regarding implant survival and complication rates.

Despite these limitations, this study has several notable strengths. To our knowledge, it is the first study pub-
lished in a national and Latin American setting evaluating patient-specific glenoid implants with a minimum fol-
low-up of one year, thereby providing a valuable contribution. The homogeneity of the study population is another
important strength, as all patients underwent revision arthroplasty, allowing comparison with similar series. In
addition, all procedures were performed by a single surgeon at a single institution, ensuring consistency in surgical
technique and experience, and minimizing variability in outcomes.

CONCLUSIONS

Our study reports promising preliminary findings on the use of patient-specific glenoid implants in revision
reverse shoulder arthroplasty, demonstrating positive outcomes in terms of range of motion, function, and pain
reduction, with a low complication rate. Although further studies with larger cohorts and longer follow-up are
required, these preliminary results support the use of this technology in patients with severe glenoid defects.
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ABSTRACT

Objective: To analyze the preoperative evaluation of osteoporosis during surgical planning for adult patients undergoing spinal
fusion surgery, from the perspective of spine surgeons in Argentina and Latin America. Materials and Methods: A descriptive,
cross-sectional study was conducted among orthopedic spine surgeons practicing in Argentina and other Latin American coun-
tries. A structured questionnaire based on a simulated clinical case was developed to explore preoperative management of a
70-year-old patient scheduled for elective spinal fusion surgery. Results: A total of 154 spine surgeons from Argentina, Brazil,
Paraguay, and Uruguay were surveyed. Significant differences were found in the use of full-length spine radiographs (p < 0.001),
dynamic radiographs (p = 0.001), computed tomography (p = 0.002), magnetic resonance imaging (p < 0.001), and Hounsfield unit
assessment (p = 0.014). The use of bone density scans showed a marginal statistical trend (p = 0.058), with higher rates in Uru-
guay (52.4%) and Argentina (42.9%). Vitamin D testing was requested in 40.3% of cases, with no significant differences between
countries (p = 0.803), highlighting the limited assessment of this marker related to bone metabolism. Conclusions: There is a
clear trend toward underestimation of osteoporosis screening in the preoperative evaluation for spinal fusion surgery. Fewer than
50% of surgeons considered requesting a DEXA scan, Hounsfield unit assessment, or vitamin D measurement.

Keywords: Osteoporosis; preoperative evaluation; spine surgery; arthrodesis; spinal fusion.

Level of Evidence: IV

Evaluacion preoperatoria de la osteoporosis en la cirugia de fusion vertebral: encuesta a cirujanos de la
Argentina y America Latina

RESUMEN

Objetivo: Analizar la evaluacion preoperatoria de la osteoporosis durante la planificacién quirdrgica de pacientes adultos candida-
tos a una cirugia de fusién vertebral, segun la perspectiva de cirujanos de columna de la Argentina y América Latina. Materiales
y Métodos: Estudio descriptivo y transversal de médicos traumatélogos, cirujanos de columna, que se desempefan en centros
de la Argentina y otros paises de América Latina. Se confeccioné un cuestionario estructurado basado en un caso clinico simu-
lado, disefiado para explorar el manejo preoperatorio frente a un paciente de 70 afos candidato a una cirugia de fusion vertebral
programada. Resultados: Se encuestaron 154 cirujanos de columna de la Argentina, Brasil, Paraguay y Uruguay. Se detectaron
diferencias significativas en la solicitud de espinogramas (p <0,001), radiografias dinamicas (p = 0,001), tomografia computarizada
(p = 0,002), resonancia magnética (p <0,001) y valoracién de las unidades Hounsfield (p = 0,014). La solicitud de densitometria
mostré una tendencia estadistica marginal (p=0,058), con mayor solicitud por sujetos de Uruguay (52,4%) y Argentina (42,9%).
La determinacién de vitamina D fue solicitada en el 40,3% de los casos, sin diferencias significativas entre paises (p = 0,803), lo
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que destaca una baja evaluacion de este marcador relacionado con el metabolismo éseo. Conclusiones: Se observé una clara
tendencia a la subestimacion del cribado de osteoporosis en la evaluacion preoperatoria para una cirugia de fusion vertebral.
Menos del 50% de los cirujanos considerd solicitar una densitometria, unidades Hounsfield o medicién de vitamina D.

Palabras clave: Osteoporosis; evaluacion preoperatoria; cirugia de columna; artrodesis; fusion.

Nivel de Evidencia: IV

INTRODUCTION

Osteoporosis is the most common metabolic bone disease and represents a major global public health problem.
It is characterized by reduced bone mass and deterioration of bone quality, leading to increased susceptibility
to fractures.' Fragility fractures are its most relevant clinical outcome and have become a true global epidemic,
with substantial health and economic impact.” It has been reported that the costs associated with hospitalizations
for fragility fractures exceed those related to acute myocardial infarction, stroke, and breast cancer.’

Fragility fractures are not the only clinically relevant outcome in patients with osteoporosis. This is particu-
larly evident in the context of spine surgery, where the prevalence of osteoporosis exceeds 30% in patients older
than 50 years. In this setting, osteoporosis has been identified as a risk factor for multiple complications, exten-
sively documented in both cervical and thoracolumbar procedures and across a broad spectrum of conditions
(adult spinal deformity, unstable fractures, and degenerative disease).* Among the most common complications
are implant loosening or failure, pseudarthrosis, proximal junctional kyphosis, interbody cage subsidence, and
the development of new fractures.’”

There is broad consensus on the importance of optimizing the patient’s general condition prior to elective
spine surgery in older adults. This includes correcting anemia, improving nutritional status, optimizing body
mass index, managing pain, and promoting smoking cessation.!” Within this comprehensive approach, optimiza-
tion of bone metabolism has emerged as a key strategy to prevent complications associated with poor bone qual-
ity.'' In line with current evidence, clinical guidelines recommend that preoperative osteoporosis assessment in
adult patients undergoing surgery for spinal deformity be performed routinely.'*"

However, the rate of preoperative bone health assessment among spine surgeons remains low.* Several
cross-sectional studies have highlighted variability in the diagnostic and therapeutic approaches adopted.'*!3
In light of the available evidence, we hypothesized that adherence among spine surgeons in Latin America to
current recommendations for the preoperative evaluation of osteoporosis is low.

In this context, our objective was to evaluate preoperative osteoporosis assessment during surgical planning
in adult patients undergoing spinal fusion, from the perspective of spine surgeons in Argentina and other Latin
American countries.

MATERIALS AND METHODS

A descriptive, cross-sectional, exploratory study was conducted using a survey administered to orthopedic
surgeons specializing in spine surgery, working at centers in Argentina and other Latin American countries,
between April 1 and June 1, 2025.

A non-probability purposive sample was obtained from the database of spine surgeons of the Argentine Socie-
ty of Spine Pathology, supplemented by snowball sampling through messaging applications and email.

Participants were selected according to predefined eligibility criteria. The study included orthopedic surgeons
practicing as spine surgeons in Latin American centers who routinely perform spinal fusion procedures in adult
patients and who agreed to complete the survey. Trainees (orthopedic residents and spine surgery fellows) and
questionnaires with more than 50% missing responses were excluded.
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Data Collection Instrument

A structured questionnaire based on a simulated clinical case was developed to assess preoperative management
of a 70-year-old patient candidate for elective spinal fusion surgery. The questionnaire was designed by the re-
search team and included items aimed at evaluating the use of imaging studies, laboratory tests, and other specific
preoperative assessments for the diagnosis of osteoporosis and surgical planning. Responses were closed-ended
(multiple choice).

The instrument was peer-reviewed to ensure clarity, relevance, and internal consistency. Prior to final administra-
tion, a pilot test was conducted on the first 20 responses to refine its format and content. The survey was distributed
using Google Forms and remained open for a three-month period.

Statistical Analysis

Categorical variables are presented as absolute frequencies and percentages. Comparisons between groups were
performed using the y?2 test or Fisher’s exact test, as appropriate based on sample size and expected frequencies.
A p-value <0.05 was considered statistically significant. Statistical analyses were performed using SPSS Statistics
version 25.

The study adhered to the principles of the Declaration of Helsinki for research involving human subjects, en-
suring data confidentiality and participant anonymity. Informed consent was obtained from all participants upon
agreeing to complete the survey, after receiving appropriate information regarding the study objectives and proce-
dures. Collected data were coded, stored with restricted access, and used exclusively for the purposes of this study.

RESULTS

A total of 154 spine surgeons from Argentina, Brazil, Paraguay, and Uruguay were included (Figure).

Brazil

Paraguay

Country

Uruguay

Argentina

0 20 40 60 80 100 120

Count

Figure. Bar chart showing the distribution of patients by country.
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Imaging Studies

The most frequently requested studies were magnetic resonance imaging (MRI) (92.9%), dynamic radiographs
(78.6%), full-spine radiographs (75.3%), and computed tomography (CT) (67.5%). Specific screening for osteopo-
rosis using bone density scan and Hounsfield units was less frequent (40.3% and 37.7%, respectively).

When comparing by country, significant differences were observed in the use of full-spine radiographs (p <
0.001), dynamic radiographs (p = 0.001), CT (p = 0.002), MRI (p < 0.001), and Hounsfield unit assessment (p
= 0.014). Bone density scan showed a marginal statistical trend (p = 0.058), being more frequently requested in
Uruguay (52.4%) and Argentina (42.9%) (Table 1).

Table 1. Distribution of requested tests and comparison by country of origin.

I Y Y e

Full-spine radiograph 116 753 87.6 71,4 190 15 714  <0.001
Dynamic radiograph 121 786 8 848 7 1000 10 476 15 714 0.001
CT 104 675 79 752 4 57.1 7 333 14 66.7 0.002
MRI 143 929 103 981 O 0.0 19 905 21 1000 <0.001
PET 3 1.9 1 1.0 0 0.0 2 9.5 0 0.0 0.06

Bone scintigraphy 1 0.6 1 1.0 0 0.0 0 0.0 0 0.0 0.925
Osteoporosis Bone density scan 62 403 45 429 O 0.0 6 28,6 11 52.4 0.058

screening
HU 58 377 33 314 4 57.1 7 333 14 66.7 0.014

CT = computed tomography; MRI = magnetic resonance imaging; PET = positron emission tomography; HU = Hounsfield units.

Laboratory Parameters

Overall, no significant differences were observed between countries in most laboratory tests requested as part
of the preoperative evaluation of the clinical case. The most frequently requested tests were complete blood
count (98.1%), blood glucose (93.5%), and renal function assessment (92.9%), followed by glycated hemoglobin
(74.7%), serum protein electrophoresis (66.2%), and acute-phase reactants (48.7%). Vitamin D was requested
in 40.3% of cases, with no significant differences between countries (p = 0.803), highlighting the low rate of as-
sessment of this marker related to bone metabolism. Statistically significant differences between countries were
observed only for blood glucose testing (p < 0.001) and serum protein electrophoresis (p = 0.017), the latter being
more frequently requested in Paraguay and Argentina (Table 2).

Table 2. Distribution of laboratory parameters by country.

Complete blood count 98.1 98.1 7 100.0 95.2 100.0 0.699

Blood glucose 144 93.5 102 97.1 85.7 16 762 20 95.2 0.004

Renal function 143 929 100 952 1000 19 90.5 17 81.0 0.107
HbAlc 115 747 79 75.2 100.0 17 81.0 12 57.1 0.100
Acute-phase reactant 75 48.7 56 533 28.6 11 524 6 28.6 0.135

6
7
Serum protein electrophoresis 102 66.2 73 69.5 4 57.1 17 81.0 8 38.1 0.017
7
2
2 28.6 10 47.6 9 42.9 0.803

Vitamin D 62 40.3 41 39.0
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Preoperative Risk Assessment

Regarding preoperative cardiovascular and respiratory tests, no statistically significant differences were ob-
served between countries. Electrocardiography was the most frequently requested test (97.4% of the total sample),
followed by spirometry (42.2%), lower-limb Doppler ultrasound (29.9%), and exercise stress testing (16.2%)
(Table 3).

Table 3. Distribution of cardiorespiratory studies by country.

mm
ﬂ-ﬂ-ﬂﬂ-ﬂ-

150 974 103  98.1 85.7 95.2 100.0 0.177

Spirometry 65 422 48 45.7 1 143 10 47.6 6 28.6 0.202
Lower extremity Doppler 46 29.9 35 333 3 42.9 5 23.8 3 14.3 0.265
ultrasound

Exercise testing 25 16.2 17 16.2 1 14.3 4 19.0 3 14.3 0.977
DISCUSSION

Osteoporosis is a critical factor in the preoperative evaluation of patients undergoing instrumented spine sur-
gery, as it is a major predictor of mechanical complications, particularly those related to implant failure and sag-
ittal imbalance. Its impact is especially relevant in complex procedures, such as adult spinal deformity surgery,
which typically require long constructs and involve greater biomechanical demands.>”

In a cross-sectional study of 349 spine surgeons in Latin America, Pantoja and Molina reported the regional
clinical scenario, in which 79.6% indicated having managed osteoporosis-related complications and 71.6% re-
ported having revised instrumentation due to failures associated with this condition.'®

Recent AOSpine clinical recommendations on osteoporosis in adults with spinal deformity highlight the impor-
tance of systematic evaluation of osteoporosis in these patients. Although high-quality evidence is still needed,
these recommendations emphasize that all clinicians treating adults with scoliosis should consider bone health
as a key component for improving surgical outcomes and minimizing complications.'> Nevertheless, and in line
with previous cross-sectional studies, we identified a low level of awareness regarding the preoperative evaluation
of osteoporosis.'*'® Compared with the frequent use of initial imaging studies, such as full-spine radiographs
(75.3%) and magnetic resonance imaging (92.9%), fewer than half of respondents used specific methods to de-
tect osteoporosis, such as bone density scan (40.3%) and Hounsfield unit measurement (37.7%). No significant
differences were found in the use of density scan according to country of origin, whereas a higher proportion of
surgeons in Uruguay reported using Hounsfield unit measurement (66.7%; p = 0.014).

It should be noted that, although bone density scan has traditionally been the gold standard for diagnosing
osteoporosis, it has limitations in patients with spondylarthrosis, in whom bone quality may be overestimated.'”
This has led to the investigation of additional methods for assessing bone health, such as Hounsfield unit mea-
surement, the trabecular bone score, and fracture risk calculators, such as the FRAX® tool.'*?° St. Jeor et al.
evaluated 140 patients undergoing spinal fusion to compare preoperative assessment methods and reported a 32%
rate of osteoporosis-related complications. Multivariable binary logistic regression analysis showed that lower
mean Hounsfield unit values were an independent predictor of osteosynthesis-related complications. The odds of
developing a complication increased 1.7-fold for every 25-unit decrease in mean Hounsfield values."

Considering the best available evidence together with accessible resources for evaluating osteoporosis in vul-
nerable patients, routine clinical practice should include a bone density scan of the spine and wrist as an addi-
tional anatomical site, as well as analysis of Hounsfield units obtained from preoperative CT, to achieve a more
accurate assessment of osteoporosis.'>*
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In a systematic review of nine studies, Bazdn et al. concluded that Hounsfield unit measurement may optimize
surgical planning and reduce osteoporosis-related complications, with a low level of evidence but promising
perspectives.”’

On the other hand, although Hounsfield unit-based assessment is increasingly used, it has important limitations.
Hounsfield unit values may be influenced by multiple technical factors, including CT acquisition parameters,
scanner calibration, reconstruction algorithms, and region-of-interest selection, which affect reproducibility and
interinstitutional comparability.

According to the evidence-based guidelines of the Congress of Neurological Surgeons on the preoperative
evaluation of osteoporosis in patients undergoing spinal surgery, at least one of the following assessments is rec-
ommended, each with its corresponding cutoff value associated with a high risk of complications: bone density
scan with a T-score < —2.5; CT with Hounsfield units <97.9; or serum vitamin D3 levels <20 ng/mL."

