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ABSTRACT

Objective: This study aimed to evaluate the use of ultrasonography
(USG) compared to radiography in identifying callus formation
and fracture healing in hand bones (metacarpals and phalanges).
Methods: A prospective observational study was conducted with
patients who sustained metacarpal and phalangeal fractures and
were followed in the hand and microsurgery clinic of a philan-
thropic hospital in Sao Paulo between July 2023 and April 2024.
Fractures were treated either conservatively or surgically with
Kirschner wire fixation. Callus formation was monitored using serial
weekly USG and radiographic examinations. Follow-up ended
when bone healing was confirmed by both methods. Results:
There was a difference in the mean time of callus appearance
between ultrasonographic and radiographic evaluations for all
analyzed variables. Conclusion: Ultrasonographic callus formation
preceded radiographic callus appearance by approximately
18.2 days across all variables studied, suggesting that USG is a
useful and alternative tool for the early diagnosis of bone healing
in phalangeal and metacarpal fractures. Level of Evidence II;
Prospective Observational Study.

Keywords: Ultrasonography; Fracture Healing; Fracture; Metacar-
pals; Finger Phalanges.

RESUMO

Objetivo: Esse trabalho teve como objetivo avaliar o uso da ulfrassono-
grafia (USG), comparativamente a radiografia, na identificagéo do calo
0sseo e consolidacdo de fraturas da mao (0ssos metacarpais e falanges).
Método: Estudo observacional prospectivo dos pacientes com fratura
dos metacarpais e falanges que foram acompanhados no ambulatério de
cirurgia da méo e microcirurgia de um hospital filantrépico de S&o Paulo,
no periodo entre julho de 2023 e abril de 2024, que foram tratados de
forma clinica ou cirdrgica com fixagdo com fios de Kirschner. Aformagéo
do calo 6sseo foi analisada através de exames de USG e radiografias
seriadas semanalmente. O término do acompanhamento foi definido a
partir da evidéncia de consolidagao da fratura por ambos 0s exames.
Resultados: Houve diferenca entre o tempo médio do surgimento do
calo ultrassonografico em relagéo ao tempo médio de surgimento do
calo radiografico em todas as variaveis analisadas. Concluséo: O calo
ultrassonografico precedeu o calo radiografico em aproximadamente
18,2 dias em todas as variaveis estudadas, elencando, dessa forma, a
USG como uma ferramenta alternativa e Util para o diagndstico precoce
da consolidacéo dssea das fraturas das falanges e metacarpais. Nivel
de evidéncia Il; Estudo Prospectivo Observacional.

Descritores: Ultrassonografia;, Consolidagéo da Fratura; Fratura;
Metacarpais; Falanges dos Dedos da Méo.

Citation: Costa AC, Pinheiro TB, Saad Neto AS, Eto FHN, Abdouni YA, Falcochio DF. Ultrasonographic evaluation of bone healing in metacarpal and
phalangeal fractures. Acta Ortop Bras. [online]. 2025;33(6) Esp.: Page 1 of 4. Available from URL: http://www.scielo.br/aob.

INTRODUCTION

Hand fractures are among the most frequent in the human skeleton,
with metacarpal and phalangeal fractures accounting for approxi-
mately 35% and 45% of all such injuries, respectively, predominantly
affecting young adults.! Early bone healing and functional recovery
are the main objectives of treatment for these fractures.?

It is known that healing of these fractures occurs within three to four
weeks,®4 while clinical stability of the fracture occurs well before
radiographic evidence of consolidation.® Uncertainty and exces-
sive reliance on an objective parameter, such as callus formation
detected by radiography, for authorizing mobilization may lead to
permanent stiffness of the joints around the fracture. This is because
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fractures with more than eight weeks of evolution, even without
pain or mobility at the fracture site, may still not show unequivocal
signs of consolidation on plain radiographs.®

Ultrasonography (USG) is capable of detecting callus formation and
its progression earlier than radiography. Over the past decades, some
studies have highlighted the importance of USG in the diagnosis of
bone healing.2”® This method is based on its ability to distinguish
tissues with different densities. During the healing process, the
periosteal soft callus grows, increases in density, and fills the fracture
gap. This callus appears in various shades of gray depending on
its density and can be distinguished from adjacent soft tissues.®
Despite this, we did not find studies in the literature that employed
this method in the treatment of phalangeal and metacarpal fractures.
Therefore, given the importance of early hand rehabilitation, the aim
of this study was to evaluate the presence of bone callus by USG
compared with radiography and to assess differences between
phalangeal and metacarpal fractures, between closed and open
fractures, and between conservative and surgical treatment.

PATIENTS AND METHODS

We conducted a prospective observational study of patients
with metacarpal and phalangeal fractures who were followed at
our outpatient clinic between July 2023 and April 2024. Patients
were treated either conservatively or surgically with Kirschner wire
fixation. The study was approved by the Institutional Research
Ethics Committee, in accordance with Resolution 196/96 (CAAE:
47826721.6.0000.5479).

Atotal of 32 patients were evaluated weekly until bone healing was
confirmed by both methods.

The selected sample (Table 1) included patients over 18 years of
age, of any sex, with acute fractures, open or closed, of any of the
metacarpal or phalangeal bones of the hands. All patients were
assessed by a single orthopedic surgeon experienced in USG,
always using the same device.

Callus formation was analyzed through weekly USG and radiograph-
ic examinations, starting seven days after trauma in conservatively
treated cases and, for those who underwent surgery, starting seven
days after the surgical procedure. Follow-up ended when fracture
consolidation was confirmed by both imaging methods.

The cutoff point for defining consolidation by USG was determined
at the moment of identifying callus formation bridging at least
two cortices of the studied bone. From the evidence of fracture
consolidation on USG, patients were released from immobilization
and, in operated cases, Kirschner wires were removed and reha-
bilitation was initiated. However, weekly follow-up was maintained
until radiographic consolidation was identified.

Table 1. Description of all parameters evaluated in the patients.

Variable Description
Age (years), mean SD 446 = 14.6
Sex, n (%)
Female 5 (26.3)
Male 14(73.7)
Fracture location, n (%)
Metacarpal (MC) 14 (73.7)
Phalanx 5(26.3)
Type of fracture, n (%)
Closed 15(78.9)
Open 4(21.1)
Treatment, n (%)
Conservative 9(47.4)
Surgical 10 (52.6)

Acta Ortop Bras.2025;33(6):€285764

For statistical analysis, qualitative characteristics of all patients were
described using absolute and relative frequencies, and quantitative
characteristics were described using summary measures (mean
and standard deviation). Normality of distribution of callus formation
times and the interval between methods was assessed using the
Kolmogorov-Smirnov test, which did not indicate lack of normality
in the data distribution.'

Times to callus formation with each assessment method were de-
scribed and compared using the paired Student’s t-test, with the
interval between methods also presented.® Both the times assessed
with each method and the interval between methods were described
according to the qualitative characteristics evaluated and compared
across methods and categories of each characteristic using two-factor
analysis of variance (ANOVA), with repeated measures between
methods, followed by Bonferroni multiple comparisons to assess
differences. Pearson correlations between age and times/interval were
calculated to verify possible associations between callus formation
times and patient age. Changes in correlations between methods
and age were assessed using two-factor ANOVA."

All analyses were performed using IBM SPSS for Windows, version
22.0, and data tabulation was performed using Microsoft Excel
2013. Tests were conducted with a significance level of 5%.

RESULTS

Evaluation of the 32 patients demonstrated that bone callus forma-
tion on USG appeared earlier than on radiography.

Table 2 shows that the mean time to callus formation assessed by
USG was 18.2 days shorter than the time assessed by radiography
(b < 0.001).

There was a difference between the mean time of ultrasonographic
callus appearance compared with the mean time of radiographic
callus appearance across all analyzed variables. No statistical
influence was observed for characteristics such as sex, type of
fracture, and treatment on the times or on the interval between
times (p > 0.05). (Table 3)

Table 2. Description of bone callus formation times with each assessment
method, comparison between methods, and the time interval between
methods.

Variable Mean = SD p
Callus USG 316 =95
Callus X-ray 497 =112 <0.001
At 18.1 = 6.2

Paired Student’s t-test.

Table 3. Description of bone callus formation times and the interval
between methods according to the evaluated characteristics and the
results of comparisons between categories.

Variable Callus USG Callus RX At
Fracture location
Metacarpal 348 =86 52.1 =109 17.3 £ 6.3
Phalange 228 +58 43 =104 20.2 = 6.2
p 0.011 0.124 0.385
Type of fracture
Closed 31.7 =105 485 + 12.2 16.8 £ 5.7
Open 313=x5 54 =56 228 +6.7
p 0.931 0.403 0.090
Treatment
Conservative 326 =123 51.3 = 13.8 18.8 + 6.1
Surgical 30.8 £ 6.7 482 + 8.9 174 + 6.6
p 0.699 0.559 0.644

Data expressed as mean =+ SD; r: Pearson correlation; unpaired Student’s t-test.
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Figures 1 and 2 illustrate a patient included in this study, with an
open fracture of the third metacarpal that was surgically treated.
After five postoperative weeks, when ultrasonographic callus was
visualized, the Kirschner wires were removed. However, radiographic
callus appeared only at the ninth postoperative week.

3rd postoperative week 5th postoperative week

9th postoperative week
]

Source: Authors.
Figure 1. Postoperative follow-up radiographs of a metacarpal fracture.
Kirschner wires were removed at the 5th postoperative week after evidence
of ultrasonographic consolidation. Radiographic callus formation was
observed only starting at the 9th postoperative week.

2nd postoperative week 3rd postoperative week

o

5th postoperative week

Source: Authors.

Figure 2. Serial postoperative ultrasonographic images demonstrating
bone callus formation. At the 5th postoperative week, Kirschner wires
were removed after visualization of the bone bridge at the fracture site.

DISCUSSION

Over the past three decades, several studies have attempted
to demonstrate the importance of USG as a more accurate tool
than conventional radiography for the early diagnosis of bone
healing.681218 This study was based on this prior knowledge, with
the consideration that most of those series focused on long bones
of the lower limbs, and no studies were found in the literature
specifically addressing bone healing of hand fractures.