Vitamin D deficiency is extremely common, with prevalence rates ranging from 40% to 90% in adults.”! Pa-
tients >50 years of age, smokers, and individuals with obesity are at higher risk of hypovitaminosis D.?'> It is
estimated that more than 25% of adults scheduled for spinal surgery have this deficiency.” Preoperative mea-
surement of vitamin D and calcium provides valuable information on bone metabolism.* Furthermore, patients
undergoing spinal fusion may benefit from correction of this deficiency.” In our study, fewer than half of the
surgeons requested vitamin D testing as part of the preoperative workup. Although higher-quality evidence is
needed, the available data suggest that spine surgeons should consider the increased risk of adverse outcomes in
patients with preoperative vitamin D deficiency.”

Our study has several limitations, including a small sample size, a limited number of preoperative and demo-
graphic variables assessed, and the recall bias inherent to cross-sectional survey-based designs. In addition, the
overrepresentation of Argentina compared with other countries limits the generalizability of the results.

Nevertheless, a clear trend was identified that may help guide future strategies to optimize the implementa-
tion of recommendations from international publications and guidelines regarding the preoperative evaluation
of patients undergoing spinal surgery who are at risk of osteoporosis. Further multinational studies with greater
regional representation are needed.

CONCLUSIONS

A clear tendency to underestimate osteoporosis assessment during preoperative evaluation in the surgical plan-
ning of adult patients undergoing spinal fusion was observed.

Fewer than half of the surgeons considered ordering bone density scan (40.3%), Hounsfield unit measurement
(37.7%), or vitamin D testing (40.3%).

The low proportion of surgeons from other Latin American countries represents a limitation of the study and
restricts the direct generalization of the results to the entire region.
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CLINICAL RESEARCH

Results of Anatomical Repair of the Distal
Biceps via an Implant-Free Anterior Approach

Ignacio Seré, Santiago Llumipanta, Juan Carrizo, Natalia Villa, Marcos Deimundo, Enrique Gobbi
Orthopedics and Traumatology Service, Hospital Universitario CEMIC, Autonomous City of Buenos Aires, Argentina

ABSTRACT

Introduction: There are numerous approaches for treating distal biceps injuries, each with varying success rates and associated
complications. We describe an implant-free technique for anatomical reinsertion of the distal biceps through an anterior incision
and report the clinical and functional outcomes. Materials and Methods: A retrospective review was conducted of 11 patients who
underwent this surgical technique for the repair of their distal biceps injuries. The mean age was 43.8 years, and all patients were
male. Demographic data were collected, as well as clinical and functional outcomes more than one year after surgery. Results: At
the final assessment, no mobility deficits were found. All patients returned to their pre-injury work and sports activities. The mean
residual pain score on the Visual Analog Scale was 0.22. The average QuickDASH score one year after surgery was 6.38. There
were 3 cases with complications: 2 transient neuropraxias of the lateral antebrachial cutaneous nerve and one surgical wound
infection. Conclusions: Our results with this technique for repairing distal biceps injuries are comparable to those obtained using
implant-based techniques. Recovery was satisfactory in all cases, with a low complication rate. This technique may represent a
viable alternative to other, more complex surgical approaches.

Keywords: Distal biceps injury; anterior approach; transosseous suture.

Level of Evidence: IV

Reparacion anatomica del biceps distal por un abordaje anterior sin el uso de implantes: resultados clinicos
y funcionales

RESUMEN

Introduccidn: Existen multiples enfoques quirdrgicos para abordar las lesiones del biceps distal, con diferentes tasas de éxito y
complicaciones asociadas. En este articulo, se describe una técnica quirurgica sin implantes para la reinsercién anatémica del
biceps distal a través de una incisién anterior, y se comunican los resultados clinicos y funcionales. Materiales y Métodos: Se
evalué retrospectivamente a 11 pacientes sometidos a esta técnica quirdrgica para la reparacién de lesiones de biceps distal.
Todos eran hombres y la edad promedio era de 43.8 afos. Se recopilaron parametros demograficos, los resultados clinicos y
funcionales a mas de un afo de la cirugia. Resultados: En la evaluacion final, no se observaron déficits de movilidad. Todos los
pacientes reanudaron sus tareas laborales y deportivas como antes de la lesion. El puntaje promedio de dolor residual en activi-
dad, segun la escala analdgica visual, fue de 0,22. El puntaje de QuickDASH promedio después de un afio de la operacion fue de
6,38. Se produjeron 3 complicaciones: 2 neuropraxias transitorias del antebraquial cutdneo externo y una infeccién de la herida
quirurgica. Conclusiones: Nuestros resultados con esta técnica quirdrgica para la reparacion de lesiones de biceps distal son
comparables con los obtenidos usando técnicas con implantes. La recuperacion fue satisfactoria en todos los casos, con una tasa
de complicaciones aceptable. Esta técnica podria representar una alternativa viable a otros enfoques quirirgicos mas complejos.
Palabras clave: Lesion; biceps distal; abordaje anterior; sutura transésea.

Nivel de Evidencia: IV

INTRODUCTION

Avulsion of the distal biceps tendon from its insertion on the radial tuberosity of the proximal radius is un-
common (1.2-2.5 cases per 100,000 persons per year); it typically occurs when resisting a sudden load with the
forearm in flexion and supination, as during weightlifting or when attempting to arrest the fall of a heavy object.
Nonoperative treatment results in a 22-50% loss of supination strength and a 12-40% loss of flexion strength.'
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Although there remains some controversy regarding the need for repair of acute distal biceps avulsion, surgical
repair has been associated with better outcomes in terms of strength, endurance, and cosmesis compared with
nonoperative management.'?

Currently, numerous surgical techniques are available for reattachment of the distal biceps brachii tendon, in-
cluding fixation to the radial tuberosity using Endobutton® systems (cortical fixation with a titanium button), spe-
cifically designed interference screws, suture anchors, or transosseous sutures. The most commonly used method
is the Endobutton® system combined with an interference screw. An important aspect of the native distal biceps
tendon insertion is its ulnar and posterior position on the radial tuberosity, which enables effective forearm supi-
nation through contraction by exploiting the cam effect of the radial tuberosity. As the radial tuberosity projects
eccentrically from the central axis of the radius, it increases the distance between the biceps tendon and the axis
of rotation, thereby enhancing its moment arm.** Classically, the anterior approach allows fixation of the tendon
on the anterior surface of the radial tuberosity, as with Endobutton® systems or suture anchors, which may reduce
supination strength. In contrast, the Boyd two-incision approach allows for posterior reinsertion, but may interfere
with pronation and also fails to fully exploit the cam effect, as it has been shown that, with a posterior insertion, the
tendon migrates proximally on the tuberosity during contraction, thereby diminishing the cam effect.’*

The transosseous suture technique through a single anterior approach used in this series allows replication of
the native biceps insertion, maximizing the contact surface between the tendon and the radius and restoring the
cam function of the radial tuberosity (Figure 1). This is achieved using transosseous sutures without implants or
anchors, with minimal impact on the structural integrity of the radial tuberosity.®’

The objectives of this study were to describe the surgical technique and to evaluate clinical and functional out-
comes at more than one year postoperatively.

®

Figure 1. Schematic axial section of the proximal forearm at the level of the center of the bicipital tuberosity, in 60°
pronation, neutral position, and 60° supination. With the native tendon insertion (red line), the bicipital tuberosity acts as

a cam, increasing the moment arm of the biceps tendon by displacing its line of pull away from the axis of rotation of the
radius. The anterior (more radial) insertion (blue line) shortens the moment arm, as does the posterior insertion (green line),
since during effective contraction the biceps tendon migrates proximally and pulls over the superior edge of the tuberosity.
R =radius; C = ulna. (Prepared by the authors.)

MATERIALS AND METHODS

We retrospectively reviewed the medical records of 14 patients who underwent distal biceps tendon repair be-
tween February 2021 and August 2024 and had a minimum postoperative follow-up of 12 months. Three patients
were lost to follow-up and were excluded. The final study cohort consisted of 11 patients. All were men, with a
mean age of 43.8 years (range 21-60; standard deviation [SD] 10.4). Four patients smoked more than 10 cigarettes
per day, and two reported the use of creatine supplements to increase muscle mass. In eight cases, the injury in-
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volved the dominant limb. The mechanism of injury was consistently a sudden eccentric load against resistance,
with the elbow in flexion and supination: weightlifting (6 patients), lifting heavy objects (3 patients), and use of
tools (2 patients). The mean time from injury to surgery was 15 days (range 6-55; SD 14.4). Mean follow-up was
35.5 months (range 12-53; SD 13.4).

All procedures were performed by the same surgeon with Level III experience according to the Tang classifica-
tion (defined as a surgeon with substantial experience in the relevant techniques and more than 5 years of specialist
practice).t

Surgical Technique

A standard Henry approach to the radial tuberosity of the proximal radius was used. The skin incision was made
longitudinally under fluoroscopic guidance. Three surgical planes were identified:

- Subcutaneous plane, containing the major superficial veins, the lacertus fibrosus, and the lateral antebrachial
cutaneous nerve;

- Muscular plane, defined superficially by the flexor carpi radialis and brachioradialis, and deeply by the pronator
teres and supinator muscles. This plane contains the radial artery and its branches, the deep venae comitantes, and
the terminal branches of the radial nerve (superficial sensory branch and posterior interosseous nerve); and

- Osseous plane, at the level of the radial tuberosity.

Immediately beneath the dermis lies the superficial venous system, composed, from medial to lateral, of the
basilic vein, the median antebrachial vein, the cephalic vein, and the accessory cephalic vein. The median ante-
brachial vein divides into a lateral branch, the median cephalic vein, and a medial branch, the median basilic vein,
which join their respective veins at the elbow (Figure 2).°

Humerus

Figure 2. Superficial venous system at the anterior aspect of the elbow.
Acc C = accessory cephalic vein; B = basilic vein; C = cephalic vein;
MAB = median antebrachial vein. (Prepared by the authors.)
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Deep to the cephalic vein lies the lateral antebrachial cutaneous nerve, a terminal branch of the musculocuta-
neous nerve, which enters the lateral bicipital groove of the elbow from the interval between the biceps brachii
and brachialis muscles. It continues along the anterolateral aspect of the forearm, providing cutaneous innervation
as far as the wrist (Figure 3).! The lacertus fibrosus originates from the musculotendinous junction of the distal
biceps, extends over the flexor muscles of the forearm, blends with their superficial fascia, and inserts into the
subcutaneous border of the ulna. It acts as a stabilizer of the distal biceps tendon (Figure 3).!

Bicéps
brachii

Lateral antebrachial
cutaneous nerve

Lacertus
Fibrosus

Figure 3. Anterior view of the muscular planes of the elbow, showing the lacertus fibrosus and
the lateral antebrachial cutaneous nerve. (Prepared by the authors.)

The muscular planes (Figure 3) can be easily and safely separated by blunt dissection with the index finger.
Although arterial variations are not uncommon, in approximately 47% of patients, the brachial artery (before
bifurcating into the ulnar and radial arteries) gives rise to an accessory dorsal radial recurrent branch posterior to
the biceps tendon (Figure 4). The radial artery courses just medial to the biceps tendon and gives rise to the radial
recurrent artery, which runs anterior to the tendon, transversely across the forearm axis, approximately 4 mm
proximal to the most proximal aspect of the radial tuberosity (Figure 5). This artery anastomoses with the anterior
radial collateral artery (a branch of the profunda brachii artery), forming the so-called Henry vascular leash (Figure
4).° The deep venous system accompanies the arterial system in a more anterior plane as venae comitantes, with
multiple anastomoses forming a venous plexus that communicates with the superficial venous system through per-
forating veins.’ If the radial recurrent artery or its venae comitantes interfere with visualization or limit adequate
exposure of the radial tuberosity, they may be ligated.'>¢"
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Figure 4. Schematic representation of the deep arterial and venous pattern (right elbow,
anterior view): the dorsal accessory radial recurrent artery (Acc) arises from the brachial
artery in 47% of cases and passes posterior to the biceps tendon. The radial recurrent artery
(Rec) crosses anterior to the biceps tendon and anastomoses with the anterior radial collateral
artery (CA), forming Henry’s leash (HL). FA = Frohse’s arcade; Farabeuf = Farabeuf
retractor; PION = posterior interosseous nerve; SBRN = superficial sensory branch of the
radial nerve. (Prepared by the authors.)

The radial nerve divides into its superficial (sensory) branch and its deep motor branch (posterior interosseous
nerve) proximal to the arcade of the supinator muscle (arcade of Frohse).'’ The superficial sensory branch travels
along the medial aspect of the brachioradialis muscle, accompanies the radial artery, and continues toward the
wrist and hand. The deep motor branch, corresponding to the posterior interosseous nerve, continues distally in
close contact with the lateral aspect of the radial neck, making it particularly vulnerable to injury when using
Hohmann retractors at the lateral border of the radial neck. Forearm supination is recommended, as it moves the
nerve into a more posterior and lateral position (whereas pronation shifts it anteriorly and medially),'® along with a
triangular retractor configuration to access the radial tuberosity, using two long-blade Farabeuf retractors laterally
and a medial Hohmann retractor (Figure 5)."
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Figure 5. The biceps tendon is depicted as detached, and the supinator muscle is shown
retracted laterally to access the bicipital tuberosity using a triangular configuration of two
lateral Farabeuf retractors and one medial Hohmann retractor. The radial recurrent artery (Rec)
crosses anterior to the biceps tendon approximately 4 mm proximal to the proximal edge of the
bicipital tuberosity (green star). Acc = dorsal accessory radial recurrent branch;

Farabeuf = Farabeuf retractor; PION = posterior interosseous nerve; SBRN = superficial
sensory branch of the radial nerve. (Prepared by the authors.)

Dissection of the aforementioned anatomical structures allows access to the anterior surface of the radial tu-
berosity, whose apex, as a reference point, is oriented opposite to the radial styloid process.* The residual distal
biceps tendon is detached from the tuberosity using a rongeur or curette. The tuberosity bed is then prepared on its
posteromedial surface using a curette or rasp, which corresponds to the native insertion footprint.

With the forearm in 45° of supination, two holes are drilled using a 2-mm drill bit, approximately 1 cm apart. The
drill is directed from the anterior aspect of the radial tuberosity at a 30° medial angle toward the dorsoulnar cortex
of the radius (Figure 6A). The use of a soft-tissue protector facilitates the procedure. The 45° supination position
and the ulnar direction of the drill holes facilitate suture passage and maximize the distance between the drill bit
and the posterior interosseous nerve.®’1°

A strong monofilament suture (Prolene, PDS, or 0 nylon) is then passed through the radius to serve as a shuttle
suture, as follows: a standard right-angle clamp is introduced from the medial side to the posterior aspect of the
radius, aligned with one of the drill holes (Figure 6B). An 18G spinal needle is inserted through the drill hole from
anterior to posterior until the surgeon feels contact with the tip of the clamp. The clamp is slightly opened, the nee-
dle is advanced a few millimeters, and the clamp is then gently closed to grasp the needle. The stylet is removed,
and the monofilament suture is passed through the needle lumen. The assistant advances the suture as far as possi-
ble; the clamp is then gently opened, and the needle is withdrawn a few millimeters while maintaining tension on
the suture to prevent it from backing out. The clamp is then closed to grasp the suture, which is retrieved through
the interval between the radius and ulna. The same procedure is repeated for the second drill hole, resulting in a
monofilament shuttle suture in each hole, passing from the anterior cortex of the radius and exiting posteriorly into
the radioulnar space (Figure 6C).
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4 _ Blceps

C

Figure 6. A. Drilling of the radial tuberosity with a 2-mm drill bit from anterior to posterior,
angled 30° toward the ulna. The forearm is positioned in 45° supination. B. A strong
monofilament suture (blue) is passed through a spinal needle and retrieved with a right-angle
clamp from posterior into the radioulnar space. C and D. Monofilament shuttle suture in
place, ready to pass the braided sutures (green) from the avulsed distal biceps tendon from
posterior to anterior.

Red X = position of the posterior interosseous nerve; C = Ulna; R = radius. (Prepared by the
authors.)