With the increasing use of USG by orthopedic surgeons and the
advent of portable devices, examinations can be performed on an
outpatient basis, providing more parameters for the management
of hand fractures. USG has the advantages of being radiation-free,
having lower operational costs, and enabling a more objective
assessment of bone healing. This, in turn, helps to determine
the ideal and safe time to begin patient rehabilitation,'® thereby
reducing the uncertainties generated by radiographs as well as the
risk of unfavorable outcomes secondary to imprudent treatment.
Furthermore, the importance of early hand rehabilitation must be
emphasized, since its joints are highly predisposed to stiffness
following trauma and/or prolonged immobilization.'®

Considering the results obtained in our case series, the time to
callus formation detected by USG was on average 18.2 days earlier
than that detected by radiography (p < 0.001), regardless of the
variable analyzed, supporting the concept that ultrasonographic
visualization of bone callus precedes radiographic detection.
The standard deviation (SD) for both USG and radiographic cal-
lus diagnosis was relatively high because both phalanges and
metacarpals were included in each group. As shown in Table 3,
bone healing time for phalanges tends to be relatively shorter
than for metacarpals.

Although factors such as fracture location (metacarpal or phalanx),
fracture type (open or closed), and treatment method (conser-
vative or surgical) did not demonstrate statistically significant
differences due to an insufficient sample size, the differences
observed in this study are consistent with those described in
the literature when considering fracture location. However, when
evaluating fracture type (open or closed), a discrepancy was
noted.2® The mean healing time observed was approximately
4 weeks for metacarpals and 3 weeks for phalanges, which is
consistent with expectations in the literature. In contrast, closed
fractures in our series showed a longer mean healing time com-
pared with open fractures, which likely reflects the still limited
number of cases analyzed.

In our series, USG proved to be an alternative and useful tool
for the early diagnosis of bone healing in phalangeal and
metacarpal fractures.

CONCLUSION

We conclude that ultrasonographic callus preceded radiographic
callus by approximately 18 days across all studied variables, and
that no differences were observed regarding fracture location,
fracture type, or treatment modality.
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ABSTRACT

Objective: To identify and analyze the geographical distribution,
surgical volume, and population adequacy of Orthopedic Oncol-
ogy Centers (OOCs) within the Brazilian Unified Health System
(SUS). Methods: We evaluated 11,139 procedures recorded in
Hospitalization Authorizations (AIHs) between 2008 and 2019,
including “hemipelvectomy in oncology” and “resection of bone
tumors with replacement or reconstruction.” Hospitals performing
both procedures and at least three hemipelvectomies during this
period were classified as OOCs. Results: A total of 58 OOCs were
identified in 18 states, accounting for 79.5% of all procedures. Most
patients (93.7%) were treated in their home state. High-Volume
Centers (HVCs) performed 95% of the surgeries, while Low-Volume
Centers (LVCs) were responsible for only 5%. The Northeast
region concentrated 39.1% of procedures, while the South had
the highest number of OOCs per population. Conclusion: The
geographical distribution of OOCs in Brazil is relatively adequate;
however, procedures are highly concentrated in a few high-vol-
ume centers. This centralization may be associated with better
clinical outcomes, reinforcing the need for policies that encourage
specialized treatment in reference units. Level of Evidence Ili;
Cross-Sectional Observational Study.

Keywords: Health Services Accessibility; Cancer Care Facilities;
Bone Neoplasms; Orthopedics.

RESUMO

Objetivo: Identificar e analisar a distribuigdo geografica, o volume
cirdrgico e a adequagdo populacional dos Centros de Oncologia
Ortopédica (COOs) no Sistema Unico de Satde (SUS). Métodos:
Foram avaliados 11.139 procedimentos registrados em Autorizagdes
de Internagéo Hospitalar (AIHs) entre 2008 e 2019, correspondentes
a "hemipelvectomia em oncologia” e ‘ressecgdo de tumor 6sseo
com substituicdo ou reconstrucao’. Consideraram-se COOs 0s
hospitais que realizaram ambos os procedimentos e pelo menos trés
hemipelvectomias no periodo. Resultados: Foram identificados 58
COOs em 18 estados, responsaveis por 79,5% dos procedimentos.
Amaioria dos pacientes (93,7%) foi tratada em seu estado de origem.
Centros de Alto Volume (CAV) realizaram 95% das cirurgias, enquan-
to Centros de Baixo Volume (CBV) responderam por apenas 5%.
O Nordeste concentrou 39,1% dos procedimentos, e 0 Sul apresentou
o maior numero de COOs por habitante. Conclus&o: Existe distribuicdo
geografica relativamente adequada dos COQOs no Brasil, mas com
grande concentragcdo de procedimentos em poucos centros de
alto volume. Essa centralizagéo pode estar associada a melhores
desfechos clinicos, reforgando a necessidade de politicas que in-
centiven a consolidag&o do tratamento em unidades especializadas.
Nivel de Evidéncia llI; Estudo Observacional Transversal.

Descritores: Acesso aos Servigos de Salde, Institutos de Céncer;
Neoplasias Osseas; Ortopedia.
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INTRODUCTION

In Brazil's Unified Health System (SUS), the healthcare network
is stratified and divided into Health Regions, whose purpose is
to ensure medical care at all levels of complexity for the entire
population.! The rarer the disease, the fewer the number of referral
centers available within the network, and the greater the distance
patients must travel to receive specialized care.

Musculoskeletal malignancies are rare, accounting for less than 1%
of neoplasms in adults and 15% in children.? Delays in diagnosis
profoundly impact patient prognosis, often resulting in mutilating
surgeries or low survival rates. In developed countries, the average
time between the first symptom and diagnosis is six weeks; for
pelvic bone tumors, this interval increases to 16 weeks. In Brazil, it
is estimated that the time is twice as long.® In a study conducted in
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India, difficulty accessing orthopedic oncology centers—defined as
delayed diagnosis or treatment—was observed in 72.2% of cases.*
The literature does not provide a clear definition of an Orthopedic
Oncology Center (OOC), but it is well established that such centers
should have a multidisciplinary team with specialized physicians,
infrastructure with advanced diagnostic and treatment resources,
and preferably a high patient flow that ensures extensive experience
in the field.5®

In Brazil, both physicians and patients face significant challenges
in identifying such centers. The National Cancer Institute (INCA)
lists 317 hospital units accredited for cancer treatment, in which
the participation of an orthopedic specialist on the medical team is
required."”® However, there is no requirement that this orthopedic
surgeon have specific training in orthopedic oncology.

These institutions are divided into two main models: UNACON
(High-Complexity Oncology Units), which must provide care for the
most prevalent cancers, and CACON (High-Complexity Oncology
Centers), which must treat all cancer types and provide in-house
radiotherapy services."® According to recent studies, the number
of such hospitals is insufficient, and their geographic distribution
is inadequate.®

Therefore, the aim of this study was to identify Orthopedic Oncology
Centers within the Brazilian Unified Health System and to assess their
geographic distribution, surgical volume, and population adequacy.

METHODOLOGY

This study was approved by the local ethics and research committee
under certificate number 125276/2023. Data from Hospital Admis-
sion Authorizations (AlHs), contained in the Hospital Information
System of the Unified Health System (SIHSUS), were analyzed
between January 2008 and December 2019. These data originate
from the files of the Brazilian Ministry of Health, managed by the
Department of Informatics of the Unified Health System (DATASUS),
and are used for accountability between hospitals and the Ministry
of Health.

The tools Dbsalde® (Numb3rs Analytics®, 2017, Barueri, Brazil)
and Tableau Software® (Salesforce Brasil®, 2019, Sao Paulo,
Brazil) were used to process the data by the Executive Agreement
Group of the Hospital das Clinicas, Ribeirdo Preto Medical School,
University of Sao Paulo (HC FMRP-USP). From the AlHSs, the fol-
lowing data were extracted: (1) CNES - National Registry of Health
Establishments, corresponding to the hospital name recorded
in the DATASUS database; (2) municipality and (3) state of the
establishments that issued the AlH; (4) municipality and (5) state of
residence of the patient who underwent the procedure; (6) the date,
including month and year, of the procedure; and (7) the AIH number.
The only procedures available in the AlHs that are exclusively
related to the orthopedic oncology specialist and performed in
high-complexity hospitals are “hemipelvectomy in oncology” and
“resection of bone tumor with substitution (endoprosthesis) or
with reconstruction and fixation in oncology,” coded in the Sigtap
(Management System of the Table of Procedures, Medications,
and OPM of the SUS)."® This field was used as a filter to identify
Orthopedic Oncology Centers (OOCs) in Brazil.

The 11,139 procedures identified (745 hemipelvectomies and 10,394
oncologic resections) were carried out in 205 facilities across 27
states in 121 municipalities. These procedures were performed
on patients from 2,446 municipalities across the 27 states. Since
many of these facilities performed the procedures randomly or
sporadically, a subjective eligibility criterion was created to define
OOQOCs. Hospitals that, between 2008 and 2019, performed at least
three hemipelvectomies and one bone resection with substitution
or reconstruction in oncology were selected.

Acta Ortop Bras.2025;33(6):€293805

After applying this selection criterion, a total of 8,861 procedures
performed in 58 hospitals were obtained, corresponding to 79.5%
and 28.2% of the initial dataset, respectively. These hospitals,
classified as OOCs, were cross-referenced with their respective
SUS accreditations,” regarding certification as CACON (High-
Complexity Oncology Centers) or UNACON (High-Complexity
Oncology Units, with or without pediatric oncology care), and with
national, macroregional, and state population estimates from the
Brazilian Institute of Geography and Statistics (IBGE) for 2019."

RESULTS

Identification of Orthopedic Oncology Centers

The survey enabled the development of a catalog containing the
names of the establishments according to CNES, their accredita-
tion for oncology care within the SUS,” location, and provision of
pediatric oncology and radiotherapy services. These parameters
allowed for both qualitative and quantitative assessments of the
centers, analyzed collectively and individually. Of the 58 identified
0OO0Cs, 26 were CACONSs, 18 of which provided pediatric care.
The remaining 32 corresponded to UNACONSs, of which 15 of-
fered pediatric care, including two centers dedicated exclusively to
pediatric care: Boldrini Campinas and Hospital GRAACC Instituto
de Oncologia Pediétrica (IOP).

Geographic Distribution

The OOCs are distributed across 18 states and 37 municipalities.
These centers served patients from 2,001 cities covering all 27
Brazilian states. The state of Sdo Paulo accounted for 29.3% of
these centers, followed by Minas Gerais and Parana, with 10.3%
each, and Rio Grande do Sul, Santa Catarina, and Pernambuco,
with 6.9% each (Table 1). On the other hand, 9 states did not have
OOQOCs according to the criteria applied in this study, which resulted
in greater patient migration in search of specialized care in other
states or regions. Five of these states are located in the North region,
two in the Northeast, and two in the Center-West.

All five Brazilian macro-regions are covered by OOCs, with the
following distribution: 43.1% in the Southeast, 24.1% in the South,
22.4% in the Northeast, 6.9% in the Center-West, and 3.4% in the
North. (Table 2)

Geographic Reach of the Centers

The survey of the municipalities of origin of the patients treated at
each center allowed the creation of maps showing the catchment
areas of each OOC. Some centers receive patients from up to 16
different states. Conversely, the vast majority serve patients from
their own state. Three distinct profiles were identified: National reach
centers, which serve alarge region beyond state boundaries, such
as Fundagéo Pio Xl in the city of Barretos; Regional reach centers,
which cover a macro-region, with few long-distance cases and
a high volume of procedures; Local reach centers, which serve
patients from a small region, with shorter distances and reduced
patient flow. (Figure 1)

Surgical Volume Analysis of Orthopedic Oncology Centers

When dividing the OOCs into quartiles, it was observed that the
15 hospitals in the first quartile were responsible for 63.8% of the
procedures included in the study, and the first two quartiles together
accounted for 86.9% of the procedures (or 75.6% of the initial total).
The lowest-volume quartile, consisting of 14 hospitals, performed
only 2.6% of the procedures analyzed.

A significant discrepancy in the number of surgeries performed was
identified, allowing the classification of OOCs into High-Volume Centers
(HVCs), which include the first quartile, and Low-Volume Centers (LVCs),
corresponding to the quartile with the lowest number of procedures.
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Table 1. Distribution of Orthopedic Oncology Procedures by State and Population Density.

State Population % Centers % Procedures % OOC/M. inhab. Procedures/M. inhab.
SP 45,919,049 21.9 17 29.3 2207 24.9 0.37 48
MG 21,168,791 10.1 6 10.3 812 9.2 0.28 38
RJ 17,264,943 8.2 1 1.7 169 1.9 0.06 10
BA 14,873,064 741 2 3.4 1055 11.9 0.13 71
PR 11,433,957 54 6 10.3 811 9.2 0.52 71
RS 11,377,239 5.4 4 6.9 479 5.4 0.35 42
PE 9,557,071 45 4 6.9 1039 11.7 0.42 109
CE 9,132,078 4.3 3 5.2 779 8.8 0.33 85
PA 8,602,865 4.1 2 3.4 138 1.6 0.23 16
SC 7,164,788 3.4 4 6.9 122 14 0.56 17
GO 7,018,354 3.3 1 1.7 333 3.8 0.14 47
AM 4,144,597 2.0 1 1.7 141 1.6 0.24 34
ES 4,018,650 1.9 1 1.7 57 0.6 0.25 14
PB 4,018,127 1.9 1 1.7 246 2.8 0.25 61
RN 3,506,853 1.7 1 1.7 159 1.8 0.29 45
Pl 3,273,227 1.6 1 1.7 172 1.9 0.31 53
DF 3,015,268 1.4 2 34 128 1.4 0.66 42
SE 2,298,696 1.1 1 1.7 14 0.2 0.44 6

BRAZIL 210.147.125 100 58 100.0 8861 100.0 0.28 42
SD 0.15 27

OOC: Orthopedic Oncology Center according to this study’s criteria. M. inhab.: million inhabitants. SD: standard deviation. States without OOC: Acre; Alagoas; Amap4; Maranhao; Mato Grosso;

Mato Grosso do Sul; Rondénia; Roraima; Tocantins.

Table 2. Distribution of Orthopedic Oncology Procedures by Macro-Regions and Population Density.

Region Population % Centers % Procedures % OOC/M. de inhab. | Procedures/M. de inhab.
Southeast 88,371,433 424 25 43.1 3,245 36.6 0.28 37
Northeast 57,071,654 27.2 13 22.4 3,464 39.1 0.23 61
South 29,975,984 14.3 14 24.1 1,412 15.9 0.47 47
North 18,430,980 8.8 2 34 279 3.1 0.11 15
Center-West 16,297,074 7.8 4 6.9 461 5.2 0.25 28
Brazil 210,147,125 100 58 8,861 0.28 42
SD 0.12 16

OOC: Orthopedic Oncology Center according to this study’s criteria. M. inhab.: million inhabitants. SD: standard deviation.

National Reach Centers
Fundagao Pio XlI, Barretos

Local Reach Centers
Hospital das Clinicas de
Passo Fundo

Regional Reach Centers
Hospital de Cancer de
Pernambuco

Bubble location: Origin of patients treated by the OOC. Bubble size: Number of patients from
each locality treated

Figure 1. Maps of the reach profiles of orthopedic oncology centers
in Brazil.

There was a trend for HVCs to be accredited as CACONs and
LVCs as UNACONSs. However, this was not an absolute rule, as the
second highest volume identified was from the Hospital de Cancer
de Pernambuco, a UNACON. Conversely, among the 51 CACONs
registered in the SUS, 25 were not classified as OOCs in this study.
Over the 12 years analyzed, 95% of the procedures were performed
in 42 O0Cs, while the remaining 16 centers accounted for only 5%
of the total. The macro-regions with the highest concentration of
procedures were the Northeast (39.1%), followed by the Southeast
(36.6%), South (15.9%), Midwest (5.2%), and North (3.1%). (Table 2)
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Adequacy of Orthopedic Oncology Centers to the Population
Macro-regions

Table 2 presents a summary of the correlation between population
density, the number of OOCs, and the procedures performed. In the
Southeast and Midwest regions, the proportions of these variables
are similar to the national average and considered balanced. In the
Northeast, a disproportionately high number of procedures (39.1%)
was observed relative to its population (27.2%) and number of
centers (22.4%). In contrast, in the South, a high number of OOCs
(24.1%) was identified compared to its population (14.3%) and the
number of surgeries performed (15.9%). Finally, in the North, both
the number of OOCs (3.4%) and procedures (3.1%) were relatively
low compared to the population (8.8%). (Figure 2)

These findings are confirmed when using the coefficients of centers
and procedures per million inhabitants. The Northeast showed a high
coefficient of procedures per inhabitant, while the South presented
elevated coefficients for both centers and procedures. The North
had below-average coefficients, and the Southeast and Midwest
demonstrated values close to the Brazilian average.

Federative Units

In the state-level analysis (Table 1), the low number of centers
(1.7%) and procedures (1.9%) in the state of Rio de Janeiro stands
out when compared to its population (8.2%). On the other hand,
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Figure 2. Relationship between the proportions of population, number
of OOCs, and procedures in the macro-regions.

Pernambuco, Bahia, and Ceara presented a high surgical volume
relative to their local demographic proportion. Pernambuco accounts
for 4.5% of the population, yet concentrates 6.9% of the COOs and
11.7% of the procedures. Bahia, with 7.1% of the population and 3.4%
of the COQOs, performed 11.9% of the surgeries analyzed. Ceara,
with 4.3% of the population, accounted for 5.2% of the COOs and
8.8% of the surgeries. Sao Paulo, Parand, and Paraiba are also
states in which the proportion of procedures is greater than the
share of the population.

Regarding the coefficient of COO concentration (Figure 3), the Fed-
eral District and the states of Santa Catarina and Parana presented
the highest values. In Parana, this coefficient was accompanied by a
high coefficient of procedures. At the other extreme, Rio de Janeiro,
Bahia, and Goias had fewer COQs relative to their populations than
the Brazilian average.

Pernambuco and Ceara showed the highest coefficients of proce-
dures, remaining above one standard deviation from the national
average (42 procedures per million inhabitants). Conversely, Santa
Catarina, Para, Espirito Santo, Rio de Janeiro, and Sergipe were
below one standard deviation (Table 1). The chart in Figure 3
shows that there is no correlation between the coefficient of centers
and procedures, and that there is wide variation in relation to the
national average.

=e—COO/Million inhab
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Procedures/Million inhab

100 1,00

80 0,80
60 0,60
40 0,40

20 0,20
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Figure 3. Relationship between the coefficients of Centers and Procedures
per million inhabitants in the Federative Units.

Analysis of Migrations

The correlation between the patient’s state of origin and the state
where treatment was performed allowed us to evaluate the migra-
tions that occurred and the capacity of each state to treat its own
patients. In 9 states, patient migration is mandatory, or procedures
are carried out in hospitals not classified as COOs.
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Patients from the Southeast, South, and Northeast remain within their
macroregions, with resolution rates close to 100%. In the Midwest
and North regions, migratory flows correspond to 20.4% and 30.1%
of patients, respectively. However, these rates represent only a
small portion of patients at the national level. Thus, the percentage
of patients who migrated to another macroregion was only 3.3%.
States without COOs, which correspond to 10.6% of the population,
accounted for 39.4% of interstate migrations. In contrast, among
states with COOs, only Sergipe did not show a resolution rate
higher than 80% within its own state. Overall, the rate of treatment
resolution within the patient’s home state was above 90%.
Qualitative analysis revealed preferential migration flows. In states
without COOs, S&ao Paulo was the main destination, receiving
most patients from Acre, Roraima, Ronddnia, Tocantins, Mato
Grosso do Sul, and Mato Grosso. Patients from Amapa migrated
preferentially to Para, those from Maranhéo to Piaui, and those
from Alagoas to Pernambuco.

DISCUSSION

The national scientific literature lacks information on patient flow
within the Brazilian Unified Health System (SUS). The development
of healthcare strategies and the rational distribution of resources
across the country are only possible with a deep understanding of
the installed infrastructure and the availability of human resources.
In the case of orthopedic oncology, as in other high-complexity
areas, infrastructure requires high investment in technology, and
human resources demand prolonged training.

The quality of data analysis from a database is closely linked to the
quality of the database itself. In the case of DataSUS, the following
factors may have impacted the results:

* Hospital Admission Authorizations (AlHs) may not have been
completed in some hospitals because they exceeded the SUS
budget cap, were denied reimbursement, or received funding from
another payer other than SUS.

* Codes may have been incorrectly recorded, either by the physician
or by administration.

* The residence address may have been altered by the patient,
with some frequency, to allow treatment in the hospital of choice.
Among these, two factors appear most significant: 1) the migration
index may be higher than that presented in this study, and 2) the
volume of care in hospitals in Rio de Janeiro may be underestimated,
possibly due to the financing model.