The avulsed distal biceps tendon is identified by digital proximal dissection, with the elbow flexed to bring the
incision closer to the retracted tendon stump. Typically, a smooth anterior surface and a posterior surface can be
distinguished, the latter often showing a lateral bundle (long head) and a medial bundle (short head). The tendon is
secured using two Krackow locking sutures placed in a running fashion along each border, using high-strength flat
braided nonabsorbable suture (No. 1.5 or 2), with the sutures overlapping so that the four free ends exit posteriorly
2-3 mm from the distal end of the tendon. This configuration provides a compressive effect, seating the tendon
against its bony insertion site (Figure 7B). For a more anatomic repair, the external rotation of the tendon at its in-
sertion must be considered: the long head inserts more proximally (superiorly) on the radial tuberosity, whereas the
short head inserts more distally (inferiorly). Accordingly, the medial Krackow suture should be passed through the
distal drill hole, and the lateral suture through the proximal drill hole, ensuring restoration of the tendon’s native
external rotation.>* Intermediate sutures are passed one through each hole.
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To pass the high-strength sutures through the radial drill holes, one end of each braided suture is tied to the pos-
teromedial end of the monofilament shuttle suture previously passed through the radius (Figure 6D). Then, traction
is applied to the monofilament from the anterior aspect, allowing the high-strength sutures to be shuttled from
posterior to anterior. This process is repeated for the second hole. With the forearm in full supination and approxi-
mately 70° of flexion, an assistant applies traction to one pair of sutures, reducing the tendon onto the posteroulnar
aspect of the radial tuberosity (Figure 7A). This reduction suture is maintained under tension while the surgeon
ties the second high-strength suture over the anterior cortical bone bridge between the drill holes. The remaining
suture is then tied over the same cortical bridge, completing the repair. After thorough irrigation and meticulous
hemostasis, the wound is closed in layers, with skin closure only.

The mean operative time from skin incision to sling placement was 105.5 minutes (range 75-175; SD 32.12).

A B

Figure 7. A. Traction on the anterior ends of the braided sutures reduces the distal biceps tendon,
allowing the sutures to be tied over the anterior cortical bone bridge between the drill holes.

B. Posteromedial view of the bicipital tuberosity with the repaired tendon, demonstrating the compressive
effect generated by posterior suture exit toward the bone. For proper anatomical orientation, the suture
from the medial portion should be passed through the distal hole and the suture from the lateral portion
through the proximal hole, restoring the native external rotation of the tendon.

C = Ulna; R = radius. (Prepared by the authors.)

Postoperative Protocol

A sling is applied with a short arm cast, with the elbow at 90° of flexion and the forearm in neutral rotation, for
10 days to reduce pain and edema. Passive range of motion is then initiated as tolerated, with limits of 30° of elbow
extension and 30° of forearm rotation, while maintaining continuous sling use (removed only for exercises) until 4
weeks postoperatively. After this period, the sling is used only when going out and during sleep for an additional
2 weeks. At 6 weeks, the sling is discontinued and active range of motion is allowed, without resistance. Gradual
and progressive strengthening is initiated at 12 weeks, and unrestricted use of the arm, according to tolerance, is
permitted after 6 months.'

We reviewed the medical records of patients with at least 12 months of follow-up. Patients were evaluated us-
ing the QuickDASH score,'* the visual analog scale (VAS) for pain,'* and were asked whether they had returned
to their pre-injury level of activity. The contralateral limb served as a control for assessing range of motion and
subjective weakness. Patients were also asked whether their decision to undergo surgery was driven by functional
or aesthetic concerns.
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RESULTS

Eleven patients with postoperative follow-up >12 months were included. Eight reported undergoing surgery for
both functional and aesthetic reasons, and three for functional reasons only. Eight of the repairs were performed on
the dominant side. The mean follow-up was 35.5 months (range 12-53).

No differences were observed in pronation-supination or flexion-extension arcs compared with the contralateral
side. Mean values were 138° of flexion, 3° of extension, 76° of pronation, and 75° of supination.

The mean QuickDASH score was 6.38 (range 2.7-13.6). The mean VAS score during exertion was 0.22/10
(range 0-2). Eight patients reported no postoperative symptoms. All patients returned to their usual work and sports
activities, and were allowed to resume exertional activities 6 months after surgery.

The complications observed were as follows: two patients developed lateral antebrachial cutaneous nerve neu-
ropraxia with transient symptoms that resolved after 4 months; and one patient developed a wound infection
requiring surgical debridement and antibiotic therapy. This patient, who was also involved in a labor dispute, had
the worst outcomes on the QuickDASH (13.6) and VAS (2/10 with exertion), and reported persistent subjective
weakness.

In one patient with symptoms unrelated to the biceps tendon, postoperative magnetic resonance imaging of the
elbow was performed. The images confirmed reinsertion of the tendon onto the posterior ulnar aspect of the radial
tuberosity (Figure 8).

Figure 8. Magnetic resonance imaging of the proximal forearm, axial section at the level of
the bicipital tuberosity, at different degrees of supination. A. 0° supination: normal insertion of
the distal biceps tendon. B. 30° supination: partial tear of the distal biceps tendon.

C. Maximum supination: complete avulsion of the distal biceps tendon. D. Reinsertion

of the distal biceps tendon into the radial tuberosity using transosseous sutures in neutral
pronosupination. Cu = Ulna; R = radius; T = distal biceps tendon.
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DISCUSSION

The key to successful distal biceps tendon repair lies in a thorough understanding of regional anatomy. On the
one hand, surgical exposure in the deep aspect of the elbow requires careful anticipation of the neurovascular
structures encountered, allowing the surgeon to perform a safe and effective repair of the distal biceps tendon. On
the other hand, accurate restoration of the native insertion footprint of the distal biceps tendon enables patients to
achieve functional outcomes as close to normal as possible.

A crucial concept for understanding the supination function of the biceps is the generation of supination torque
as a function of tendon position throughout forearm rotation. The native insertion of the distal biceps tendon
wraps around the apex of the radial tuberosity, which plays a key biomechanical role by acting as a cam, displac-
ing the line of pull away from the center of rotation of the radius and thereby enhancing supination strength.?’
Reinsertion of the distal biceps tendon is classically performed using either a single anterior approach or a two-in-
cision technique.’ Traditional anterior repairs (using suture anchors, interference screws, or cortical buttons),
which fix the tendon to the anterior surface of the tuberosity, restore less than 10% of the native biceps footprint.*
Schmidt et al. demonstrated that, in some cases, tendons repaired on the anterior surface of the radius may func-
tion as pronators near terminal supination.’ Posterior repairs using the Boyd and Anderson two-incision technique
may limit pronation and do not reproduce the additional cam effect of the radial tuberosity, as, during effective
contraction, the tendon translates proximally and exerts its pull above the tuberosity.*

Maximal supination strength following both single-incision anterior and two-incision repairs may reach more
than 90% of the contralateral side when assessed in mid-pronation; however, evaluation of supination strength
throughout the full arc of forearm rotation is not commonly reported. In a study of anterior distal biceps repairs, a
33% deficit in supination strength was observed compared with the contralateral side when measured at 60° of su-
pination.*®” In the technique used in our study, the biceps tendon is reattached to the posterior ulnar aspect of the
radial tuberosity (Figure 6), thereby maximizing supination strength throughout all positions of forearm rotation.

From a clinical standpoint, both short- and long-term follow-up show no differences in mean outcome scores
between the anterior approach and the two-incision technique. However, significantly more (minor) complica-
tions were observed in the single-incision group, primarily due to transient neuropraxias of the lateral antebra-
chial cutaneous nerve. Conversely, a higher incidence of significant loss of forearm rotation due to heterotopic
ossification was observed with the two-incision approach.’

Aesthetics may play an important role, as many of our patients (8 of 11) acknowledged that it influenced their
decision to undergo surgery. However, aesthetic outcomes are notably not included in commonly used instru-
ments for evaluating elbow function.

Biomechanical studies evaluating various repair techniques have demonstrated the ability to withstand loads of
200-400 N, including those using transosseous tunnels similar to those employed in our technique.*®” This has
encouraged us to initiate early active mobilization.

A simple cost analysis comparing the use of sutures alone with commercially available devices for distal biceps
reinsertion reveals substantial cost savings with this technique. Furthermore, the implants used in distal biceps
repair are not free from complications, such as osteolysis, migration, or failure of fixation systems (Figure 9).

Complications have been reported with all repair techniques, the most common being sensory nerve distur-
bances. In our series of 11 patients, two cases of transient neuropraxia of the lateral antebrachial cutaneous nerve
were observed. Although the rate of re-tear remains unclear, such events have been reported; however, no cases
were observed in our series at the time of study closure.

This study has several limitations, including the small sample size, retrospective design, absence of a control
group, and reliance on subjective outcome measures. Another limitation is the lack of objective assessment of
supination strength. In this regard, there is currently no consensus regarding the optimal method for evaluating
forearm supination strength following distal biceps repair. Isotonic, isometric, and isokinetic methods have been
described, and even within these categories, different testing parameters have been used.* Current outcome scor-
ing systems also appear to have limitations and have not provided data that clearly differentiate between repair
techniques.
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Figure 9. Anteroposterior and lateral elbow radiographs of a patient treated with a cortical button and interference screw for
distal biceps repair. Note the marked osteolysis of the proximal radius, which may result in an area of bone weakness.

CONCLUSIONS

We describe a distal biceps repair technique that restores native insertion through an anterior approach. By repro-
ducing the anatomical footprint, this technique may maximize supination strength without compromising range of
motion. Additionally, by eliminating the need for anchors or specialized implants, the procedure is cost-effective
and may preserve the structural integrity of the radius. However, further studies are required to evaluate the long-
term outcomes of this technique and to compare it with other established surgical approaches.
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Modified Frailty Index as a Predictor of
Postoperative Complications in Surgery
for Pyogenic Spinal Infections
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*Orthopedics and Traumatology Service, Hospital General de Agudos “Dr. Teodoro Alvarez”, Autonomous City of Buenos Aires, Argentina
“Spine Team, Sanatorio Giiemes, Autonomous City of Buenos Aires, Argentina

ABSTRACT

Introduction: Pyogenic spinal infection is a potentially deadly and disabling condition with specific surgical indications. Its surgical
management requires a precise risk-benefit assessment. Our objective was to evaluate the modified frailty index as a predictor
of early postoperative complications in patients undergoing surgery for pyogenic spondylodiscitis. Materials and Methods: We
conducted an observational, analytical, and retrospective study of patients who underwent surgery for pyogenic spondylodiscitis
between 2022 and 2025. The association between the modified frailty index and the incidence of postoperative complications
(classified according to Clavien-Dindo), as well as clinical, microbiological, and surgical variables, was analyzed. Results: Serious
complications were recorded in 54.5% of patients, with a mortality rate of 13.6%. Bivariate analysis showed significant associations
between serious complications and male sex, diabetes, cervical location, neurological deficit, and hypoalbuminemia. Although a
modified frailty index =0.27 did not reach statistical significance as a categorical variable (p=0.082), its analysis as a continuous
variable revealed a significantly higher value in the group with serious complications (p=0.006). Conclusion: Preoperative frailty, as-
sessed by the modified frailty index as a continuous variable, was significantly associated with severe postoperative complications.
Keywords: Pyogenic spondylodiscitis; spinal infections; frailty; modified frailty index.

Level of Evidence: IlI

indice de fragilidad modificado como predictor de complicaciones posoperatorias en cirugias de infeccio-
nes vertebrales piégenas

RESUMEN

Introduccién: La infeccién vertebral piégena es una enfermedad potencialmente mortal e invalidante, y tiene indicaciones qui-
rdrgicas precisas. El abordaje quirdrgico exige una adecuada relacion riesgo-beneficio. Nuestro objetivo fue evaluar el indice de
fragilidad modificado como predictor de complicaciones posoperatorias tempranas en pacientes sometidos a una cirugia por
espondilodiscitis pidgena. Materiales y Métodos: Estudio observacional, analitico y retrospectivo de pacientes operados por
espondilodiscitis pidgena entre 2022 y 2025. Se analizé la asociacion entre el indice de fragilidad modificado y la ocurrencia
de complicaciones posoperatorias clasificadas segun Clavien-Dindo, junto con variables clinicas, microbioldgicas y quirdrgicas.
Resultados: El 54,5% de los pacientes sufri6 complicaciones graves y la tasa de mortalidad fue del 13,6%. El andlisis bivariado
mostrd una asociacion significativa entre complicaciones graves y sexo masculino, diabetes, localizacién cervical, déficit neuro-
l6gico e hipoalbuminemia. Aunque el indice de fragilidad modificado >0,27 no alcanzé significacion como variable categérica (p
= 0,082), su analisis como variable continua reveld un valor significativamente mayor en el grupo con complicaciones graves (p =
0,006). Conclusion: La fragilidad preoperatoria, evaluada mediante el indice de fragilidad modificado como variable continua, se
asocio significativamente con complicaciones graves posoperatorias.

Palabras clave: Espondilodiscitis piégenas; infecciones vertebrales; fragilidad; indice de fragilidad modificado.

Nivel de Evidencia: IlI
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INTRODUCTION

Pyogenic vertebral infections comprise a group of clinical conditions that may involve the spine, including the
intervertebral disc, vertebral body, epidural space, paravertebral muscles, psoas muscle, and facet joints.! The term
spondylodiscitis is used to describe infections affecting both the intervertebral disc and the vertebral body. It ac-
counts for 3-5% of all cases of osteomyelitis, and its incidence ranges from 1:100,000 to 1:250,000 inhabitants in
developed countries.”

This is a potentially life-threatening disease associated with the risk of neurological compromise and severe se-
quelae. In this context, early diagnosis and targeted antibiotic therapy are essential to achieve therapeutic success.
Surgical treatment, in turn, is an alternative with well-defined indications, including neurological compromise,
hemodynamic instability secondary to sepsis, local deformity, mechanical instability, failure of conservative treat-
ment, and the presence of a compressive epidural abscess.*

When spinal surgery is required, the clinical context may influence both timing and surgical strategy, as spon-
dylodiscitis is more common in patients with chronic diseases and risk factors such as diabetes, cardiovascular
disease, intravenous drug use, renal failure, chronic dialysis, and cancer.'>%* Additionally, older adults represent
a particularly vulnerable group.'” Therefore, the indication for surgery requires careful risk—benefit assessment,
aiming to provide treatment that is both effective and safe.

Frailty is a syndrome characterized by an age-related decline in physiological reserve and reduced resilience to
stressors, leading to adverse health outcomes.” Frailty has recently gained importance as a predictor of complica-
tions in spine surgery, particularly in adult spinal deformity procedures and in cases of vertebral metastases requir-
ing surgical treatment.”'?

Despite its relevance, controversies persist regarding its clinical definition and how it should be assessed. The
modified Frailty Index (mFI), described by Velanovich et al., is one of the most widely used tools,'” and has proven
to be a reliable predictor of complications in surgery for vertebral tumors.'"'> However, there are few specific
reports in the context of pyogenic vertebral infections.'? Vettivel et al. reported a series of 76 cases of pyogenic
spondylodiscitis, including 30 surgically treated patients, in which the mFI was associated with 30-day mortality
in the bivariate analysis but was not a significant predictor in the multivariable analysis."

The aim of this study was to evaluate the mFI as a predictor of early postoperative complications in patients
undergoing surgery for pyogenic vertebral infections.

MATERIALS AND METHODS

An observational, analytical, retrospective cohort study was conducted in patients diagnosed with pyogenic
spondylodiscitis who underwent surgery between April 1, 2022, and April 1, 2025, by a single surgical team at a
high-complexity tertiary care center in the Autonomous City of Buenos Aires.

A non-probability purposive sample was obtained, including all patients who underwent surgery for pyogenic
spondylodiscitis. Patients >18 years of age with a diagnosis of pyogenic spondylodiscitis were included accord-
ing to the criteria proposed by the Infectious Diseases Society of America (IDSA, 2015) clinical practice guide-
lines, which recommend integration of clinical, radiological, and microbiological findings.'"* The diagnosis was
confirmed when the patient presented with axial pain accompanied by compatible magnetic resonance imaging
findings and at least one positive culture (blood culture, percutaneous aspirate, or intraoperative sample), or when
there was a favorable clinical course under empiric antibiotic therapy in the absence of another identifiable infec-
tious focus. As imaging criteria, T2 hyperintensity of the disc and post-gadolinium enhancement of the adjacent
vertebral bodies and intervertebral disc were considered characteristic.'!*

Additional inclusion criteria were surgical treatment of the vertebral infection with therapeutic intent (decom-
pression, stabilization, or both) and a minimum postoperative clinical follow-up of 30 days.

The indication for surgery was established by the surgical team of our institution based on clinical care crite-
ria, in accordance with indications formally documented in the literature. Surgery was indicated in the presence
of neurological compromise, clinical or radiological progression of the disease, or recurrence despite adequate
antimicrobial therapy. The presence of actual or potential mechanical instability was also considered, defined by
radiological findings such as vertebral collapse >50%, evident translation, or segmental kyphosis >25°."
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Additional inclusion criteria were surgical treatment of the vertebral infection with therapeutic intent (decom-
pression, stabilization, or both) and a minimum postoperative clinical follow-up of 30 days.

The indication for surgery was established by the surgical team of our institution based on clinical care criteria,
in accordance with indications formally documented in the literature. Surgery was indicated in the presence of
neurological compromise, clinical or radiological progression of the disease, or recurrence despite adequate anti-
microbial therapy. The presence of actual or potential mechanical instability was also considered, defined by radio-
logical findings such as vertebral collapse >50%, evident translation, or segmental kyphosis >25°. Table | presents
the Clavien—Dindo classification validated for complications in spine surgery.'® The following outcome measures
were also evaluated: length of hospital stay; white blood cell count and acute-phase reactants at discharge; con-
solidation or fusion of the involved segment at the last available follow-up (according to radiographs or computed
tomography); and evolution of neurological status.

Table 1. Classification of complications according to Clavien-Dindo

Cone [pamiion

I Any deviation from the normal postoperative course without the need for pharmacological, surgical, endosco-
pic, or radiological treatment. Analgesics, antipyretics, antiemetics, diuretics, electrolytes, and physical therapy
are permitted.

II Requires pharmacological treatment with drugs other than those permitted in Grade I. Includes transfusions and
parenteral nutrition.

Illa Requires surgical, endoscopic, or radiological intervention without general anesthesia.
IIIb Requires intervention under general anesthesia.

IVa Potentially life-threatening complication requiring management in the Intensive Care Unit; single-organ dys-
function.

IVb Potentially life-threatening complication with multiorgan dysfunction.

\'% Death

The primary independent variable was the mFI-11, which includes the 11 variables described in Table 2.° A cut-
off value of >0.27 was used, based on previous studies evaluating risk of complications in spine surgery.'’

Other variables with potential predictive value for postoperative complications were also recorded: 1) clinical-
demographic variables: age (years), sex (male/female), nutritional status (serum albumin level), immunocom-
promised status (pharmacologic immunosuppression, active neoplastic disease, human immunodeficiency virus
infection), Charlson Comorbidity Index, and ASA (American Society of Anesthesiologists) score;'”'® 2) micro-
biological variables: type of isolated pathogen, presence of multidrug-resistant organisms (resistance to 3 or more
antibiotic classes), empiric treatment initiated, and duration of antibiotic therapy; 3) vertebral infection charac-
teristics: number of affected foci (single vs. multiple), presence of epidural or paravertebral abscess on imaging,
anatomical level involved (cervical, thoracic, lumbar), presence and type of neurological deficit according to the
American Spinal Injury Association classification (complete/incomplete), duration of the deficit in hours, pres-
ence of mechanical instability (vertebral collapse >50%, kyphosis >25°, evident translation), recurrence or clini-
cal/radiological progression during antibiotic treatment, and Pola classification type;' 4) surgical variables: type
of surgery performed (decompression alone or instrumented surgery), surgical approach (anterior, posterior, or
combined), number of instrumented vertebrae, operative time (minutes), and use of coated implants (nanosilver);
5) preoperative laboratory values: hemoglobin, albumin, total white blood cell count (x10%mm3), platelet count,
coagulopathy (defined as International Normalized Ratio >1.5 or prolonged activated partial thromboplastin time),
C-reactive protein, and erythrocyte sedimentation rate; 6) preoperative life support: requirement for mechanical
ventilation or vasoactive drugs (inotropes) within 24 hours prior to surgery.
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Table 2. Variables of the Modified Frailty Index-11 (mFI-11)
Functional dependence
History of diabetes mellitus
History of chronic obstructive pulmonary disease (COPD)
History of congestive heart failure
History of acute myocardial infarction
History of percutaneous coronary intervention, coronary artery bypass grafting, or angina
Hypertension requiring medication
History of cerebrovascular accident or transient ischemic attack
History of cognitive impairment or dementia
Peripheral vascular disease or intermittent claudication
History of cerebrovascular disease with residual deficit

The mFI-11 is calculated by assigning one point for each present comorbidity. The total score is divided by 11 to obtain a value between 0 and 1. For example, if
a patient has 3 of the 11 listed conditions, their mFI-11 will be 0.27.

Statistical Analysis

Categorical variables are presented as absolute and relative frequencies (n and %) and were compared using the
x? test or Fisher’s exact test, as appropriate. Continuous variables were analyzed according to their distribution,
assessed with the Shapiro-Wilk normality test. Variables with a normal distribution are presented as mean and
standard deviation (SD) and were compared using Student’s 7 test for independent samples. Variables with a non-
normal distribution are presented as median and interquartile range (IQR) and were compared using the Mann-
Whitney U test. A p value <0.05 was considered statistically significant. Statistical analysis was performed using
IBM SPSS Statistics (version 25).

RESULTS

A total of 22 patients who underwent surgery for pyogenic spondylodiscitis were included. Mean age was 62.36
years (SD = 10.918; range 32-81), and 13 (59.1%) were men and 9 (40.9%) were women. All patients had at least
one comorbidity; the median Charlson Comorbidity Index was 4 points (IQR 2.75-5.25). Most patients were clas-
sified as ASA III or IV (n = 20; 90.9%). Diabetes was the most frequent comorbidity (n = 15; 68.2%) (Table 3).

Table 3. Clinical variables and laboratory parameters

_ Standard deviation 25th percentile 75th percentile

Axillary temperature (°C) 36.5 36.3 36.0 37.1
Hemoglobin (g/dL) 10.9 1.8 10.8 104 11.3
Albumin (g/dL) 2.93 0.56 2.90 2.50 3.30
White blood cells (x10%/mm3) 19190 36883 11375 8470 13820
Urea 49.8 329 38.0 23.6 71.0
Creatinine .94 0.47 0.88 0.60 1.12
CRP (mg/L) 321.3 537.7 115.8 36.3 160.0
ESR (mm/h) 73 31 81 55 97

CRP = C-reactive protein; ESR = erythrocyte sedimentation rate.
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The most frequently isolated pathogen was Staphylococcus aureus (n = 11; 50%), followed by Pseudomonas
aeruginosa (n = 4; 18.1%) and Escherichia coli (n = 2; 9%). One patient had a polymicrobial infection (P. aeru-
ginosa + K. pneumoniae) (Figure 1).

B. suis

S. agalactiae
S. epidermidis
S. intermedius

Klebsiella pneumoniae + Pseudomonas aeruginosa

Primary pathogen

E.coli

P aeruginosa

S. aureus

Figure 1. Bar chart showing the distribution of etiologies.

Four patients (18.2%) had multidrug-resistant strains. Empiric antibiotic therapy was used in most cases (n =
19; 86.4%), with subsequent adjustment of the regimen according to the identified etiology. Median duration of
antibiotic treatment was 8 weeks (IQR 8-12). In one patient, no pathogen was isolated. In four patients (18.2%),
the organism was isolated from a computed tomography-guided aspiration sample. Only nine patients (40.9%) had
undergone prior computed tomography-guided aspiration, with a diagnostic yield of 44.4%. Surgical cultures were
positive in 10 cases (45.5%), blood cultures in 12 (54.5%), and in two patients (9.1%), the pathogen was isolated
from samples obtained during debridement of the index procedure.

Thoracic spondylodiscitis was the most frequent location (n = 11; 50%), followed by lumbar (n =7; 31.8%) and
cervical (n =4; 18.2%). Infection most commonly involved a single vertebral segment (n = 17; 77.3%). Associated
epidural abscess was observed in 19 patients (86.4%), paravertebral abscess in 14 (63.6%), and psoas abscess in
four (18.2%). More than half of the patients had a neurological deficit (n = 15; 68.1%): six (27.3%) were complete
and nine (40.9%) were incomplete. In most cases (85.7%), symptom duration at the time of surgery was >72 hours
(median 13.5 days; IQR 7-33.25).

Criteria for mechanical instability were identified in 15 patients (68.2%), and in four cases (18.2%), surgery was
indicated after failure of initial conservative antibiotic treatment. According to the Pola classification, the most
frequent type was C (n = 18; 81.8%). Figure 2 shows the distribution of cases according to the Pola classification.
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Figure 2. Bar chart showing the distribution of patients according to the Pola classification.

On admission, only one patient had an axillary temperature >38 °C (median 36.2 °C; IQR 36.0-37.1). Most
patients were anemic (n = 17; 77.3%), and 10 (45.5%) had impaired renal function. Additionally, 13 (59.1%) had
serum albumin levels consistent with malnutrition. Less than half presented with leukocytosis at admission (n =
10; 45.5%). In contrast, acute-phase reactants were elevated in all patients. None required vasoactive support or
mechanical ventilation prior to surgery. Clinical and laboratory variables are detailed in Table 3.

Nineteen of the 22 patients (86.4%) underwent decompression combined with arthrodesis, while three (13.6%)
underwent isolated decompression with drainage and surgical debridement. In most cases, a single conventional
posterior approach was used (n = 17; 77.3%). In four cases (18.2%) with cervical involvement, an exclusive ante-
rior approach with corpectomy was performed, and one patient (4.5%) with involvement of the lumbosacral junc-
tion was treated using a combined approach. In four of the 19 instrumented arthrodesis cases (21%), a nanosilver-
coated implant was used. Surgical indications are detailed in Figure 3; notably, several patients met more than
one indication for surgery. The median number of instrumented levels was 5 (IQR 3-7). Mean operative time was
152.14 minutes (SD + 56.5).
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Figure 3. Horizontal bar chart showing the number of patients by surgical indication.

A total of 40 complications were recorded in 22 patients, classified according to severity using the Clavien-
Dindo scale (Table 4).

During the postoperative period, 12 patients (57.1%) experienced at least one complication of grade III or higher.
When mild complications (grade II or lower) were also considered, 18 patients (81.8%) experienced at least one
adverse event. The most frequent severe complications were septic shock (n = 3; 13.6%), persistent infection re-
quiring surgical debridement (n = 3; 13.6%), and heart failure (n = 3; 13.6%). These were followed by pneumonia
(n = 2; 9.1%), implant-related complications (one case of loosening and one of mechanical failure; n = 2; 9.1%),
and C. difficile infection (n = 2; 9.1%).

When comparing the occurrence of complications according to mFI-11, nine patients had a high frailty status
(mFI-11 >0.27; i.e., 23 positive frailty variables). The median mFI-11 was 0.18 (moderate frailty; IQR 0.09-0.27).
The presence of severe postoperative complications (Clavien-Dindo grade >III) was significantly associated with
male sex (83.3% vs. 30%; p = 0.027), diabetes (58.3% vs. 40%; p = 0.020), cervical involvement (33.3% vs. 0%;
p = 0.016), neurological deficit at admission (91.7% vs. 30%; p = 0.005), and serum albumin levels <3.2 mg/dL
(83.3% vs. 33.3%; p = 0.029). A non-significant trend toward a higher comorbidity burden was also observed (me-
dian Charlson score: 4.5 vs. 3; p = 0.093).
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Table 4. Complications”

Complication Clavien-Dindo <3 Clavien-Dindo 3 or higher
4 4 0

STADH

Pressure injuries 2 2
Persistent infection 3 0 3
Urinary tract infection 3 0 2
Septic shock 3 0 3
Acute kidney injury 3 2 1
Heart failure 3 0 3
Instrument-related complications 2 0 2
Pneumonia 2 0 2
Deep vein thrombosis 2 2 0
Clostridium difficile infection 2 0 2
Hepatotoxicity 1 1 0
Bicytopenia 1 1 0
Gastrointestinal bleeding 1 0 1
COVID-19 1 1 0
Partial intestinal obstruction 1 1 0
Cognitive impairment 1 1 0
Septic arthritis 1 0 1
Epistaxis 1 0 1
Spondylodiscitis 1 0 1
Total 40 11 14

SIADH = Syndrome of Inappropriate Antidiuretic Hormone secretion.
40 complications in 22 patients.

Preoperative frailty as a categorical variable (mFI-11 20.27: 58.3% vs. 20%; p = 0.082) was associated with
severe complications, although this did not reach statistical significance. However, when mFI-11 was analyzed as
a non-parametric continuous variable using the Mann-Whitney U test, a significantly higher median value was ob-
served in the group with severe complications [0.27 (IQR 0.18-0.33) vs. 0.09 (IQR 0.00-0.20); p = 0.006] (Figure
4).

No significant differences were found with respect to age, type of surgery, presence of abscesses, microbiologi-
cal isolation, or preoperative white blood cell count. Median length of hospital stay was 55 days (IQR 37-75), me-
dian intensive care unit (ICU) stay was 3.5 days (IQR 2-14), and median clinical follow-up was 246.5 days (IQR
102-726). No significant differences in follow-up duration were observed according to the presence or absence
of severe complications (291 vs. 226.5 days; p = 0.923). However, patients who developed severe complications
required a significantly longer ICU stay (median 6 vs. 2 days; p = 0.009) and a longer total hospital stay, with
borderline statistical significance (57.5 vs. 40 days; p = 0.050). No association was found between overall or ICU
length of stay and the degree of preoperative frailty.
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Figure 4. Box plot showing the distribution of mFI-11 values according to the presence of complications.

The mortality rate was 13.6% (n = 3). Among the remaining patients, fusion of the involved segment at 90 days
was confirmed in 52.6% of cases (10 of 19 patients) (Figure 5). During hospitalization, inflammatory markers
decreased significantly. Median white blood cell count decreased from 10,640/mm3 (IQR 8,037-13,332) at admis-
sion to 6,986/mm?3 (IQR 5,130-11,741) at discharge (p = 0.04). Similarly, erythrocyte sedimentation rate decreased
from 78.5 mm/h (IQR 43.7-96.7) to 32.5 mm/h (IQR 21.7-53.7) (p = 0.013), and C-reactive protein decreased from
a median of 89.9 mg/L (IQR 23.2-160) to 10.2 mg/L (IQR 4.1-56.7) (p = 0.005). Neurological improvement of at
least one grade on the ASIA scale was documented in 9 of 15 patients (60%) (Figure 6).
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Figure 5. Sagittal computed tomography scan of the thoracic
spine, 90 days after the onset of thoracic spondylodiscitis, showing
segmental fusion and spinal stability.

Figure 6. Magnetic resonance imaging of the thoracic spine in a patient with spondylodiscitis complicated by an epidural
abscess and spinal cord involvement, at admission (A) and one year later (B). A. Contrast-enhanced T1-weighted sequence
showing the characteristic enhancement of spondylodiscitis, with involvement of the intervertebral disc space, adjacent
vertebral bodies, anterior paravertebral soft tissues, and epidural space. B. T2-weighted sequence at 1-year follow-up showing
resolution of the abscess, decompression of the spinal cord, and no signal abnormalities. These findings correlate with
complete neurological recovery from an incomplete spinal cord injury.
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DISCUSSION

Pyogenic spondylodiscitis is a severe and potentially devastating disease that predominantly affects vulner-
able populations, in whom multiple risk factors have been identified, including intravenous drug use, immu-
nosuppression, and clinical frailty. Mortality rates of up to 20% have been reported in some series.” In our
cohort of surgically treated patients, those with severe frailty accounted for a considerable proportion and were
characterized by a high burden of comorbidities, a high rate of severe complications (54.5%), and early mortal-
ity (13.6%).