Since there is no formal definition of an Orthopedic Oncology
Center (COQ), an arbitrary criterion was used. Hemipelvectomies
are uncommon procedures but have high specificity for ortho-
pedic oncology.” The procedure “resection of bone tumors and
reconstruction” is also specific, though more common. With the
exception of small resections of the iliac wing, both procedures
require a professional trained in orthopedic oncology. Although
three hemipelvectomies and one bone reconstruction in 12 years
represent a low surgical volume, these numbers do not reflect the
total number of procedures performed in orthopedic oncology
and should therefore be considered as a sample of procedures
performed in each COQO.

With this less restrictive criterion, a greater number of hospitals were
included, accounting for nearly 90% of the procedures selected
during the study period, thereby allowing a broader and more
detailed analysis.

Despite the limitations introduced by these factors, the analysis of
11,139 surgical procedures typical of orthopedic oncology, over a
12-year period, certainly provides consistent results and reflects
the reality of public care for musculoskeletal cancer in Brazil.
Several authors confirm that specialized high-volume centers
achieve the best outcomes in the treatment of sarcomas.>¢%15
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Well-structured orthopedic oncology groups, which sometimes
act as regional references and operate in more than one hospital,
may have been excluded, while other less specialized hospitals
may have been included. On the other hand, the definition of a
COO is not based solely on surgical volume. The care of malignant
musculoskeletal tumors is multidisciplinary and requires several
additional components that were not addressed in this study.’
Although oncology care hospitals accredited by SUS are clearly
identified as CACON (51) and UNACON (263), the study demon-
strated that not all of them provide care for musculoskeletal tumors.
Even the regulations requiring the inclusion of orthopedic surgeons
in High-Complexity Oncology Centers and Units do not mandate
that these professionals be trained in orthopedic oncology. This is
compounded by the fact that orthopedic oncology is not formally
recognized as a specialty or subspecialty by SUS. Conversely,
if all these centers and units provided orthopedic oncology care,
services would be dispersed across 314 centers, when it is already
known that 41 centers are capable of handling 75.6% of the na-
tional demand, and high surgical volume is associated with better
outcomes. This suggests that a regulatory change would be the
most appropriate solution.

The vast majority of surgeries were performed either within the
patient’s state (93.7%) or within the same macroregion (96.7%),
indicating low migration rates. Even considering the potential bias
of falsified residence declarations, these values can be considered
very high and reflect the quality of the various centers across Brazil,
whose geographic distribution correlates reasonably well with the
population density of each macroregion.

In summary, the methodology used identified hospitals that pro-
vide specialized orthopedic oncology care within SUS. A total of
58 Orthopedic Oncology Centers (COOs) were identified, which
accounted for 8,861 of the 11,139 (79.5%) procedures included in
the study.

Regarding surgical volume, 95% of the selected procedures were
performed in 42 of the 58 COOs studied, while 2,721 procedures
(24.4% of the total) were performed in low-volume hospitals on a
sporadic basis.

The orthopedic oncologist is a rare professional who treats a rare
disease. On the one hand, there should not be an excessive number
of bone cancer treatment centers; on the other hand, Brazil’s size
requires a geographic distribution that ensures patient access.
The study also suggests that mechanisms should be created to
concentrate musculoskeletal tumor cases in institutions led by
trained orthopedic oncologists, avoiding the sporadic performance
of highly complex procedures by less experienced professionals.
This study provides important data and may serve as a valuable
tool for healthcare managers, as well as a basis for discussing
adjustments in the public healthcare system for rare diseases,
such as orthopedic oncology.

In conclusion, according to the criteria used, 58 Orthopedic On-
cology Centers (COOs) were identified, which accounted for 79.5%
of the 11,139 procedures analyzed in the study.

The geographic distribution of COQOs correlates reasonably well
with the distribution of the Brazilian population and ensures a low
interstate migration rate (6.3%). On the other hand, the variation
across states in the number of procedures per million inhabitants
is considerable (ranging from 6 to 109, with an average of 42),
and the main cause of this variation is the quality of information
recorded in the AlHs.

There is atendency toward concentration of procedures in high-vol-
ume COQOs, since 95% of procedures were carried out in 42 of
the 58 COOs. This trend aligns with the literature, which associ-
ates high-volume centers with better clinical outcomes. However,
Brazilian legislation lacks mechanisms to consolidate this trend,
which would promote specialized treatment for musculoskeletal
tumors, as well as for other rare diseases.
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ABSTRACT

Obijective: In chronic hand flexor tendon reconstruction with tendon
grafts, the challenge is to obtain the best resistance and tension of
the suture that allows early active mobility. This experimental study of
tension relaxation aims to investigate whether prior preconditioning
of the tendon graft could assist to identify the ideal tendon graft
tension in these reconstructions. Methods: The porcine flexor
tendons were subjected to the tension relaxation test, with three
test cycles each with up to 50 N of tension and relaxation for 300
seconds. Measured: maximum force (N), maximum tension (Mpa)
and maximum deformation. Results: After the peak tension of 50 N,
the following was observed: maximum deformation, with an average
tendon elongation of 2.3 mm; average residual tendon elongation
of 0.6 mm; demonstrating the viscoelastic spring characteristic
of porcine tendons. Conclusion: We recommend performing in-
traoperative preconditioning of the tendon graft with loads close
to active grip strength (50 N to 70 N). If it is impossible to perform
preconditioning, the suture can be placed 17 degrees of flexion
of the proximal interphalangeal joint above the cascade flexion
of fingers, compensating for tendon elongation under a load of
50 N. Level of Evidence IlI; Experimental.

Keywords: Active Mobility; Swine; Sutures; Tendons.

RESUMO

Objetivo: Na reconstrugéo de leséo cronica de tendéo flexor da mao,
0 desafio é a obtengdo da melhor resisténcia e tensdo da sutura que
possibilite a mobilidade ativa precoce. Este estudo experimental
de relaxamento a tenséo, tem como objetivo investigar se o pré-
condicionamento prévio do enxerto de tendao poderia auxiliar na iden-
tificac&o da tensao ideal do enxerto de tendao nestas reconstrugoes.
Meétodos: Os tendoes flexores suinos foram submetidos ao ensaio
de relaxamento a tensao, com trés ciclos de testes cada até 50N de
tensao e relaxamento por 300 sequndos. Mensurados: a forga maxima
(N), a tensdo maxima (Mpa) e a deformagdo maxima. Resultados:
Ap&s o pico de tenséo de 50 N, foi observado: deformacao maxima,
com alongamento do tend&o médio de 2,3 mm;, alongamento médio
residual de 0,6 mm; demonstrando a caracteristica viscoelastica de
mola dos tendbes suinos. Concluséo: Recomendamos a realizagao
do pré-condicionamento intraoperatdrio do enxerto de tendo flexor
com cargas proximas a forga de preenséo ativa (50N a 70N). Na
impossibilidade da realizagéo do pré-condicionamento, a sutura pode
serrealizada com 17 graus de flexao da interfalangica proximal acima
da flexao em cascata dos dedos, compensando o alongamento do
tendéo sob carga de 50 N. Nivel de Evidéncia Ill; Experimental.

Descritores: Mobilidade Ativa; Suinos; Suturas; Tendbes.
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INTRODUCTION

Chronic flexor tendon injury of the hand represents a significant
reconstructive challenge for hand surgeons. Among the therapeutic
options are tendon transfers, arthrodesis, and tendon grafting. In
cases of severe mobility limitation and complex lesions, ampu-
tation of nonfunctional fingers may be indicated. Flexor tendon
reconstruction with tendon grafts’ is the most common option, but
it faces technical challenges such as graft adhesion, inadequate
tension, and failure to restore range of motion.

To reduce postoperative complications, early active mobilization is
advocated, aiming to promote tendon gliding and reduce adhesions
and motion limitations. However, no objective data are available
regarding the optimal surgical tension for tendon grafts. Studies
on stress-relaxation in autologous tendon grafts for knee ligament
reconstruction® suggest that graft preconditioning with 50 Newtons
(N)®>4 may prevent postoperative laxity.

The present study aims to evaluate the viscoelastic properties
of porcine flexor tendons through stress-relaxation testing.
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The objective is to determine the applicability of these properties in
flexor tendon reconstruction using tendon grafts, in order to prevent
elongation and laxity, thereby reducing common postoperative
complications in flexor tendon reconstruction of the hand, such as
increased flexion force due to inadequate graft tension.

MATERIALS AND METHODS

Twenty-one stress-relaxation tests were performed on seven flexor
tendons harvested from porcine carcasses used in the surgical
technique program of our University. The tendons were collected
from the hind limbs of pigs after approval by the institutional an-
imal ethics committee (CEUA No. 1560/2020). The animals were
euthanized with intraperitoneal thiopental sodium at a dose of
75 mg/kg, in accordance with the guidelines of the Brazilian College
of Animal Experimentation (COBEA, 2007). After use in the surgical
technique program, the carcasses designated for disposal were
repurposed for this project. Both flexor tendons of the pigs’ hind
limbs were collected after euthanasia.

Preliminary measurements of the porcine flexor tendon diameter
were obtained using a caliper (mm). Three measurements were
taken, and their mean was calculated to minimize error, from which
the total cross-sectional area (mm2) was determined.

The tendons were immediately prepared for testing. Both ends
of the tendons were positioned in rectangular trapezoidal-profile
clamps, previously designed to accommodate the average diameter
of porcine flexor tendons.

The tendons were subjected to stress-relaxation testing using a
Kratos mechanical testing machine, model 5002, equipped with
a 981 N (100 kgf) load cell adjusted to a 98.1 N (10 kgf) scale.
A Lynx data acquisition system, model ADS2000, recorded force
and displacement data from the machine at a rate of 10 samples per
second and transferred them to a personal computer via software
that enabled visualization and recording of the acquired data over
time (resolution of 100.0 milliseconds).

Before tendon fixation to the testing machine, each specimen
was measured at three cross-sectional regions: at the tendon
midpoint and 20 mm proximally and distally. Measurements were
performed using a device consisting of a dial indicator (Mitutoyo,
resolution 0.01 mm), a channel measuring 4.7 mm in width and
8 mm in depth, and a parallelepiped-shaped actuator sliding along
the channel, coupled to the dial indicator stem. The cross-sectional
area was calculated by multiplying the channel width of 4.7 mm by
the thickness measured by the dial indicator. (Figure 1)

Area=Lxe

Source: Authors.