The morbidity and mortality associated with this condition are partly related to neurological involvement, epi-
dural space invasion, and, in cases of severe structural damage, mechanical instability.">> Our cohort consisted
predominantly of patients with advanced disease: more than half presented with neurological deficits at admis-
sion (n = 15; 68.1%), and 85.7% underwent surgery after more than 72 hours of symptom evolution. In addition,
15 patients (68.2%) met criteria for mechanical instability. The occurrence of severe complications was signifi-
cantly associated with preoperative neurological deficit (p = 0.005).

Although the surgical indication for spondylodiscitis remains a matter of debate in certain aspects, there is
consensus in the literature regarding its fundamental role in cases of instability, neurological compression, or
failure of antibiotic therapy. This underscores the need for a careful risk-benefit assessment when determining
surgical timing and indication. In this context, several studies have sought to identify predictors of postoperative
complications.?>* In addition, various scoring systems have been developed to predict complications in this pa-
tient population, although their predictive performance remains limited.** Bazan et al. proposed a morphological
classification of epidural abscesses that helps guide therapeutic planning.”

In a series of 143 surgically treated patients, Ukon et al. identified the following factors associated with severe
complications: a high Charlson Comorbidity Index, chronic lung disease, diabetes, Gram-negative infection,
pyogenic osteoarthritis, leukocytosis, and preoperative thrombocytopenia.*?! Pola et al., in a cohort of 207 pa-
tients (47 of whom underwent surgery), reported negative blood cultures, neurological deficit at diagnosis, and
underlying endocarditis as negative prognostic factors.”> Camino-Willhuber et al. analyzed 627 patients who un-
derwent surgery for pyogenic spondylodiscitis using the American College of Surgeons National Surgical Quality
Improvement Program (ACS-NSQIP) database, a validated multicenter source for surgical outcomes research.”
They reported a complication rate of 14.6%, a readmission rate of 9.4%, and a reoperation rate of 6.2%. The most
frequent complications were wound infection, pneumonia, septic shock, and death (1.8%). Hypoalbuminemia
and the need for dialysis were associated with increased perioperative morbidity and mortality.

Consistent with previous findings, in our cohort, severe complications were significantly associated with male
sex (83.3% vs. 30%; p = 0.027), diabetes (58.3% vs. 40%; p = 0.020), cervical involvement (33.3% vs. 0%; p =
0.016), preoperative neurological deficit (91.7% vs. 30%; p = 0.005), and hypoalbuminemia (<3.2 mg/dL; 83.3%
vs. 33.3%; p = 0.029). A non-significant trend toward a higher comorbidity burden was also observed in the group
with severe complications (median Charlson score: 4.5 vs. 3; p = 0.093).

Numerous studies have identified preoperative frailty as a predictor of complications and mortality in patients
with spinal disease, particularly in settings such as vertebral metastases, deformities, and degenerative condi-
tions. However, its role has been less extensively studied in spinal infections."® In our series, preoperative frailty
showed a relevant association with severe complications. Although the categorical analysis of the mFI-11 (20.27)
demonstrated only a non-significant trend (58.3% vs. 20%; p = 0.082), when analyzed as a continuous variable,
patients with severe complications had a markedly higher median mFI-11, with a statistically significant dif-
ference. This finding suggests that quantitatively assessed frailty may represent a useful prognostic marker for
anticipating postoperative adverse events in this population.

Our findings, in line with the available literature, suggest that specific risk factors may help identify patients
at increased risk of severe complications. Future studies should evaluate whether emerging technologies, such
as minimally invasive or percutaneous approaches, may reduce surgical trauma and, consequently, complication
rates in this complex setting.?¢%
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This study has limitations inherent to its retrospective design and small sample size. Nevertheless, it provides
relevant findings regarding the role of frailty as a risk factor in the surgical treatment of pyogenic spondylodiscitis,
an aspect that remains insufficiently explored in adult spinal infections.

CONCLUSIONS

In patients with pyogenic spondylodiscitis undergoing surgery, preoperative frailty was significantly associated
with a higher rate of severe complications, particularly when analyzed as a continuous variable. These findings
support the need for a comprehensive patient assessment that includes frailty indices to optimize surgical decision-
making and timing in this vulnerable population.
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ABSTRACT

We report the case of a woman with osteopoikilosis who was evaluated by the orthopedic oncology service due to blastic lesions in
the left proximal femur identified on pelvic radiography and increased uptake on bone scintigraphy. The patient reported a one-year
history of polyarthralgia of unknown origin, with pain in the spine, hips, and knees, which worsened during the menstrual cycle
and when ascending or descending stairs. Magnetic resonance imaging of the pelvis and left femur was performed, confirming
the findings. Conclusion: Osteopoikilosis is a rare benign sclerosing bone dysplasia; however, lack of awareness of this condition
may lead to unnecessary invasive studies and emotional distress. This case is presented to raise awareness of its existence and
its importance as a differential diagnosis of malignant diseases.

Keywords: Osteopoikilosis; Albers-Schoenberg disease; benign bone tumor.

Level of Evidence: |V

Osteopoiquilosis, “la enfermedad de los huesos manchados”: un hallazgo 6seo benigno. A propédsito de
un caso clinico

RESUMEN

Se comunica el caso de una mujer con osteopoiquilosis, evaluada en el Servicio de Ortopedia Oncoldgica, por presentar lesiones
blasticas en el fémur proximal izquierdo detectadas en una radiografia de pelvis e hipercaptacion en la gammagrafia ésea. La pa-
ciente refirié que, desde hacia un afo, tenia poliartralgias de origen desconocido, dolor en la columna, las caderas y las rodillas,
que se exacerbaba con el ciclo menstrual, y al bajar y subir escaleras. Se solicité una resonancia magnética de pelvis y de fémur
izquierdo, con la que se confirmaron los hallazgos. Conclusiones: La osteopoiquilosis es una displasia sea esclerosante benig-
na con una baja incidencia; sin embargo, desconocer esta enfermedad lleva a indicar estudios invasivos y a generar un malestar
emocional. Se presenta este caso clinico con la intencién de concientizar sobre su existencia y la importancia como diagnéstico
diferencial de enfermedades malignas.

Palabras clave: Osteopoiquilosis; enfermedad de Albers-Schoenberg; tumor 6seo benigno.

Nivel de Evidencia: IV

INTRODUCTION

Osteopoikilosis, also known as disseminated condensing osteopathy, is an autosomal dominant disorder associ-
ated with heterogeneous mutations in the LEMD3 gene, which encodes a protein of the inner nuclear membrane.
It was first described by Heinrich Albers-Schonberg in 1915 and is currently recognized as a rare condition, with
an estimated prevalence of 1 in 50,000 individuals.' In some studies, mutations have been identified in familial
cases of osteopoikilosis.” Its incidence is similar in both sexes, it can occur at any age, and it primarily affects the
epiphyses of long bones. It has three patterns of presentation: spotted, striated, and mixed.

Most patients are asymptomatic; only 20% experience symmetric joint pain and edema.>? Additionally, 25%
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may present with other conditions, such as cardiac disease, dacryocystitis, and renal and endocrine malformations.
It may occur in isolation or in association with melorheostosis (hyperostosis of the cortical bone of tubular bones
resembling dripping candle wax over the surface of long bones, usually unilateral and asymmetric), dermatofibro-
sis lenticularis disseminata, forming Buschke-Ollendorff syndrome,* or with Gardner syndrome, which includes
osteopoikilosis and colonic polyposis.’

From a radiological standpoint, it is characterized by multiple small (2-3 mm), well-defined, round or ovoid
radiodense sclerotic lesions. Histologically, focal areas of compact lamellar bone are observed within cancellous
bone.>*

For this reason, the diagnosis is usually incidental. It should be emphasized that the condition does not undergo
malignant transformation or affect bone strength, and it does not require specific treatment.'® To differentiate it
from metastatic disease, its distribution must be considered, as it involves long bones as well as phalanges, carpal
bones, metacarpals, tarsal bones, and the pelvis, with a symmetrical pattern but uneven distribution, and only rarely
involves the skull, ribs, clavicles, and vertebrae. In addition, there is no evidence of bone destruction.> Its course
is typically benign, and most patients remain asymptomatic, with diagnosis often being incidental. However, as-
sociations between osteopoikilosis and other malformations, such as duplicated ureter, coarctation of the aorta,
precocious puberty, and exostoses, have been reported.’

The aim of this article is to highlight the characteristics of this condition and how it differs from metastatic dis-
ease, with emphasis on avoiding unnecessary invasive procedures, which may cause significant emotional distress
for patients and impose an economic burden on the healthcare system.

CASE REPORT

A 30-year-old woman presented with bilateral knee pain radiating to the left thigh, with a one-year history. She
also reported occasional thoracolumbar spine pain that worsened during the menstrual cycle and when climbing or
descending stairs. Additionally, she described a nonspecific sensation of decreased strength.

Bilateral radiographs of the pelvis and femurs were obtained, revealing rounded, bead-like sclerotic lesions in
both femurs, without signs of malignancy (Figure 1).

Figure 1. Anteroposterior radiograph of the pelvis showing multiple rounded
sclerotic foci measuring <1 cm in the cancellous bone of the proximal femur
and pelvis, sparing the cortex, with no periosteal reaction.

m Rev Asoc Argent Ortop Traumatol 2026; 91 (2): 151-156 « ISSN 1852-7434 (online)



Osteopoikilosis: A Benign Finding

Magnetic resonance imaging showed multiple millimetric punctate lesions, hypointense on both T1- and
T2-weighted sequences, predominantly visible on T1-weighted images. These lesions were bilateral and relative-
ly symmetrical, involving the lower right limb, mainly at the periarticular level in the distal knee region. They
had ill-defined margins, with no associated edema, expansile effect, or contrast enhancement (Figures 2 and 3).

Figure 2. Magnetic resonance imaging of the pelvis, coronal section,
T1-weighted sequence, showing multiple small hypointense lesions in the
proximal femur.

Figure 3. Magnetic resonance imaging of the distal femur, coronal section,
T1-weighted sequence, showing multiple small hypointense lesions.
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A bone scintigraphy was also performed, demonstrating areas of increased uptake consistent with osteopoiki-

losis (Figure 4).
-
o

A

Figure 4. Bone scintigraphy showing areas of increased uptake in the bilateral
proximal humeri, pelvis, and proximal and distal femora.

m Rev Asoc Argent Ortop Traumatol 2026; 91 (2): 151-156 * ISSN 1852-7434 (online)



Osteopoikilosis: A Benign Finding

Based on these findings, the patient was evaluated by the Orthopedic Oncology Service, where left patellofem-
oral pain and hip pain on rotation were identified, along with right-sided hyporeflexia.

A discrepancy between the clinical presentation and imaging findings was noted. A consultation with the Rheu-
matology Department was requested, and comparative follow-up radiographs of the spine, pelvis, and femurs were
obtained. These showed normal bone density, preserved joint relationships, and well-defined radiodense lesions
in the distal femur and bilateral proximal tibia, more pronounced on the left side. There was no bone expansion,
cortical disruption, or soft tissue component, and no changes compared with the previous study.

DISCUSSION

On magnetic resonance imaging, osteopoikilosis may appear as multiple benign bone islands distributed through-
out the axial and appendicular skeleton, appearing as small hypointense lesions on both T1- and T2-weighted
images.® These findings are attributed to a failure of resorption of secondary cancellous bone and are typically
clustered around large joints.”® In our patient, the main characteristic features (symmetrical involvement of long
bones) were present, and clinical suspicion was confirmed by the imaging studies. However, one of the most im-
portant differential diagnoses is osteoblastic metastases, as well as Erdheim-Chester disease.”® Therefore, bone
scintigraphy was required to rule out findings such as osteolysis or periosteal reaction suggestive of malignancy
and to exclude these diagnostic possibilities.’ It should also be emphasized that the radiological findings of osteo-
poikilosis are sufficiently characteristic to avoid misdiagnosis and prevent unnecessary invasive procedures, such
as biopsy.'?

Patients with osteopoikilosis may also be associated with autoimmune disorders, as the LEMD3 gene influences
the expression of transforming growth factor B1, a modulator of immune responses. Therefore, a thorough clinical
examination and detailed medical history are warranted, along with referral to the Rheumatology Department to
rule out such conditions. In our patient, the clinical findings did not correlate with the imaging findings, which
prompted interdisciplinary evaluation.

It should be noted that this condition may predispose to excessive fibrous tissue formation, which may increase
the risk of joint stiffness and disability following surgical procedures. Therefore, early diagnosis and appropriate
follow-up are essential.®

Currently, there is no consensus regarding treatment. Some studies suggest the use of nonsteroidal anti-inflam-
matory drugs for pain management. Analgesics, such as acetaminophen, and opioids may also be used.'!

CONCLUSIONS

It is essential to recognize osteopoikilosis to avoid misdiagnosis as a malignant condition, and to ensure timely
referral for multidisciplinary evaluation to rule out associated autoimmune disorders.
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CASE REPORT

Management of Radial Shaft Nonunion
with Fixation Failure Using the Masquelet
Technique: A Case Report
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ABSTRACT

Nonunion represents a challenge for orthopedic surgeons, and although several treatment options exist, there is no clear consen-
sus. We report the successful use of the Masquelet technique as an alternative approach. This technique, commonly used for the
treatment of large bone defects in the extremities, has reported success rates ranging from 82% to 100%. Although it is widely used
in the lower limbs, there is limited evidence regarding its application in the upper limbs. We present a case of radial shaft nonunion
with fixation failure, successfully treated using this technique. Conclusion: Bone union was achieved at approximately 8 months,
with symptom resolution and functional recovery, demonstrating the effectiveness of this therapeutic option.

Keywords: Bone graft; Masquelet technique; Nonunion.

Level of Evidence: IV

Manejo de la seudoartrosis diafisaria de radio con falla de sintesis mediante la técnica de Masquelet. Pre-
sentacion de un caso

RESUMEN

La seudoartrosis representa un desafio para el cirujano y, aunque existen diferentes alternativas de tratamiento, no hay un con-
senso claro. Presentamos el uso exitoso de la técnica de Masquelet como alternativa. Esta técnica, conocida por tratar defectos
dseos largos en las extremidades, tiene tasas de éxito del 82% al 100%. Aunque su uso es comun en los miembros inferiores,
hay poca evidencia sobre su aplicacién en los miembros superiores. En este reporte, se presenta un caso de seudoartrosis en la
diafisis radial con falla del material de osteosintesis, tratado exitosamente con esta técnica. Conclusion: La consolidacién ésea
ocurrié en aproximadamente 8 meses, los sintomas se aliviaron y se logré la recuperacion funcional, lo que demuestra la eficacia
de esta opcidn terapéutica.

Palabras clave: Injerto 6seo; técnica de Masquelet; seudoartrosis.

Nivel de Evidencia: IV

INTRODUCTION

Forearm fractures affect upper limb function and require appropriate treatment to prevent complications such as
nonunion, which represents a challenge for the surgeon. Nonunion is defined as the absence of bone healing within
the expected timeframe, without the potential for spontaneous consolidation. In clinical practice, its diagnosis is
complex and depends on factors such as fracture type, initial treatment, time elapsed, and bone condition; there-
fore, clinical and radiographic criteria are essential.’

The treatment of nonunion depends on its origin and characteristics, and proper classification is key. When
biological potential is adequate, proper alignment and stable osteosynthesis are sufficient; in nonviable lesions,
additional measures are required to promote bone healing.?
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Options for the treatment of large bone defects in the upper extremity include autografts, allografts, distraction
osteogenesis, and bioactive materials. Each technique has specific indications and limitations: autografts require
a well-vascularized bed and offer better integration in poorly vascularized areas, but they involve greater surgical
complexity; allografts avoid donor-site morbidity, but may lead to complications such as infection and fracture.’

The Masquelet technique is based on the use of an autologous bone graft within an induced biological mem-
brane and is an effective and relatively simple method for treating segmental bone defects in both the upper and
lower extremities. It can be applied in aseptic or septic settings and does not require advanced microsurgical
techniques.*

This technique is performed in two stages: first, debridement and bone stabilization are carried out with place-
ment of a cement spacer and fixation material; approximately 4 weeks later, after formation of the induced mem-
brane, the spacer is removed and the defect is filled with an autologous bone graft.?