Figure 1. The area is calculated by multiplying the actuator width
(L = 4.7 mm) by the thickness (e) measured with the dial indicator.
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Two rectangular clamps with a sinusoidal profile (6.5 mm pitch) were
used. Each clamp had four screws with lock washers to ensure that
the clamping force on the tendon remained less variable during
the test. One clamp was fixed to the base of the testing machine
using a bench vise, and the other clamp was attached to the load
cell (mobile part) using a universal joint. The tendon ends were
secured in the clamps so that the central portion to be tested was
set at a distance of 35 mm between clamps.

With the specimen positioned in the testing machine, a load of
50 N was applied for 10 seconds. After this procedure, the load
was released and the clamp screws were retightened. The tendon
was rehydrated with 0.9% sodium chloride solution for 20 minutes
to ensure recovery of its initial length. Then, the movable clamp
was repositioned until the load returned to zero, and the distance
between the clamps, corresponding to the initial tendon length, was
measured using a Mitutoyo caliper with a resolution of 0.05 mm.
The test consisted of pulling the tendon at a speed of 5 mm/min
until reaching a load of 50 N, at which point the testing machine
immediately stopped its upward motion, producing elongation of
the material within its elastic zone. After 300 seconds, the machine
reversed its motion, returning to the point where the recorded
load was equal to zero, at which point it immediately stopped
again. After an additional 300 seconds, the test was completed.
Throughout the procedure, the tendon was hydrated with 0.9%
sodium chloride solution.

Due to the viscoelastic behavior of the material, during the first 300
seconds there was a loss of tension evidenced by the decrease
in load, and in the final 300 seconds a slight increase in load was
recorded, corresponding to the material’s attempt to recover its
initial length. At the end of the test, the machine recorded a load
and displacement value, which was reset once the crosshead
returned to the tendon’s initial length. Figure 2 illustrates a hypo-
thetical stress-relaxation curve of the tendon test, showing the
main phases of the procedure: peak, relaxation at 300 s, return to
zero load, and recovery.

Each tendon underwent three repetitions of stress-relaxation
tests with a 50 N load, always maintaining a 30-minute interval
between repetitions.

Force (N)

Fmax Maximum force

Relaxation at 300 s
Return to initial
length (LO)

Frelax

Recovery

\ /

Return to zero load ™ /
/ N/

l/ 3/

Trelax “Jreturn 300s Treog

Freo

Tmax
Lo Emax «

-«

300s
Return to zero load

Lo Eresidual

LOE=0 . Return to initial length (LO) after completion fo assay
<-»Elogation

Figure 2. Hypothetical graph of force as a function of time during a
stress-relaxation test, highlighting the phases of 50 N load application
(Peak), stress relaxation after 300 s, tendon return to zero load, and
recovery after 300 seconds. Where: Fpico and Tpico: force and time at
peak; Frelax and Trelax: force and time at 300 s relaxation; Tretorno: time
at the moment of return to zero load; Frec and Trec: force and time after
300 s of recovery; Ly: initial tendon length; Dpico: deformation at the load
peak; Dresidual: deformation after return to zero load.
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The calculated parameters were relaxation force (Frelax) and stress
(srelax), relative deformation at peak (e%pico), absolute residual
deformation (Dres) relative residual deformation (D%res), and
recovery force (Frec) and stress (srec).

Stresses were calculated as the ratio of force (N) to the mean
cross-sectional area (mm?) of the three tendon regions, expressed
in MPa. Relative deformation at peak (¢%pico) was calculated as
the ratio of absolute residual deformation (Dres) to the initial tendon
length, multiplied by 100.

At the moment of peak stress of the flexor tendon, four measure-
ments were performed:

1. Maximum force reached (N)

2. Maximum stress (MPa)

3. Maximum tendon deformation (mm)

4. Percentage deformation, based on comparison with the mean
of the initial unstressed measurements (mm)

Following the stress-relaxation test, the four measurements de-
scribed at the 50 N peak load were repeated at the following
time points:

1. Tendon relaxation after 300 seconds (5 minutes) from peak stress
2. Return to zero load (N)

3. Characteristics after return, including residual tendon deformation
A descriptive study was conducted using SPSS. Statistical analysis
was performed with SPSS software version 20.0 (SPSS Inc®,
Chicago, IL, USA), employing descriptive statistics and inferential
statistical analysis.

RESULTS

The mean cross-sectional area of the porcine tendons used in the
stress-relaxation tests was 11.4 mm2 (standard deviation [SD] 2.7),
with a mean diameter of 29.7 mm (SD 2.5 mm). The mean tendon
length, calculated from the average of three different measurements,
was 36.5 mm (SD 2.6).

During the peak stress of the test, the force achieved was 49.3 N
(SD 0.80 N), with the target load of approximately 50 N reached in
the trial. At this moment, the peak stress averaged 4.7 MPa (SD 1.3
MPa); peak deformation with tendon elongation averaged 2.3 mm
(SD 0.4 mm), with a deformation percentage—based on the mean
of initial unstressed measurements—of 6.2% (SD 0.9%); and peak
stiffness of the porcine tendon graft was 57.5 N/mm (SD 15.0 N/mm).
After the 50 N peak load, the following values were obtained after
relaxation to zero load in Newtons for the porcine flexor tendon,
compiled from all test cycles: the mean time to return to zero stress
was 360.8 seconds (SD 10.3 seconds); mean residual elongation
was 0.6 mm (SD 0.18 mm); and the mean residual deformation
percentage was 1.6% (SD 0.5).

The values for peak deformation and residual deformation were
described separately for the three different cycles of deformation
and stress-relaxation of each porcine flexor tendon. (Table 1)

Table 1. General values and after each 50 N tensioning cycle (first,
second, and third cycles).

Mean SD Minimum | Maximum
Dpico 2.26 0.38 1.73 2.90
Dresidual 0.59 0.18 1.73 2.91
Dpico (1.0 cicle) 2.31 0.42 1.75 2.90
Dresidual (1.0 cicle) 0.54 0.17 0.30 0.77
Dpico (2.0 cicle) 227 0.43 1.76 275
Dresidual (2.0 cicle) 0.69 0.19 0.42 1.01
Dpico (3.0 cicle) 2.31 0.42 1.75 2.90
Dresidual (3.0 cicle) 0.54 0.17 0.30 0.77

Legend: Deformation in mm at the 50 N peak load (Dpico); residual deformation after return to
zero load (Dresidual); standard deviation (SD)
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After statistical evaluation, no statistically significant differences
were observed among the three different cycles regarding the mean
deformation data at the 50 N peak load (p = 0.19) and residual
deformation after return to zero load, as assessed by ANOVA in
SPSS (p = 0.14).

DISCUSSION

The tension of the tendon graft for reconstruction of chronic flexor
tendon injuries is empirically determined, with reconstruction usually
performed for the flexor digitorum profundus.®

Previous experimental studies have demonstrated that porcine
flexor tendons are compatible with human flexor tendons and are
suitable for comparative experimental models, behaving similarly to
tendon grafts. The most common human flexor tendon graft sources
are the palmaris longus, plantaris, flexor digitorum superficialis,
semitendinosus, or gracilis tendons® and more recently, allografts.”
According to biomechanical evaluations of hand flexor tendons,®
we know that for finger flexion with the wrist in neutral position,
there is a total displacement of 32 mm (15-43 mm) of the flexor
digitorum profundus during its full excursion.® The following tensions
are observed:

* Passive flexion: 2-4 N of force

* Active (light) flexion: 10 N of force

* Active (strong) flexion: 50-70 N / pinch: 120 N of force
Preconditioning of porcine flexor tendons at 50 N is based on
experimental preconditioning studies of grafts for anterior cruciate
ligament reconstruction®* and also on the load corresponding to
strong active flexion. The biomechanical properties of the flexor
tendon'® should not be analyzed linearly, but rather in terms of
the tendon’s viscoelasticity after stress and relaxation, which are
time- and load-dependent, leading to constant elongation and
relaxation. Previous studies, such as that by Monleon,'" observed
that under hydration conditions and after two preconditioning cycles,
the viscoelastic characteristics of human flexor tendons resemble
spring-like behavior. However, it is important to note that tendon
behavior may change with repeated loading, as the tissue absorbs
load and energy after each cycle.”®

In the context of flexor tendon reconstruction of the hand, the key
question is: what would be the ideal behavior of an avascular
tendon graft to simulate the optimal tension of a flexor digitorum
profundus tendon?

In this experimental study, for tendon preconditioning we applied
a5 kg (50 N) load. After stress-relaxation, the residual deformation
was 1.6% of the initial length. With these preconditioned tendons,
the return to zero load and zero deformation took an average of
6 minutes. This residual deformation of 0.6 mm on average
cannot be considered plastic deformation, since it may occur
in experimental testing due to adverse technical conditions
such as dehydration and/or failure of the machine clamps to
properly hold the graft. Therefore, porcine tendons ultimately
behave like a spring.

During surgery, this spring-like viscoelastic behavior allows the
tendon graft to be sutured for flexor tendon reconstruction un-
der optimal tension. With the advent and increasing use of the
WALANT technique (Wide Awake Local Anesthesia No Tourniquet),”
the ideal graft tension can be determined intraoperatively, since
elongation of the tendon graft can be directly observed and tested.™
In cases of tendon elongation during active flexion, there may be
loss of strength and full excursion; conversely, excessive tension
may cause a quadriga effect, leading to loss of flexion strength in
adjacent fingers.'415

In porcine flexor tendon grafts, under strong active flexion loads,
with the 50 N peak used in this study, a maximum mean deforma-
tion of 2.3 mm was observed across the three preconditioning
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cycles. Upon return to zero load, the tendons behaved like a spring,
with insignificant residual deformation (1.3% of tendon length),
likely explained by graft dehydration during experimental testing.
Considering biomechanical studies describing ~1.3 mm of tendon
excursion per 10° of joint rotation,'®"” and comparing with our mean
peak deformation values at 50 N, postoperative deformation in
flexor tendon reconstruction without preconditioning could lead
to elongation under an active 50 N load, altering reconstructed
tendon function by up to 17° of proximal interphalangeal joint rota-
tion—solely due to tendon deformation, without even considering
the risk of suture site laxity.