This grafting approach is effective for treating bone defects of several centimeters in length in the extremities,
with union rates ranging from 82% to 100%. Most currently published studies focus on bone defects in the lower
extremities.’ There are few reports on its use in the upper extremity, which underscores the relevance of the clin-
ical case presented here: a radial diaphyseal nonunion successfully treated with this technique.

CLINICAL CASE

A 29-year-old man with no relevant past medical history sustained a fall from a motorcycle, resulting in
trauma to the left upper limb. He presented with a diaphyseal fracture of the left radius classified as AO 2R2B2
(Figure 1). Initial management consisted of analgesia, immobilization, and hospital admission for surgical
treatment. Two days after the injury, the fracture was treated with a dynamic compression plate through a volar
approach.

Figure 1. Anteroposterior (A) and lateral (B) radiographs of the forearm showing an AO 2R2B2 radial
diaphyseal fracture.
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Two months after surgery, the patient returned for follow-up, and control radiographs showed delayed union
(Figure 2).

Figure 2. Anteroposterior (A) and lateral (B) radiographs of the forearm showing delayed union.

Eight months later, he presented to the emergency department with deformity of the left forearm. He denied
recent trauma or fever, and the surgical wound was in good condition, without inflammatory changes or signs of
infection. Radiographic evaluation revealed a radial diaphyseal nonunion associated with failure of the fixation
hardware (Figure 3). Complete laboratory tests were requested, including erythrocyte sedimentation rate and C-re-
active protein.

The patient underwent surgery consisting of resection of all nonviable bone and removal of the fixation hard-
ware, through the previous volar approach, which was extended. During the procedure, no signs of infection were
observed at the nonunion site. The residual bone defect after debridement measured approximately 10 cm. An
antibiotic-free orthopedic bone cement spacer was placed in the defect. For stabilization, a Kirschner wire was
inserted within the cement to function as an intramedullary support, and a second wire was used to perform tem-
porary arthroereisis of the distal radioulnar joint (Figure 4).
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Figure 3. A. Obvious deformity of the forearm. Anteroposterior (B) and lateral (C) radiographs of the forearm showing a
radial diaphyseal nonunion associated with failure of the fixation hardware.

Figure 4. Anteroposterior (A) and lateral (B) radiographs of the forearm in the immediate postoperative period, showing
orthopedic cement associated with Kirschner wires. C and D. Visualization and placement of orthopedic cement.
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No postoperative complications were observed. Four weeks after cement placement, the patient underwent the
second stage of the procedure. During this stage, the cement spacer was removed, and the formation of the induced
membrane was confirmed intraoperatively. The bone defect was then filled with autologous cancellous bone graft
harvested from the iliac crest. A locking dynamic compression plate was applied in neutralization mode, and an
additional Kirschner wire was placed to maintain distal radioulnar joint arthroereisis (Figure 5).

’ l’ . ]
R RIS 4
hr- “ /
Figure 5. A. Removal of the orthopedic cement with visualization of the induced membrane (tip of the forceps).

Anteroposterior (B) and lateral (C) radiographs of the forearm in the immediate postoperative period, showing the
bone graft and fixation hardware.

The patient showed favorable progression, with the surgical wound in good condition and no signs of infection or
pain. Follow-up radiographs at 1 month (Figures 6A and B) and 3 months (Figures 6C and D) demonstrated good
progression of bone healing. The Kirschner wire was removed, and rehabilitation was initiated.

One year after surgery, complete bone union was observed on radiographs (Figures 7A and B). The patient re-
ported no pain, had no neurovascular deficits or signs of infection, and maintained range of motion, with pronation
of 60° and supination of approximately 70° (Figures 7C and D).
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Figure 6. Anteroposterior (A) and lateral (B) radiographs of the forearm at 1 month and 3 months after surgery (C and D).
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Figure 7. Anteroposterior (A) and lateral (B) radiographs of the forearm 1 year after surgery, showing bone union.
C and D. Range of motion: pronation and supination, respectively.

DISCUSSION

The induced membrane technique described by Masquelet has consistently established itself as an effective and
reliable method for the treatment of segmental bone defects. Although its initial applications were limited, its use
has progressively expanded to include the long bones of the upper extremity.
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In a review of this technique for fractures with segmental bone loss in the upper extremity, Braswell et al.’ re-
ported favorable outcomes, with an overall union rate of 91.3% and a mean time to union of 20 weeks. Similarly,
Pederiva et al.® reported a union rate of 96%, with a mean time to union of 5.5 months and an average defect
length of 4.5 cm. In a case report of an infected radial diaphyseal nonunion treated with this technique, Nitai et
al.” reported favorable outcomes, with complete graft ossification at 10 months.

Micev et al.’ proposed an optimal interval of 4 weeks for bone grafting within the induced membrane. In a ran-
domized group of 14 patients treated with the Masquelet technique, membrane vascularization peaked at 1 month
and decreased to less than 60% in samples obtained at 3 months. One-month samples showed the highest levels
of vascular endothelial growth factor, interleukin-6, and type I collagen, whereas 2-month membranes exhibited
less than 40% of the levels observed at 1 month.

Compared with data from oncologic reconstruction of the upper extremity, O’Connor et al.® concluded that the
induced membrane technique compares favorably. They also reported no significant clinical differences com-
pared with free bone grafting, despite the latter demonstrating shorter time to union. Furthermore, the Masquelet
technique allows limb salvage in cases where microvascular bone flaps are not feasible.

In a comparative study of this technique and vascularized fibular grafting in open forearm fractures with seg-
mental bone defects, Zhou et al.’ concluded that clinical and radiographic outcomes are similar; however, with the
Masquelet technique, operative time, hospital stay, and intraoperative blood loss were reduced. A military study
reported a high success rate with this technique for the management of open fractures, bone loss, or infections
(common complications in combat settings) since, in the military environment, there are limitations to other pro-
cedures, such as bone transport or vascularized bone grafting.'

Rohilla et al.!! compared the Masquelet technique with bone transport in a prospective study of 25 patients with
infected tibial nonunion and bone loss of up to approximately 6 cm. The authors reported that both techniques
achieved functional outcomes, but bone transport was superior in terms of bone healing.

Among the main complications of this technique, some studies report nonunion requiring unplanned reop-
erations,’ while others identify infection as one of the most frequent complications.® Pederiva et al.’ reported a
complication rate of 21% and failure in only 6 of 156 patients.

This technique yields good functional outcomes but requires strong commitment from both the patient and the
surgeon, as well as effective communication, with patients being informed of the possibility that multiple proce-
dures may be required until bone union is achieved.”

CONCLUSIONS

The Masquelet technique proved to be an effective option for the treatment of a radial diaphyseal nonunion with
significant bone loss, achieving complete bone union and satisfactory functional recovery. This outcome supports
the use of the Masquelet technique as a safe and viable alternative for bone reconstruction in the upper extremity,
provided that appropriate surgical timing is respected and good adherence to treatment is ensured.
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Pretibial Ganglion Cyst Secondary to Anterior
Cruciate Ligament Reconstruction and Its
Conservative Management: A Two-Case Report
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ABSTRACT

Introduction: We present two cases of pretibial ganglion cyst, an uncommon postoperative complication after arthroscopic ante-
rior cruciate ligament (ACL) reconstruction. In both cases, hamstring autografts and biodegradable interference screws were used
for fixation. We discuss the rarity and multifactorial etiology of this complication, including fixation material and graft micromotion.
Both conservative (aspiration) and surgical (curettage and bone grafting) treatment options are reviewed; however, surgery ap-
pears to be more effective in preventing recurrence. The choice of fixation material is highlighted as a key preventive factor. Con-
clusion: Management should be individualized, and close follow-up is essential.

Keywords: Cyst; pretibial ganglion; anterior cruciate ligament.

Level of Evidence: IV

Ganglion pretibial secundario a la reconstruccion del ligamento cruzado anterior y su tratamiento
conservador. Reporte de dos casos

RESUMEN

Se presentan dos casos clinicos de ganglion pretibial, una complicacién posoperatoria infrecuente tras la reconstruccion artros-
cépica del ligamento cruzado anterior; en ambos casos, se recurrié a un injerto de isquiotibiales y la fijacién con tornillos interfe-
renciales biodegradables. Se analizan la rareza y la etiologia multifactorial de esta complicacion, inclusive el material de fijacion y
la micromovilidad del injerto. Se exploran las opciones de tratamiento conservador (puncion) y quirdrgico (curetaje y relleno). La
cirugia parece mas efectiva para prevenir las recurrencias. La eleccién del material de fijacion se subraya como un factor preven-
tivo crucial. Conclusién: El manejo debe ser individualizado y el seguimiento continuo es fundamental.

Palabras clave: Quiste; ganglion pretibial; ligamento cruzado anterior.

Nivel de Evidencia: IV

INTRODUCTION

Anterior cruciate ligament (ACL) reconstruction is one of the most commonly performed procedures in knee
surgery. With the evolution and variety of available surgical techniques and fixation materials, it has become a safer
option with a high rate of favorable outcomes, leading to its increasing use. However, no surgical technique is free
from complications. The most common postoperative complications associated with this procedure include pain,
hemarthrosis, infection, deep vein thrombosis, arthrofibrosis, and saphenous neuropathy,'* whereas less frequent
complications include pretibial ganglion cyst and pigmented villonodular synovitis, among others.” "
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We present two patients who underwent arthroscopic ACL reconstruction at different institutions and at dif-
ferent times and subsequently developed pretibial ganglion cysts as a complication. As previously mentioned,
this is a rare complication that may occur even several years after surgery,'* and multiple etiologies have been
proposed.'

CLINICAL CASE 1

A 17-year-old female tennis player had undergone right ACL reconstruction using an autologous hamstring graft
(semitendinosus-gracilis), fixed with a biodegradable interference screw in the tibial tunnel, in June 2022, and right
meniscal allograft transplantation in August 2023. She also tended to develop keloids.

In July 2024, she presented with swelling near the surgical scar over the tibial tunnel that did not interfere with
her athletic performance. She denied previous trauma.

On physical examination, a well-defined soft mass measuring approximately 2-3 cm was observed. It was pain-
less, with no inflammatory signs. Keloid scars corresponding to previous arthroscopic portals were also noted, for
which she was receiving dermatologic treatment (Figure 1). Magnetic resonance imaging showed an intact graft
and preserved tibial tunnel, with no signs of local infection (Figure 2).

Figure 1. Anteroposterior (A), lateral (B), and oblique (C and D) views of the right knee. Swelling is observed in the
anteromedial region of the knee at the tibial metaphysis (large arrows). The patient also presents keloid scars (small arrows)
corresponding to previous arthroscopic portals, which were undergoing dermatologic treatment at the time the images were
obtained.
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Figure 2. Magnetic resonance imaging of the right knee, sagittal and coronal T1-weighted and T2-weighted sequences,
showing continuity of the graft along its course and preservation of its proximal and distal insertions, together with an
anteromedial pretibial cystic mass and bone marrow edema around the tibial tunnel.
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Surgical excision and biopsy of the ganglion cyst were proposed; however, the patient stated that she did not
wish to undergo another procedure, having already had two surgeries in the previous two years. With her consent,
ultrasound-guided aspiration of the pretibial ganglion cyst was performed in the outpatient clinic under sterile con-
ditions (Figure 3). Clear, viscous fluid was aspirated (Figure 4). An elastic compressive dressing was then applied
and indicated for 23 hours per day, and the patient was instructed regarding warning signs.

Figure 3. A and B. Ultrasound-guided aspiration and drainage of the pretibial ganglion cyst in the anteromedial
region. C and D. Appearance after aspiration and drainage.
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Figure 4. Clear, viscous fluid obtained during ultrasound-guided aspiration and drainage of the pretibial ganglion
cyst.

At the two-month follow-up, the swelling had markedly decreased (Figure 5).

Figure 5. Case 1. Follow-up at 2 months after ultrasound-guided aspiration and drainage, showing marked
reduction of swelling (blue arrow).
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The patient returned one year after treatment and reported that she had not attended further follow-up visits
because of symptomatic improvement and complete return to sports activity. Physical examination showed no
relevant findings (Figure 6). During the visit, ultrasound examination of the anteromedial aspect of the proximal
tibia revealed a small, collapsible hypoechoic image corresponding to the pretibial ganglion cyst capsule. The
transplanted medial meniscus was also evaluated, with no pathological findings detected (Figure 7).

Figure 6. Case 1. Follow-up at 1 year after ultrasound-guided aspiration and drainage. Surgical scars from previous
procedures are visible. The patient is asymptomatic.
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Figure 7. Ultrasound of the right knee, over the anteromedial region of the proximal tibia showing a hypoechoic, collapsible
image, identified as the pretibial ganglion cyst (A and B). The transplanted medial meniscus was also evaluated, with no
pathological findings (C).
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CLINICAL CASE 2

A 41-year-old man employed by an electrical utility company had undergone arthroscopic right ACL recons-
truction in 2017 using a double-bundle hamstring autograft (semitendinosus-gracilis), fixed with a biodegradable
interference screw in the tibial tunnel.

One week after surgery, a soft mass developed over the anteromedial proximal region of the right tibia. Mag-
netic resonance imaging and ultrasound confirmed the presence of a cystic lesion related to the tibial tunnel exit
site (Figures 8 and 9). Ultrasound-guided aspiration and drainage were performed under sterile conditions in the
preoperative area, obtaining clear fluid (Figure 10). An elastic compressive dressing was immediately applied. Its
use was indicated for 23 hours per day for 2 months, followed by physical therapy beginning 2 months after the
procedure. Follow-up continued for one year, with no recurrence.

Figure 8. Magnetic resonance imaging of the right knee, axial and sagittal T2-weighted sequences, showing continuity of
the graft along its course and preservation of its proximal and distal insertions, together with an anteromedial pretibial and
intraosseous tibial cystic mass, as well as bone marrow edema around the tibial tunnel.

Rev Asoc Argent Ortop Traumatol 2026; 91 (2): 165-176 « ISSN 1852-7434 (online) 171



T. Alvarado Chéavez et al.

Figure 9. Ultrasound-guided aspiration and drainage of the pretibial ganglion cyst in the anteromedial region.

Figure 10. Clear, viscous fluid obtained during ultrasound-guided aspiration and drainage of the pretibial ganglion
cyst.

Both patients developed a palpable soft mass located in the anteromedial proximal pretibial region, measuring
approximately 2-3 cm in diameter, without signs of local infection or instability of the operated knee.

In the first case (17-year-old woman), the mass developed approximately two years after ACL reconstruction.
Surgical treatment was proposed but declined because she had undergone two surgeries in the previous two
years. Therefore, ultrasound-guided aspiration of the pretibial ganglion cyst was performed, followed by com-
pressive bandaging, nonsteroidal anti-inflammatory drugs, temporary cessation of sports activity, and physical
therapy. At two months, the reduction in lesion size was maintained, without recurrence (Figure 5). At the one-
year follow-up, she reported being asymptomatic and having resumed her usual sports activity, which was the
reason she had not returned for interim visits. She denied recurrence. Ultrasound examination demonstrated a
small painless hypoechoic collapsible image corresponding to a residual pretibial ganglion cyst capsule (Figures
6 and 7).
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In the second case (41-year-old man), pretibial swelling developed within days of arthroscopic surgery. Mag-
netic resonance imaging and ultrasound demonstrated a fluid-filled cystic pretibial lesion consistent with a gan-
glion cyst. Immediate aspiration of the pretibial ganglion cyst was performed (Figures 8-10), followed by strict
compressive bandaging. Physical therapy began at two months, and serial follow-up was continued for one
year. No recurrence occurred. The patient regained full painless range of motion and returned to his usual daily
activities.

DISCUSSION

The development of pretibial ganglion cysts after ACL reconstruction is a relatively uncommon but clinically
relevant complication. According to the review by Barbosa et al.,® these cysts may present with a wide range of
symptoms, from painless swelling without functional impairment to limitation of range of motion. The estimated
incidence ranges from 0.28% to 3.9%.%!¢.!7

Current evidence suggests a multifactorial etiology influenced by patient-related factors, fixation materials,
surgical technique, and biological response.®'>!® Barbosa et al. reported that in approximately 44% of the publi-
cations included in their review (representing 84.56% of reported cases), pretibial cysts developed in the presence
of bioabsorbable materials within the tibial tunnel, ranging from biodegradable screws to sutures, with predom-
inance of poly-L-lactic acid (PLLA) interference screws. Only 11 studies (11.44% of reported cases) described
cyst formation associated with nonabsorbable fixation devices.

In addition, 21% of the included studies reported associated factors such as tendon necrosis, inflammatory re-
action to sutures, allograft use, infection, and graft micromotion. In the same review, magnetic resonance imaging
demonstrated communication between the joint and the tibial tunnel in 14% of 93 patients.® However, these pub-
lications do not specify the time elapsed between identification of tunnel communication and cyst development.

Two meta-analyses'”"”
found no significant differences in postoperative stability or recovery of joint function. However, both studies
reported a higher frequency of joint effusion and tibial tunnel widening with bioabsorbable materials compared
with metallic interference screws.

Although the mechanism underlying formation of these lesions remains unclear, a major contributing factor ap-
pears to be the use of biodegradable interference screws, particularly PLLA screws. Long-term follow-up studies
evaluating these implants have shown a longer-than-expected resorption period, ranging from 7 to 10 years.'®*

comparing bioabsorbable and metallic interference screws for ACL reconstruction

These authors suggest that such implants may induce a chronic inflammatory foreign-body reaction, thereby
increasing the risk of pretibial cyst formation.’'*?!

Less commonly, this complication has also been reported in the presence of nonabsorbable fixation devices,
where it has been associated with possible graft micromotion within the tunnel leading to a similar reaction.®?

In one of the patients described here, the pretibial cyst developed approximately 2 years after surgery, whereas
in the other, it appeared within days of the procedure. Most pretibial ganglion cysts reported after ACL recon-
struction develop around 2 years postoperatively and, less frequently, after 5-7 years. In the second case, this
short interval makes a chronic foreign-body inflammatory reaction less likely; communication with synovial
fluid may reasonably be suspected as a facilitating factor, despite the absence of this finding on imaging studies.

In most published reports, pretibial ganglion cysts after ACL reconstruction have been managed surgically,
either through an open or arthroscopic approach. Management generally consists of cyst excision and tunnel cu-
rettage, with removal of residual material from the primary procedure. Tunnel filling with autologous bone graft,
allograft, or osteoconductive substitutes such as calcium hydroxyapatite has frequently been reported,*1415.20.23.24
and the use of bone cement has also been described,” all with the aim of reducing recurrence. Among the reviews
including the largest number of cases, the estimated recurrence rate ranges from 3% to 7.7%.%'>> Two patients
(of a total of six) were treated with excision and curettage alone.

Yacuzzi et al. and Munguina et al. reported patients initially treated with needle aspiration of the lesion without
success, who subsequently underwent screw removal, curettage, and tunnel filling, achieving resolution.'>*
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Recurrence of these cysts is not clearly characterized in the literature because this complication is uncommon
(1.88%-14.28%).51>2° Some studies suggest that when only drainage or cyst excision is performed, without tun-
nel resection or curettage with bone grafting, recurrence rates may be high.

Complications associated with tibial cysts include recurrence, infection, and, in rare cases, the need for revision
ACL reconstruction. Malhan et al.”® and Ramsingh et al.”” emphasized the importance of careful selection of fix-
ation materials to minimize these risks. Yonga et al.'* highlighted the need for long-term follow-up.

In the two cases presented here, pretibial ganglion cysts developed after ACL reconstruction using biodegrad-
able interference screws. Neither patient reported pain nor showed local inflammatory signs other than swelling.
Both patients, although treated at different institutions and at different times, underwent conservative manage-
ment consisting of aspiration and drainage followed by elastic compressive bandaging and anti-inflammatory
measures. In the first case, the patient’s refusal of surgery justified the choice of a less invasive approach. In the
second case, pretibial ganglion cyst developed one week after ACL reconstruction, and conservative treatment
proved effective, with no recurrence during follow-up.

We have not identified other published reports describing a similar management strategy for this condition,
which makes it difficult to determine with certainty the true recurrence rate associated with this approach. Cur-
rent evidence suggests that it may provide short-term symptom relief, although with a higher risk of recurrence.

However, we believe that, in selected cases, conservative management with image-guided percutaneous as-
piration may represent a valid alternative that does not require hospitalization and is less invasive, particularly
in patients without significant functional impairment and with localized symptoms or no clear indication for
surgery. Another advantage is that ultrasound is more cost-accessible, making it a particularly useful tool in the
outpatient setting.

CONCLUSIONS

There is currently stronger evidence supporting surgical intervention as the safest option for definitive treat-
ment of this complication and prevention of recurrence. However, we believe that in patients without concerning
symptoms, aspiration of the lesion may be a reasonable initial management option when combined with appropri-
ate follow-up, particularly given the advantages of avoiding hospitalization and being economically accessible.

The final decision should be based on an individualized assessment of each patient. Ongoing follow-up is es-
sential to ensure favorable long-term outcomes and to address any complications that may arise. Further research
is needed to establish best practices for management.

Conflicts of interest: The authors declare no conflicts of interest.

C. Renterfa Lascano ORCID ID: https://orcid.org/0000-0002-7233-7169 R. Vélez Alban ORCID ID: https://orcid.org/0000-0002-2401-7339
R. Luna Alvarado ORCID ID: https://orcid.org/0009-0006-3712-6258

REFERENCES

1. Figueroa D, Gonzalez W, Figueroa L, Figueroa F, Vaisman A. Complications in anterior cruciate ligament
reconstruction. J Clin Orthop Trauma 2025;61:102876. https://doi.org/10.1016/j.jcot.2024.102876

2. Eckenrode BJ, Carey JL, Sennett BJ, Zgonis MH. Prevention and management of post-operative complications
following ACL reconstruction. Curr Rev Musculoskelet Med 2017;10(3):315-21.
https://doi.org/10.1007/s12178-017-9427-2

3. Ochiai S, Hagino T, Senga S, Yamashita T, Oda K, Haro H. Injury to infrapatellar branch of saphenous nerve in
anterior cruciate ligament reconstruction using vertical skin incision for hamstring harvesting: Risk factors and the
influence of treatment outcome. J Orthop Surg Res 2017;12(1):1-7. https://doi.org/10.1186/s13018-017-0596-x

Rev Asoc Argent Ortop Traumatol 2026; 91 (2): 165-176 « ISSN 1852-7434 (online)



Pretibial Ganglion Cyst After ACL Reconstruction

15.

17.

18.

20.

21.

22.

Rev Asoc Argent Ortop Traumatol 2026; 91 (2): 165-176 * ISSN 1852-7434 (online)

. Egerci OF, Dogruoz F, Asoglu MM, Ertan MB, Yapar A, Kose O. The prognosis of iatrogenic saphenous nerve

injuries during hamstring tendon harvesting in anterior cruciate ligament reconstruction. J Orthop Surg Res
2024;19(1):4-11. https://doi.org/10.1186/s13018-024-04929-z

. Azar F, Robert Miller III. Knee injuries. In: Azar FM, Beaty JH (eds.). Campbell’s operative orthopaedics.

Philadelphia: Elsevier; 2020, vol. 4, p. 2308-9.

. Rajani R, Ogden L, Matthews CJ, Parker Gibbs C. Diffuse pigmented villonodular synovitis as a rare cause of graft

failure following anterior cruciate ligament reconstruction. Orthopedics 2018;41(1):e142-e144.
https://doi.org/10.3928/01477447-20170719-06

. Chen X, Li P, Zhang W, Yin X, Ma Q, Wang K. Higher incidence of diffuse pigmented villonodular synovitis in

patients with ruptured cruciate ligament: A case report. Int J Surg Case Rep 2022;100:107720.
https://doi.org/10.1016/j.ijscr.2022.107720

. Barbosa NC, Campos JP, Capeldo V, Kandhari V, Vieira TD, Sonnery-Cottet B. A comprehensive scoping review of

tibial cysts after anterior cruciate ligament reconstruction. J Exp Orthop 2021;8(1):40.
https://doi.org/10.1186/540634-021-00356-9

. Rossi W, Ranalletta M, Ranalletta A. Ganglién pretibial post reconstruccion de ligamento cruzado anterior.

Artroscopia 2013;20:95-7. Available at: http://www.revistaartroscopia.com/ediciones-anteriores/2013/volumen-20-
numero-3/91-volumen-05-numero-1/volumen-20-numero-3/635-ganglion-pretibial-post-reconstruccion-de-ligamento-
cruzado-anterior

. Borjali A, Mohseni M, Chizari M. Biomechanical modeling of a bone tunnel enlargement post ACL reconstruction.

bioRxiv 2020.09.03.281915. https://doi.org/10.1101/2020.09.03.281915

. Flury A, Wild L, Waltenspiil M, Zindel C, Vlachopoulos L, Imhoff FB, et al. Tibial tunnel enlargement is affected

by the tunnel diameter-screw ratio in tibial hybrid fixation for hamstring ACL reconstruction. Arch Orthop Trauma
Surg 2023;143(4):1923-30. https://doi.org/10.1007/s00402-022-04408-2

. Palazzolo A, Rosso F, Bonasia DE, Saccia F RRKCS. Uncommon complications after anterior cruciate ligament

reconstruction. Joints 2018;6(3):188-203. https://doi.org/10.1055/s-0038-1675799

. Andrés-Cano P, Godino M, Vides M, Guerado E. Postoperative complications of anterior cruciate ligament

reconstruction after ambulatory surgery. Rev Esp Cir Ortop Traumatol 2015;59(3):157-64.
https://doi.org/10.1016/j.recot.2014.09.001

. Yonga O, Giiven M, Akman B, Tasatan E. Unusual tibial ganglion cyst formation due to bioabsorbable screw 13

years after anterior cruciate ligament reconstruction: A case report. Ann Orthop Trauma Rehabil 2022;4(2):141.
Available at: https://scientificliterature.org/Orthopaedics/Orthopaedics-22-141.pdf

Yacuzzi CH, Zicaro JP, Ranalletta M, Costa Paz M. Quiste sinovial en la tibia luego de la reconstruccién del
ligamento cruzado anterior: evaluacién de 14 pacientes. Artroscopia 2018;25(1):14-20. Available at:
https://www.revistaartroscopia.com.at/index.php/revista

. Deie M, Sumen Y, Ochi M, Murakami Y, Fujimoto E, Ikuta Y. Pretibial cyst formation after anterior cruciate

ligament reconstruction using auto hamstring grafts: Two case reports in a prospective study of 89 cases. Magn
Reson Imaging 2000;18(8):973-7. https://doi.org/10.1016/s0730-725x(00)00207-1

Laupattarakasem P, Laopaiboon M, Kosuwon W, Laupattarakasem W. Meta-analysis comparing bioabsorbable
versus metal interference screw for adverse and clinical outcomes in anterior cruciate ligament reconstruction. Knee
Surg Sports Traumatol Arthrosc 2012;22(1):142-53. https://doi.org/10.1007/s00167-012-2340-8

Sprowson AP, Aldridge SE, Noakes J, Read JW, Wood DG. Bio-interference screw cyst formation in anterior
cruciate ligament reconstruction-10-year follow up. Knee 2012;19(5):644-7.
https://doi.org/10.1016/j.knee.2012.01.004

. Shen C, Jiang SD, Jiang LS, Dai LY. Bioabsorbable versus metallic interference screw fixation in anterior cruciate

ligament reconstruction: a meta-analysis of randomized controlled trials. Arthroscopy 2010;26(5):705-13.
https://doi.org/10.1016/j.arthro.2009.12.011

Chevallier R, Klouche S, Gerometta A, Bohu Y, Herman S, Lefevre N. Bioabsorbable screws, whatever the
composition, can result in symptomatic intra-osseous tibial tunnel cysts after ACL reconstruction. Knee Surg Sports
Traumatol Arthrosc 2017;27(1):76-85. https://doi.org/10.1007/s00167-018-5037-9

Alonso B, Sobrén F, Vidal C, Vaquero J. Seudoquiste pretibial tras la reconstruccién del ligamento cruzado anterior
con tornillo biocomposite. Acta Ortop Mex 2016;30(3):150- 3. Available at:
https://www.scielo.org.mx/scielo.php?script=sci_arttext&pid=S52306-41022016000300150

Thapa S, Lamichhane A, Mahara D. Pretibial cyst after anterior cruciate ligament reconstruction with non-
bioabsorbable interference screw. J Inst Med Nepal 2024;40(1):137-9. https://doi.org/10.59779/jiomnepal.892

175



T. Alvarado Chéavez et al.

23. Tsuda E, Ishibashi Y, Tazawa K, Sato H, Kusumi T, Toh S. Pretibial cyst formation after anterior cruciate ligament
reconstruction with a hamstring tendon autograft. Arthroscopy 2006;22(6):691.e1-691.e6.
https://doi.org/10.1016/j.arthro.2005.04.115

24. Sekiya JK, Elkousy HA, Fu FH. Recurrent pretibial ganglion cyst formation over 5 years after anterior cruciate
ligament reconstruction. Arthroscopy 2004;20(3):317-21. https://doi.org/10.1016/j.arthro.2003.11.041

25. Sedou MSL, Mbombo CT, Kiama YT, Ndangi K, Nkodia E, Mwangala D, et al. Treatment of synovial cysts
related to the tibial tunnel of anterior cruciate ligament grafts by filling the tunnel with acrylic cement. Surg Sci
2024;15:289-98. https://doi.org/10.4236/s5.2024.154027

26. Malhan K, Kumar A, Rees D. Tibial cyst formation after anterior cruciate ligament reconstruction using a new
bioabsorbable screw. Knee 2002;9(1):73-5. https://doi.org/10.1016/s0968-0160(01)00109-0

27. Ramsingh V, Prasad N, Lewis M. Pre-tibial reaction to biointerference screw in anterior cruciate ligament
reconstruction. Knee 2014;21(1):91-4. https://doi.org/10.1016/j.knee.2013.07.011

176 Rev Asoc Argent Ortop Traumatol 2026; 91 (2): 165-176 « ISSN 1852-7434 (online)



TECHNICAL NOTE

Retroperitoneal Incisional Hernia

Secondary to Lumbar Revision Surgery.
Description of the Surgical Repair Technique
with Mesh and Intertransverse Fixation:

A Case Report
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ABSTRACT

Introduction: Lumbar spine revision surgery is a procedure performed when mechanical or biological complications arise after
primary surgeries. The surgical approach can alter the anatomy of the posterior abdominal wall, weakening it and leading to herni-
as at this level. Objective: To describe the surgical technique for repairing an incisional hernia in the retroperitoneum after lumbar
revision surgery, using mesh and intertransverse fixation. Conclusions: Lumbar incisional hernias secondary to lumbar spine
revision surgery are rare. They can be repaired in the same surgical stage by placing a polypropylene mesh with intertransverse
transosseous fixation, yielding good and reproducible results.

Keywords: Retroperitoneal incisional hernia; retroperitoneal herniorrhaphy; failed lumbar spine surgery.

Level of Evidence: |V

Hernia incisional retroperitoneal secundaria a una cirugia de revisiéon lumbar. Descripcion de la técnica
quirdrgica de reparacion con malla y fijacion intertransversa: a propdsito de un caso

RESUMEN

Introduccion: La cirugia de revision de la columna lumbar es un procedimiento que se realiza cuando surgen complicaciones
mecanicas o bioldgicas tras las cirugias primarias. El abordaje quirtrgico puede alterar la anatomia de la pared abdominal poste-
rior, debilitandola, y generar hernias a este nivel. Objetivo: Describir la técnica quirdrgica de reparaciéon con una malla y fijacion
intertransversa de una hernia incisional retroperitoneal secundaria a una cirugia de revision lumbar,. Conclusiones: Las hernias
incisionales lumbares secundarias a una cirugia de revision de la columna vertebral lumbar son raras. Se las puede reparar en el
mismo tiempo quirdrgico colocando una malla de polipropileno con fijacion transésea intertransversa. Los resultados son buenos
y reproducibles.