Therefore, we recommend surgical reconstruction of chronic or
irreparable flexor digitorum profundus tendon injuries with tendon
grafting under local anesthesia. The surgical technique should
begin with distal graft fixation at the distal phalanx or the remnant
flexor digitorum profundus stump, followed by intraoperative graft
tensioning through cyclic and active finger flexion movements
performed by the patient. After proper tensioning, proximal graft
fixation should be completed, with additional active flexion tests
to confirm adequate graft tension and detect possible elonga-
tion. As a second option, if WALANT surgery is not feasible, we
suggest intraoperative preconditioning of the flexor tendon graft

with loads close to active grip strength (50-70 N). As a third
alternative, if neither option is possible, graft suturing can be
performed with a shortening of approximately 2.3 mm (mean
peak deformation value in our study) or with an additional 17° of
proximal interphalangeal joint flexion beyond the normal flexion
cascade of the finger (based on prior reports of 1.3 mm tendon
excursion for every 10° loss of flexion).'®

Study limitations include: preconditioning was limited to three
linear cycles (a small number, but chosen to avoid graft degrada-
tion since this was an in vivo study using porcine tendon grafts);
the sample size; and the fact that the actual conditions of tendon
graft reconstruction in humans may not be comparable to our
experimental study on porcine flexor tendons using the Kratos®
universal testing machine.

CONCLUSION

We recommend intraoperative preconditioning of the flexor
tendon graft with loads close to active grip strength (50-70 N).
If preconditioning is not feasible, the suture may be performed
with 17 degrees of proximal interphalangeal joint flexion beyond
the natural flexion cascade of the fingers, thereby compensating
for tendon elongation under a 50 N load.
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ABSTRACT

Total hip arthroplasty (THA) is a complex surgery and is indicated
for the treatment of degenerative diseases such as osteoarthritis,
rheumatoid arthritis and osteonecrosis, as well as femoral neck
fractures. This procedure aims to restore mobility, relieve pain and
improve patients’ quality of life. However, infections, especially
periprosthetic joint infection (PJl), are serious complications that
can compromise the success of the surgery. To identify risk factors,
as well as methods of preventing and treating infections in THA. An
integrative literature review was carried out, selecting clinical trials
published in the last 10 years that addressed the proposed topic,
using the following search strategy in the PUBMED database: hip[ti-
tle] AND arthroplasty[title] AND infec*[title]. The analysis involved
reading and discussing 12 articles, which addressed different
aspects of infection prevention and management in THA. Although
some interventions, such as collagen sponges with gentamicin
and triclosan-coated sutures, have not significantly reduced the
incidence of infections, others, such as closed incisional negative
pressure therapy (CINPWT) and washing with diluted betadine,
have shown promise in certain contexts. Diagnostic accuracy,
especially for coagulase-negative staphylococci, still presents
challenges, highlighting the need for advances in diagnostic and
therapeutic methods. Thus, despite advances, the prevention and
management of infections in THA still require improvement, and
interventions must be carefully evaluated to ensure the effectiveness
and safety of the procedure. Level of Evidence IV; Evidence from
Descriptive (non-experimental) or Qualitative Studies.

Keywords: Arthroplasty, Replacement, Hip; Prosthesis-Related
Infections; Postoperative Complications; Therapeutics.

RESUMO

A artroplastia total de quadril (ATQ) é uma cirurgia complexa, sendo
indicada para tratamento de doengas degenerativas como osteoartrite,
artrite reumatoide e osteonecrose, além de fraturas do colo do fémur.
Este procedimento visa restaurar a mobilidade, aliviar a dor e melhorar a
qualidade de vida dos pacientes. No entanto, as infecgoes, especialmente
a infeccéo articular periprotética (IAP), sao complicacdes graves que
podem comprometer 0 sucesso da cirurgia. Identificar fatores de risco,
assim como métodos de prevencdo e tratamento das infecgées em ATQ.
Foi realizada uma revis&o integrativa da literatura, selecionando ensaios
clinicos publicados nos ultimos 10 anos que abordavam o tema proposto,
utilizando a seguinte estratégia de busca na base de dados PUBMED:
hip(title] AND arthroplasty[title] AND infec*title]. A analise envolveu a leitura
e discussao de 12 artigos, que abordaram diferentes aspectos da pre-
vengao e manejo das infeccdes em ATQ. Embora algumas intervencées,
como as esponjas de colageno com gentamicina e suturas revestidas
com triclosan, ndo tenham reduzido significativamente a incidéncia de
infecgoes, outras, como a terapia de pressao negativa incisional fechada
(ciNPWT) e a lavagem com betadine diluido, mostraram-se promissoras
em determinados contextos. A precisdo diagndstica, especialmente para
estafilococos coagulase-negativos, ainda apresenta desafios, destacando
a necessidade de avangos nos metodos diagndsticos e terapéuticos.
Sendo assim, apesar dos avangos, a prevengao e 0 manejo das infecgoes
em ATQ ainda requerem aprimoramento, e as intervengbes devem ser
cuidadosamente avaliadas para garantir a eficacia e seguranca do pro-
cedimento. Nivel de Evidéncia IV: Evidéncias de Estudos Descritivos
(ndo experimentais) ou com Abordagem Qualitativa.

Descritores: Artroplastia Total de Quadril; Infeccoes Relacionadas
a Protese; Complicacoes Pds-Operatorias; Terapéutica.
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INTRODUCTION

Total hip arthroplasty (THA) is a highly complex surgical procedure
designed to replace the damaged hip joint with artificial prosthetic
components. The procedure aims to restore mobility, relieve pain,
and improve the quality of life of patients suffering from advanced
joint pathologies. The surgical technique involves removing the com-
promised articular surfaces and replacing them with a prosthesis
consisting of a femoral stem, a femoral head, and an acetabular
component, which together reconstitute joint functionality.!

The indications for total hip arthroplasty are varied and include
primarily degenerative diseases such as osteoarthritis, rheumatoid
arthritis, and osteonecrosis, as well as femoral neck fractures that
cannot be adequately managed by other methods. In addition,
congenital deformities and sequelae of dislocations or trauma may
also require hip joint replacement. THA is often considered when
conservative therapeutic options no longer provide sufficient pain
relief or when there is significant functional limitation.?

Among the complications associated with total hip arthroplasty, infec-
tion is one of the most severe and challenging. Periprosthetic infection
may occur at different postoperative periods, ranging from early
infections, shortly after surgery, to late infections, years after pros-
thesis implantation. This complication is particularly concerning
because it may compromise surgical success, require additional
interventions, and in severe cases, lead to prosthesis removal.
Effective management of this complication requires a multidisci-
plinary approach, including early diagnosis, preventive strategies,
and specific treatments, which may range from antibiotic therapy
to complex surgical revisions.®

Given the severity of potential complications and the complexity of
the procedure, it is imperative that risk factors be carefully evaluated
and preventive measures rigorously implemented.* Furthermore, the
establishment of effective treatment protocols in cases of infection
is essential to optimize THA outcomes.

MATERIALS AND METHODS

This study was designed as an integrative literature review. Study
selection was performed in the PUBMED database using the
following search strategy: hip[title] AND arthroplasty(title] AND
infec*[title]. Only clinical trials published in the last 10 years were
included. The research question that guided this review was: “What
are the risk factors associated with infections in THA, as well as their
diagnostic and treatment methods?”

The review process was conducted in six sequential stages: formu-
lation of the research question, identification of relevant studies in
the literature, data collection from the specified database, critical
and detailed analysis of the selected studies, discussion of the
findings, and finally, preparation and presentation of the integrative
review, as proposed by Souza et al.®

RESULTS

The initial search retrieved 12 articles that met the search strategy
defined for this review. After screening titles and abstracts, all
identified articles were selected. Subsequently, the studies were
read in full, summarized, and discussed, following a chronological
order based on their year of publication.

DISCUSSION

Surgical site infection (SSI) has been widely recognized as one of the
most feared complications in surgery, particularly in hip arthroplasty,
as highlighted by Westberg et al.® Their study, conducted between
February 2011 and July 2013, investigated the effectiveness of
collagen sponges containing gentamicin in preventing SSlin elderly

Acta Ortop Bras.2025;33(6):€285764

patients undergoing hemiarthroplasty after femoral neck fracture.
The results did not reveal a statistically significant difference in
SSl incidence between the gentamicin-collagen group and the
control group, indicating that the use of such sponges did not
reduce infection rates.

Similarly, Gonzélez-Vélez et al.” emphasized the severity of SSls,
especially in hip arthroplasty, by analyzing the excessive direct
costs associated with these infections. In a case-control study
conducted at Hospital Universitario Ramon y Cajal, Spain, they
identified that infections related to methicillin-resistant Staphylo-
coccus aureus increased costs by 134%, reinforcing the need
for preventive interventions to minimize both financial and clinical
impacts of such infections.

Ibrahim et al.,? addressed another critical aspect of post-arthroplasty
complications: periprosthetic joint infection (PJI). In a study compar-
ing the treatment of patients with negative and positive cultures, they
found that culture-negative PJls presented particular challenges,
but adherence to strict protocols allowed reinfection rates similar
to those observed in culture-positive patients, underscoring the
importance of adherence to well-defined therapeutic strategies.
Sprowson et al.® investigated whether triclosan-coated sutures could
reduce SSI incidence in patients undergoing total hip and knee
arthroplasty. The study, involving 2,546 patients, found no significant
evidence that these antimicrobial sutures reduced infection rates,
suggesting that the introduction of such technologies must be
carefully evaluated before routine implementation.

Closed incisional negative pressure wound therapy (CINPWT) was
assessed by Newman et al.' in a study comparing its effectiveness
with traditional dressings in patients undergoing revision arthro-
plasty. The results demonstrated a significant reduction in wound
complications and reoperations in the ciNPWT group, indicating
that this technique may be beneficial for high-risk patients.
Keeney et al."" also explored the use of negative pressure wound
therapy (INPWT), but focused on patients undergoing total lower
extremity arthroplasty. They observed that although iNPWT could
increase initial wound drainage, the devices were effective in re-
ducing complications in patients with elevated body mass index,
particularly after total knee arthroplasty.

In the diagnostic field, Kleiss et al.'? evaluated the accuracy of the
synovial alpha-defensin enzyme immunoassay for diagnosing PJI.
Despite high specificity rates, the test failed to correctly detect
some infections caused by coagulase-negative staphylococci,
revealing that additional diagnostic methods are still needed to
ensure accurate detection in all cases.

Calkins et al."® investigated whether diluted betadine lavage could
reduce postoperative PJI rates compared with saline lavage. The
results indicated a significant reduction in infections in the betadine
group, suggesting that this practice may serve as a simple and
effective preventive measure in aseptic revisions.

Yang et al.'* conducted a study analyzing the impact of a three-
month course of targeted oral antibiotics in patients undergoing
revision for chronic prosthetic joint infections. Their findings showed
a significant reduction in reinfection rates among patients who
received antibiotics, highlighting the effectiveness of prolonged
treatment in preventing relapse.