Palabras clave: Hernia incisional retroperitoneal; herniorrafia retroperitoneal; cirugia fallida de columna lumbar.

Nivel de Evidencia: IV

INTRODUCTION

Lumbar revision surgery is performed in patients with recurrent symptoms due to structural surgical failure or
biological complications. This type of surgery is challenging because of preexisting anatomical alterations, the
presence of scar tissue, and the increased risk of complications such as infection and dural injury.!
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A lumbar incisional hernia is an anatomical defect of the posterior abdominal wall through which abdominal
contents protrude, most commonly from the retroperitoneum.® The defect is bounded superiorly by the twelfth rib,
inferiorly by the iliac crest, laterally by the external oblique muscle, and medially by the erector spinae muscle.’
These hernias are rare, accounting for 1.5% of abdominal wall hernias; they may present as a well-defined reduc-
ible mass or as a large, poorly defined fascial defect.®

The aim of this report is to describe a surgical technique for the repair of a retroperitoneal incisional hernia using
mesh and intertransverse fixation, secondary to lumbar revision surgery.

CLINICAL CASE

A 60-year-old woman with no relevant medical history was diagnosed with degenerative spondylolisthesis at
L4-L5 and lumbar stenosis at L.3-L5. She had undergone decompression, instrumentation, and posterior lumbar
interbody fusion in 2017. Following the procedure, she developed an acute complication consisting of a cerebro-
spinal fluid fistula and multilevel vertebral osteomyelitis. She underwent multiple surgical debridements, hardware
removal, fistula repair, and antibiotic therapy.

After resolution of the infection, the patient continued to experience severe mechanical low back pain that wors-
ened with exertion. She was unable to tolerate prolonged standing or sitting, and her symptoms did not improve
with analgesics or physical therapy. She reported no abdominal symptoms.

On physical examination, there was lumbar facet pain predominantly on the right side, as well as pain with active
lumbar flexion and extension. She had residual right L4 paresis (Medical Research Council grade 4/5).

Lumbar MRI showed resolution of the infection and instability due to grade II L4-L5 spondylolisthesis second-
ary to pseudoarthrosis. At L3-L4, in the right posterolateral region, a retroperitoneal incisional hernia was identi-
fied, with a 1-cm hernial defect and a hernia sac measuring 10 x 5 x 5 cm, at risk of strangulation, classified as L4,
W1, R1 according to the European Hernia Society (Figure 1).8

Figure 1. Magnetic resonance imaging of the lumbosacral region, axial and sagittal views. A hyperintense lesion
measuring 10 x 5 x 5 cm is observed in the right posterolateral region, with a 1-cm hernial defect communicating with the
retroperitoneal cavity.

Surgery was planned jointly by a spine surgeon and a general surgeon. A lumbar revision procedure was indicat-
ed to address pseudoarthrosis, along with repair of the retroperitoneal incisional hernia, given its interposition at
the surgical approach site and the associated risk of iatrogenic bowel injury.
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Layer-by-layer dissection was performed. The hernia sac (Figure 2A), its contents (omentum), and the hernial
defect were identified, and a partial omentectomy was performed (Figure 2B).

Figure 2. A. Right retroperitoneal incisional hernia. B. Partial omentectomy.

The hernia was reduced, and the fascial defect was repaired using a polypropylene mesh. Medially, the mesh
was secured using a transosseous technique with Prolene™ 1 sutures to the right transverse processes of L3 and
L4, which were drilled using a 1.5-mm drill bit; an additional suture was placed between the transverse processes
(Figure 3).

Figure 3. A. Hernia reduction and fixation of the polypropylene mesh. B. Lumbar instrumentation.
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Laterally, the mesh was secured with three sutures to the remaining fascia and surrounding soft tissues (Figure
4). Subsequently, L2-S1 instrumentation was performed with intraoperative neuromonitoring, followed by pos-
terolateral fusion using allograft. Postoperative radiographs confirmed appropriate lumbar instrumentation (Figure
5). The patient had a favorable outcome, with improved lumbar function and no pain or complications.

et B 3
Figure 4. Representative image of the polypropylene mesh fixed to the fascia and
surrounding soft tissues, as well as to the transverse processes of L3 and L4.

Figure 5. Anteroposterior and lateral radiographs of the lumbosacral region, postoperative follow-up.
L2-S1 instrumentation.
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At the 6-month postoperative follow-up, lumbar MRI demonstrated successful lumbar fusion and complete res-
olution of the retroperitoneal incisional hernia, with no evidence of recurrence (Figure 6).

Figure 6. Magnetic resonance imaging of the lumbosacral region, sagittal and axial views, showing resolution of the
retroperitoneal incisional hernia.

DISCUSSION

Retroperitoneal hernias secondary to lumbar revision surgery are rare and occur following loss of integrity of
the posterior abdominal fascia. They may result from resection of postoperative fibrotic tissue or from muscle
atrophy.’ The patient underwent multiple lumbar procedures, which weakened the posterior abdominal fascia and
led to the development of a retroperitoneal incisional hernia.

The natural history of hernias involves a gradual increase in size.'” Luu et al."' conducted a retrospective study
of 735 patients who underwent lumbar spine surgery via a paramedian approach; 20 developed a lumbar incision-
al hernia, and 14 required surgical repair.

There is no consensus regarding optimal treatment. However, the primary objective is to restore the functional
and mechanical integrity of the abdominal wall.'” Predisposing factors include short stature, pregnancy, ascites,
obesity, and muscle atrophy. The typical clinical presentation consists of a slowly enlarging lumbar mass, poste-
rior abdominal pain or low back pain, and a positive Valsalva maneuver."

Flank incisions may lead to retroperitoneal hernia due to disruption of the posterior abdominal wall fascia, or
to pseudohernia secondary to nerve injury, resulting in decreased muscle tone and atrophy. Diagnosis is estab-
lished by computed tomography (CT) or magnetic resonance imaging (MRI), which can demonstrate the hernial
defect, size, location, and contents, or isolated atrophic changes of the abdominal wall.'” In the present case, the
diagnosis was confirmed by MRI.

Approximately 70% of these hernias require surgical treatment. Repair is technically challenging due to the
proximity of bony structures, which limits adequate dissection and mesh overlap.'* Surgical management may
be open or laparoscopic, depending on defect size.'? Current evidence favors laparoscopic repair over open tech-
niques, as it is associated with reduced analgesic requirements, less postoperative pain, faster recovery, and im-
proved visualization of visceral contents, thereby decreasing the risk of intra-abdominal injury.'?

Du et al.'” evaluated 11 patients with lumbar retroperitoneal hernias (not secondary to lumbar spine surgery)
treated using a laparoscopic technique with self-adhering mesh and reported favorable outcomes.
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This case illustrates an innovative technique for the repair of lumbar retroperitoneal hernias, involving transos-
seous intertransverse fixation of a mesh to both the transverse processes and the residual fascia. This approach may
provide greater stability and reduce the risk of mechanical failure, with favorable outcomes. Further studies are
required to validate this surgical technique.

CONCLUSIONS

Retroperitoneal incisional hernias secondary to lumbar spine revision surgery are rare. They can be repaired
during the same surgical procedure using a polypropylene mesh with transosseous intertransverse fixation, with
favorable outcomes.

This intertransverse mesh fixation technique provides enhanced stability and has not yet been described in the
literature. Therefore, we recommend further evaluation through case series to validate its efficacy and safety. It
may represent a useful option in complex cases requiring multiple prior surgical procedures.
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POSTGRADUATE ORTHOPEDIC INSTRUCTION - IMAGING

Case Resolution
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Case Presentation on page 79.

Hydroxyapatite Crystal Deposition Disease

ABSTRACT

The disease is described, along with its imaging findings as observed with each diagnostic modality.
Keywords: Knee; calcifications; pain.

Level of Evidence: IV

Enfermedad por depdsito de cristales de hidroxiapatita

RESUMEN

Se desarrolla la enfermedad y cémo se visualiza las imagenes, en cada caso, segun el estudio.
Palabras clave: Rodilla; calcificaciones; dolor.

Nivel de Evidencia: IV

DIAGNOSIS

Hydroxyapatite crystal deposition disease.

DISCUSSION

Crystal deposition diseases comprise a group of conditions in which the accumulation of crystals within the joint
space or periarticular tissues leads to acute or chronic inflammatory manifestations. From a practical standpoint,
they can be classified into three main categories: those due to monosodium urate deposition (gout), those related to
calcium pyrophosphate deposition, and those secondary to basic calcium phosphate deposition.'~

Hydroxyapatite deposition disease belongs to the latter group. In the literature, it is referred to by various terms
that partly reflect the anatomical structure involved and partly the clinical presentation: hydroxyapatite deposition
disease, hydroxyapatite crystal deposition disease, basic calcium phosphate deposition, calcific tendinitis, calcific
periarthritis, calcific bursitis, and, in intra-articular locations or more destructive forms, hydroxyapatite arthropa-
thy. Within this spectrum, the so-called Milwaukee syndrome represents an advanced form of arthropathy associ-
ated with basic calcium phosphate crystals, most commonly described in the shoulder, although knee involvement
has been reported in some series.!”

Unlike calcium pyrophosphate deposition disease, which typically presents as chondrocalcinosis with linear
or lamellar calcifications in cartilage and fibrocartilage, and urate deposition, which tends to produce bone ero-
sions and tophi, hydroxyapatite deposition disease is characterized by amorphous, periarticular calcifications most
commonly located in tendons, bursae, and the joint capsule, and less frequently in ligamentous structures. This
distinction is important in imaging assessment, as it helps guide the differential diagnosis based on the pattern of
distribution and the morphology of the calcifications.!*¢
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From a pathophysiological perspective, three phases are described: precalcific, calcific, and postcalcific, a
classification originally established for calcific tendinitis of the shoulder and applicable, by extension, to other
periarticular locations. The calcific phase, in turn, includes formative, resting, and resorptive stages. The resorp-
tive stage usually corresponds to the period of greatest clinical expression, as the deposit may fragment or liquefy
and trigger a marked inflammatory response in the surrounding tissues. This evolutionary behavior explains the
variability of imaging findings and the fact that the same lesion may appear as a well-defined calcification at one
time and as a poorly defined lesion with perilesional edema at another.'3

Although the shoulder is the most common site of involvement, the knee is also a recognized location. In this
joint, the quadriceps tendon, patellar tendon, periarticular bursae, capsule, and ligamentous structures may be
affected. Involvement of the medial collateral ligament is uncommon but of particular interest, as it may mimic
enthesopathy, post-traumatic sequelae, or avulsion injuries.'**¢

On radiographs, the condition typically appears as an amorphous, rounded, or oval calcification with variable
density. During resting phases, it tends to be more homogeneous and well defined, whereas in symptomatic or
resorptive phases, it may appear faint, cloud-like, or poorly defined. Radiography therefore remains the most
useful initial modality for detecting calcifications and guiding diagnostic suspicion.'3+

Computed tomography allows more precise confirmation of the calcific nature of the deposit, accurate assess-
ment of its size and location, and evaluation of possible cortical erosions or extension into adjacent tissues. It is
also particularly useful in the differential diagnosis with mature ossification processes, such as Pellegrini-Stieda
lesion, in which imaging typically shows trabecular or cortical organization, unlike the amorphous appearance
characteristic of hydroxyapatite deposits.'*¢

Ultrasound demonstrates the deposits as hyperechoic foci, with or without posterior acoustic shadowing, and
allows real-time assessment of the inflammatory changes in adjacent soft tissues. In more active phases, Doppler
imaging may show associated hyperemia. In addition, ultrasound has therapeutic value, as it enables image-guid-
ed procedures such as aspiration or lavage in selected cases.'*¢

Magnetic resonance imaging is not the most sensitive modality for detecting calcifications but is highly useful
for assessing the inflammatory context. Deposits typically appear as foci of signal void or hypointensity on all
sequences, associated with perilesional edema, bursitis, or reactive synovitis. MRI may pose diagnostic challeng-
es when interpreted in isolation, as the inflammatory changes may predominate over visualization of the deposit
and mimic traumatic, infectious, or even neoplastic conditions. For this reason, correlation with radiography, CT,
or ultrasound is essential.'®

In the cases presented, the findings were located along the medial aspect of the knee, anterior to the femoral
insertion of the medial collateral ligament, with calcific morphology and associated perilesional inflammatory
changes. The anatomical distribution, the appearance of the deposits, and the adjacent soft-tissue reaction con-
stitute a pattern consistent with hydroxyapatite deposition in the medial capsuloligamentous region. In one case,
ultrasound confirmed the calcific nature of the finding, whereas in the other, radiography demonstrated faint
calcifications in the same location, supporting this interpretation.®

In the differential diagnosis of medial knee calcifications around the insertion area, the following entities
should be considered: enthesopathy, remote avulsion injury, post-traumatic ossification (Pellegrini-Stieda lesion),
medial bursitis, and other crystal-induced arthropathies, particularly calcium pyrophosphate deposition disease.
Recognition of the morphological pattern of the deposits and their multimodality correlation helps avoid misin-
terpretation and guides appropriate diagnostic and therapeutic management.'*¢

From a therapeutic standpoint, this is generally a self-limiting condition initially managed conservatively with
relative rest, physical therapy, and nonsteroidal anti-inflammatory drugs. In cases of persistent symptoms, inter-
ventional options may be considered, such as extracorporeal shock wave therapy and image-guided percutaneous
aspiration or lavage. Arthroscopic or open surgery is reserved for severe or refractory cases. In this context, imag-
ing plays a role not only in diagnosis but also in the planning and guidance of therapeutic procedures.'
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CONCLUSIONS

These two cases illustrate a rare and likely underdiagnosed cause of medial knee pain: perinsertional calcific
deposits of the medial capsuloligamentous complex, which, in their symptomatic phase, may be associated with
marked inflammatory changes and mimic trauma, infection, or other arthropathies.

The diagnostic approach should be based on multimodality imaging correlation. Radiography is essential for
identifying calcifications, even when subtle. Computed tomography confirms the deposit, precisely defines its
location and extent, and helps differentiate calcification from ossification. Ultrasound confirms its calcific nature,
may provide information about the stage of the process, and enables image-guided therapy. Finally, magnetic
resonance imaging delineates the extent of edema and reactive changes, although it requires correlation with cal-
cium-sensitive modalities to avoid misinterpretation.

In the medial knee, including this entity in the differential diagnosis when evaluating enthesopathy or Pellegri-
ni-Stieda lesion helps prevent overdiagnosis of chronic ligament injury or post-traumatic sequelae and reduces
unnecessary additional studies or interventions.

J. Escotorin ORCID ID: https://orcid.org/0009-0006-4115-1034
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Letter to the Editor

D ear Editor,

After reading the article “Neonatal Vertebral Osteomyelitis: Case Report and Literature Review” by Manzone P.
and Ovejero MP, recently published in the AAOT Journal, which highlights the challenges in managing this severe
condition based on the authors’ experience,' I would like to comment on the relevance of the predominant patho-
gens in this entity and the empirical antibiotic approach, critical aspects for optimizing outcomes in these patients.

Neonatal vertebral osteomyelitis (NVO) is most associated with Staphylococcus aureus, including methicil-
lin-resistant strains (MRSA), as in the case described in the original article, followed by Streptococcus agalactiae.
Among Gram-negative organisms, Klebsiella pneumoniae and Escherichia coli are frequently identified, partic-
ularly in nosocomial sepsis or in preterm neonates. Early identification of the causative pathogen is essential, as
antimicrobial resistance significantly impacts prognosis.>

Considering the most frequent pathogens, initial antibiotic therapy should provide coverage for both Gram-pos-
itive and Gram-negative organisms, prioritizing agents with adequate bone penetration and guided by local anti-
microbial resistance patterns, which were not specified for the Centro Nicolds Andry, where the reported case was
managed. In neonates without risk factors for multidrug-resistant organisms, the regimen used appears appropriate
to cover the relevant pathogens. In nosocomial settings or in cases of severe sepsis, the use of carbapenems should
be considered. Transition to oral therapy should be guided by culture results and clinical response, with a total
treatment duration of 4-6 weeks.’?
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