In the study by et al.”® outcomes of static versus articulating spacers
were compared in patients with PJI undergoing two-stage revi-
sion arthroplasty. The authors concluded that although hospital
stays were longer for patients with static spacers, there was no
significant difference in operative time during the second-stage
reimplantation, indicating that both methods are comparable in
terms of effectiveness for PJI treatment.

Finally, Amini et al.'® reported that in their research on the use of
antibiotic-loaded cement spacers, antibiotic concentrations in
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the joints were not significantly affected by the use of drainage
devices. This suggests that such devices do not compromise the
effectiveness of spacers in preventing infection during two-stage
revision arthroplasty.

CONCLUSION

The studies evaluated demonstrate consensus regarding the
severity of infections related to hip arthroplasty; however, they
diverge on the effectiveness of the preventive interventions tested.

While some methods, such as gentamicin-loaded collagen sponges
and triclosan-coated sutures, did not show significant impact
in reducing infections, other approaches, such as closed inci-
sional negative pressure wound therapy (CiNPWT) and diluted
betadine lavage, yielded promising results in specific contexts.
Diagnostic analyses, although advancing in accuracy, still reveal
limitations—particularly in the detection of infections caused by
coagulase-negative staphylococci—highlighting the ongoing need
for improvement in diagnostic and therapeutic methods.
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ABSTRACT

To compare the clinical outcomes of children with forearm bone
fractures undergoing surgical treatment with intramedullary fix-
ation with TEN rods and Kirschner wires. A systematic review
of the literature was carried out, conducting a search for data in
the Pubmed/Medline, Science Direct and Scielo databases. The
quality of the trials was assessed by the MINORS tool and the
meta-analysis of the studies was performed using the R software
(version 4.4.0). 16 studies were selected, representing 1,075 patients,
with a predominance of males, where the mean age range varied
from 8.32 to 14.2 years. Applying the MINORS Scale, the quality
of the studies was good (= 11). The meta-analysis of the studies
revealed a statistically significant increase in the risk of adverse
events in the experimental group compared to the control group,
with a risk ratio (RR) of 1.35 (95% ClI: 1.03 to 1.76). The combined
mean difference (raw mean) between the experimental group and
the control group was -12.42 minutes (95% Cl: -13.75 to -11.10) in the
fixed-effect model, indicating a significant reduction in surgical time
for the experimental group. In the random-effect model, the mean
difference was -21.62 minutes (95% ClI: -33.30 10 -9.94). Regarding
fracture consolidation time, the fixed-effect model indicated a
raw mean difference of 0.99 (95% Cl: 0.61 to 1.36). Furthermore,
heterogeneity was moderate to high, with an I2 of 73% (p < 0.01).
Intramedullary fixation with TEN nails and Kirschner wires presents
a diversity of clinical outcomes and complications. The systematic
review highlighted the importance of choosing the appropriate
treatment method, considering the patient characteristics and the
nature of the fracture. Level of Evidence II; Systematic Review.

Keywords: Fractures, bone; Forearm; Child; Orthopedic Proce-
dures; Therapeutics; Postoperative Complications.

RESUMO

Comparar os desfechos clinicos de criangas com fraturas dos 0Ssos
do antebrago submetidas ao tratamento cirdrgico fixag&o intramedular
com hastes de TEN e fios de Kirschner. Realizou-se uma revisao siste-
matica da literatura, conduzindo a busca de dados nas bases Pubmed)/
Medline, Science Direct e Scielo. A qualidade dos ensaios foi avaliada
pela ferramenta MINORS e a meta-analise dos estudos foi realizada
utilizando o software R (versao 4.4.0). 16 estudos foram selecionados,
representando 1.075 pacientes, com predominancia do sexo masculino,
onde faixa etaria média variou de 8,32 a 14,2 anos. Aplicando a Escala
MINORS, obteve-se que a qualidade dos estudos foi considerada boa
(= 11). Ameta-anélise dos estudos revelou em relagdo aos efeitos adversos
0 aumento estatisticamente significativo no risco de eventos adversos
no grupo experimental comparado ao controle, com uma razao de risco
(RR) de 1,35 (IC 95%: 1,03 a 1,76). O tempo de cirurgia demonstrou que a
diferenca de média combinada (média crua) entre o grupo experimental e
0 grupo controle foi de -12,42 minutos (IC 95%: -13,75 a-11,10) no modelo
de efeito fixo, indicando uma redugéo significativa no tempo de cirurgia
para 0 grupo experimental. Ja no modelo de efeito aleatorio, a diferenca
de média foi de -21,62 minutos (IC 95%: -33,30 a -9,94). No tempo de
consolidagao da fratura verificou-se que o modelo de efeito fixo indicou
uma diferenca de média crua de 0,99 (IC 95%: 0,61 a 1,36). Além disso,
a heterogeneidade foi moderada a alta, com um I2 de 73% (p < 0,01).
A fixaggo intramedular com haste TEN e fios de Kirschner, apresenta
diferentes desfechos clinicos, incluindo complicagdes diversas. A revisdo
sistematica destacou a importancia da escolha adequada do método de
tratamento, considerando as caracteristicas do paciente e a natureza da
fratura. Nivel de Evidéncia Il; Revisao Sistematica.

Descritores: Fraturas Osseas; Antebraco; Crianca; Procedimentos
Ortopédicos, Terapéutica; Complicacées Pds-Operatorias.
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INTRODUCTION

Diaphyseal forearm fractures are frequent in children and ado-
lescents, representing 74% of all immature skeletal injuries of the
upper limb."! This type of trauma encompasses a variety of injury
patterns, including isolated radial shaft fractures, isolated ulnar shaft
fractures, fractures of both forearm bones, as well as Galeazzi and
Monteggia fracture-dislocations.?3 Although less common than
distal radius fractures, diaphyseal forearm fractures still represent
a significant challenge for orthopedic surgeons.®% While the distal
forearm is the most common fracture site, standardized treatment
and follow-up protocols for these injuries are not yet established.®”
While the distal forearm is the most common fracture site, stan-
dardized treatment and follow-up protocols for these injuries are
not yet established.®

In the management of pediatric forearm fractures, closed reduction
followed by cast immobilization is considered the gold standard.*’
However, there has been a growing trend toward surgical stabili-
zation of diaphyseal fractures. Overall, the evidence suggests that
surgery should be reserved for cases in which satisfactory alignment
cannot be achieved through closed reductions.® In certain pediatric
fractures, the choice between conservative and surgical treatment
has been influenced by several factors, including technological
advances, the availability of imaging equipment in operating rooms,
safer anesthesia, improved implants specifically designed for the
pediatric skeleton, and the surgical training of orthopedic surgeons
in minimally invasive techniques.®

It is noteworthy that several approaches for treating forearm bone
fractures, including intramedullary fixation (IM) using Kirschner
wires (K-wires) or Titanium Elastic Nails (TEN rods), have emerged
as predominant methods for displaced and unstable diaphyseal
forearm injuries in children.’®"" Nonetheless, it is well recognized
that not all patients are suitable candidates for closed manual
reduction followed by intramedullary fixation.'

Therefore, considering the diversity of aspects related to this topic in
the pediatric population, it is essential to deepen the understanding
of the best available treatment options and to determine their
clinical effectiveness.” Given the lack of consensus regarding
optimal treatment and follow-up protocols for these injuries, we
consider it pertinent to conduct a comparative analysis between
the most common therapeutic options. This investigation aims to
improve clinical practice and provide a scientifically sound basis
for decision-making, thereby optimizing clinical and functional
outcomes for patients with forearm fractures.

In this context, the present study aims primarily to compare the
clinical outcomes of children with forearm fractures who underwent
surgical treatment using TEN rods and Kirschner wires.

MATERIALS AND METHODS

This study presents a systematic review conducted in accordance
with the protocol established by the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses (PRISMA).!

Primary studies were included, such as cross-sectional research, cohort
studies, randomized clinical trials, and case reports, which addressed
treatments for forearm fractures in the pediatric population. No language
restrictions were applied, and studies published in the last five years
were considered. Review studies and duplicates were excluded.
The guiding question was structured according to the PICO ap-
proach, which includes the following elements: the studied pop-
ulation (P), the intervention performed (l), the comparison made
(C), and the outcome assessed (0). The population consisted of
pediatric patients with forearm fractures; the interventions includ-
ed treatments with plaster, intramedullary fixation with TEN rods,
or Kirschner wires, compared with various treatment types; and the
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outcomes included treatment effectiveness, associated complica-
tions, recovery time, and post-treatment functionality. Based on this
strategy, the following research question was formulated: “What
is the effectiveness and what are the associated complications of
different treatments for forearm fractures in children, comparing
plaster, intramedullary TEN rods, and Kirschner wires?”
Searches were conducted from June to July 2024. The databases
used were: Medical Literature Analysis and Retrieval System Online/
National Library of Medicine (MEDLINE®/PubMed®), Science
Direct, and Scientific Electronic Library Online (Scielo). Additional
searches were carried out in the bibliographies of the selected
studies to improve coverage and incorporate studies not initially
identified. In the PubMed database, filters for the last 5 years and
full-text articles were applied. No filters were applied in Scielo.
The descriptors were selected from the Health Sciences Descriptors/
Medical Subject Headings (DeCS/MeSH) in Portuguese and English,
combined using the Boolean operators AND and OR: “fratura do

antebrago em criangas,” “hastes elasticas de titanio,” “fios de
Kirschner,” “gesso” OR “forearm fracture in children,” “titanium
elastic rods,” “Kirschner wires,” “plaster.”

Two researchers independently evaluated all included studies.
Potentially relevant articles were examined in full. Divergences were
discussed among the reviewers and, when necessary, submitted
to a third evaluator.

The assessment of the studies was performed by two independent
evaluators. The quality of the trials was assessed using the MINORS
tool'® for observational studies. Screening involved analysis of
article titles and abstracts, followed by full-text reading of those
deemed relevant (Figure 1). During the search process, data were
meticulously recorded in a spreadsheet and organized into tables
to facilitate analysis.

Meta-analysis of the studies was conducted using R software (ver-
sion 4.4.0) with the meta package. A total of five meta-analyses were
carried out. The first analysis involved binary outcomes (occurrence
or non-occurrence of complications in the treatment and control
groups) in order to evaluate adverse events in patients. (Figure 2)
In addition, three meta-analyses with continuous variables (me-
ta-analysis of continuous outcome data) were conducted, using the
random-effects model. This model allowed us to calculate an overall
mean across all studies that reported the mean and standard error
of continuous variables, such as surgical time, length of hospital
stay, and bone consolidation time, in both the experimental and
control groups. The results of the meta-analysis on surgical time
are presented in Figure 3.

Records identified through database searches (PubMed:
978; Science Direct: 471; Scielo: 26)
Total: 1,475 records

.

Records selected after title and abstract screening
(PubMed: 78; Science Direct: 63)

80 records excluded
for not meeting
inclusion criteria

—

Total: 141 records

l

Full-text articles assessed for eligibility (PubMed:
29; Science Direct: 2)
Total: 61 articles

!

Studies included in the review after critical
appraisal
Total: 16 studies

45 records excluded
after full-text reading

[InclusionI Elegibility ] [ Screening ] [Identification]

Figure 1. Schematic representation of the methods of identification,
screening, eligibility, and inclusion of studies in the review, adapted
according to the PRISMA Flow Diagram.
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Experiment Control

Study Events Total Events Total
Barua et al." 2 20 3 20
Zhu et al.2 4 26 6 30
Guzel et al.3! 4 21 12 57
Freese et al.'® 29 70 12 32
Zheng et al.® 9 48 15 89
Zeybek et al.?? 12 18 18 33
Duran Topak et al.'? 7 34 3 18
De Vitis et al.26 6 23 2 21
Di Giacinto et al.23 7 23 2 20
Dévid et al.3 1 45 3 41
Shihora et al.2! 5 35 1 38
Total Fixed Effect (95% CI) 363 399
Total Random Effect (95% CI)
Prediction Interval
Heterogeneity: /2= 0%, 12 < 0.0001, p = 0.54

Weight Weight
Risk Ratio RR 95% Cl (Fixed) (Random)
067  [012,357]  45% 2.4%
jv: 077  [024,243]  83% 51%
! 090  [0.33;250]  9.6% 6.5%
- 110 [065:187] 24.6% 24.2%
- 111 [053;235] 15.7% 12.0%
e 122 [078:192] 19.0% 33.0%
T 124 [036:421]  59% 45%
T 274 [062,1212]  3.1% 3.0%
e 304 [071:1301]  32% 32%
10 334 [1.00;11.14]  4.7% 46%
¢ 543 [067:4421]  1.4% 1.5%

- 135  [1.03;1.76] 100.0%
126 [0.97;1.63] 100.0%
01 0512 10 : [0.97;1. o

[0.93; 1.70]

Figure 2. Meta-analysis of the binary outcome (adverse events) in patients treated with TEN rods and/or Kirschner wires versus the control group

(other treatments).
Experiment Control
Raw Weight Weight

Study Total Mean SE Total Mean SE Mean Mean 95% Cl (Fixed) (Random)
Barua et al."® 20 4475 6.3800 20 6971 59100 2496 [-28.77,-21.15]  12.0% 13.0%
Duran Topak et al."” 34 5726 131100 18 11566 230200 __ 5840  [-69.91; -46.89] 1.3% 1.7%
Zeybek et al.™® 18 5028 48200 33 5866 58200 838  [11.36,-540]  196% 13.0%
Zhuetal 2 26 4692 55900 30 566 65400 968  [12.86,-650]  17.3% 13.0%
Di Giacinto et al.?® 23 326 11.6000 20 54.8 17.9000 2220 [-31.37;-13.03) 21% 12.2%
Wu etal 7 15 4433 14.9200 11 795 205100 ‘ 3517 [49.45: 20.89] 0.9% 11.0%
Zheng et al.® 48 54 70000 89 61  8.0000 700 (959441  261% 155
Guzel etal *' 21 408 62000 57 5407 46000 i

- . o, 0/ 0,
Total Fixed Effect (95% CI) 205 278 Py 1827 [16.18,-10.36]  207% 13.0%
Total Random Effect (95% Cl) | 1242 137611401 100.0%
T
Prediction Interval 2162  [-33.30; -9.94] 100.0%
o oReV QAN D YW t ]
[-64.39; 21.15]

Heterogeneity: ? = 0%, 12 = 269.9922, p = 0.01

Figure 3. Meta-analysis of continuous outcome (surgical time) in patients treated with TEN rods and/or Kirschner wires versus the control group.

It should be noted that the meta-analysis of hospital stay duration
included only a few studies, since it was necessary to exclude
those that did not provide data to establish a control group. To
address this limitation, an additional meta-analysis was conducted
considering hospital stay across all studies, regardless of whether
results were reported for the control group. In this case, the pro-
cedure followed was a meta-analysis of single means, also using
the random-effects model.

RESULTS

A total of 1,475 articles were initially identified in the search. The
summary of the article selection process is presented in Figure 1.
After evaluation of titles and abstracts, followed by the selection and
detailed analysis of the articles, 16 studies were deemed eligible
to compose this systematic review.

The systematic review followed the PRISMA recommendations,
illustrated in Figure 1.

The studies included in this systematic review consisted of obser-
vational research investigating different treatments for forearm frac-
tures, with emphasis on intramedullary (IM) fixation using Kirschner
wires (K-wires) or Titanium Elastic Nails (TEN rods).

The overall sample comprised approximately 1,075 patients, with a
predominance of male participants across all studies. The mean age
range of participants varied from 8.32 to 14.2 years, with a greater
proportion of studies focused on children. The methodological
characteristics of the selected studies are detailed in Table 1.
The studies investigated different treatment methods, including
plate osteosynthesis (PO), Titanium Elastic Nails (TEN rods), a
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combination of TEN rods and Kirschner wires (TENK), open reduc-
tion and internal fixation with plate and screws (ORIF), plate—screw
fixation (FPP), hybrid fixation (FH), conservative treatment with splint
and cast (CO), double-plate fixation (FPD), intramedullary fixation
with Kirschner wires (FK), and Epibloc system fixation (FES). Fol-
low-up duration varied across studies, providing a comprehensive
view of the effectiveness and complications associated with each
treatment method. Complications observed in the included studies
are summarized in Table 2.

Regarding methodological quality, all studies assessed with the
MINORS Scale were rated as good,'®3" each scoring 11 points or
higher in the overall assessment, as shown in Table 3.

Given this scenario, the meta-analyses focused specifically on
changes in the following clinical parameters:

» Adverse events: The analysis of adverse events, based on eleven
included studies'®-3' comparing the risk of adverse events between
the experimental group (TEN rods and/or Kirschner wires) and the
control group (other treatments), indicated a statistically significant
increase in risk in the experimental group, with a risk ratio (RR) of
1.35 (95% ClI: 1.03 to 1.76). This suggests that participants in the
experimental group had a 35% higher risk of experiencing adverse
events than those in the control group. Moreover, there was no
evidence of significant heterogeneity across studies (12 = 0%,
p = 0.54), indicating consistent results among the studies. (Figure 2)
 Surgical time: Pooling surgical time reported by eight stud-
ies!617192223.27.29 that compared operative duration between the
experimental and control groups showed a combined mean dif-
ference (raw mean) of —12.42 minutes (95% CI: —13.75 to —11.10)
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Table 1. Summary of demographic data and treatments across all included studies.

Author/Year Study Type Intervention Groups Sex (M/F) Age (years) Follow-up (months)
) =PO: 1095 + 2.35
16 . . . . . . . . 0 . . :
Barua et al. Retrospective PO: 20 = TEN: 20 PO: 14/6 = TEN: 14/6 TEN: 10.40 = 2 41 PO: NR = TEN: NR
. =P0O:13.66 1.45-
17 - PO: 18 = TEN: - PO: - TEN: - PO: - TEN:
Duran Topak etal."” | Retrospective PO: 18 = TEN: 34 PO: 17/1 = TEN: 28/6 TEN: 1173 1.60 PO: 29.55 = TEN: 30.85
Freese etal. Retrospective = TENK: 70 = ORIF: 32 = TENK: 44/26 = ORIF: 22/10 = TENK: 12.1 = ORIF: 14.2 = TENK: 6 = ORIF: 3.3
. . =FPP:11.00 2.26 = TEN:
Zeybek, Akti etal.’® | Retrospective FPP:19 = TEN: 18 = FH: 14 [= FPP: 8/11 = TEN: 8/10 = FH: 5/9 1041 237+FH-857 224 FPP:6=TEN:6=FH: 6
Soudy et al.2° Prospective = TEN: 18 = TEN: 13/5 = TEN: 8.88 = TEN: 6
Shihora etal2' | Cross-sectional = TEN: 35-CO: 38 = TEN + CO: 40/33 = TEN + CO: 8.32 = TEN + CO: 6
. = FPD: 13.33 1.54 =
2 « FPD: 30 = FH: - FPD: « FH: - FPD: 8 = FH:
Zhu et al. Prospective FPD: 30 = FH: 26 FPD: 15/15 = FH: 15/11 FH- 1327 164 FPD:8=FH:8
A . =FK:12.86 0.64 =
23 “FK- 92 » . « EK- B . « FK- . .
Di Giacinto et al. Retrospective FK: 23 = ORIF: 20 FK: 15/8 = ORIF: 13/7 ORIF:13.02 177 FK: 16.86 = ORIF: 16.37
Jainetal Retrospective = TEN: 65 = TEN: 40/25 = TEN:9.13 = TEN: 5.84
Pogoreli¢ etal.®® | Retrospective = TEN: 173 = TEN: 126/47 = TEN: 11.0 = TEN: 68
De Vitis et al.?® Retrospective = FES: 21 = FK: 23 = FES: 16/5 = FK: 18/5 =FES:84 16+FK:85 1.7 =FES:34+=FK: 24
Wuetal. Case-control = TEN: 15 = FK: 11 = TEN: 10/5 = FK: 9/2 =TEN:7.7 2.0=FK:64 16 = TEN: 14 = FK: 14
Acharya etal.® | Retrospective = IM: 31 = IM: 22/9 = IM: 12.90 = [M: 8.51
. ) = ESIN: 30/18 = FPD: =ESIN: 135 19-FPD: 134 = ESIN: 14.8 = FPD:
29 . 48 « FPD: 44 = .
Zhengetal® | Retrospective |+ ESIN: 48 » FPD: 44 = Hybrid: 45| o0 0q | g og17 1.9~ Hybrid: 132 2.1 14.9 = Hybrid: 15.0
Dévid et al.*° Retrospective = ESIN: 45 = RESIN: 41 = ESIN: 29/16 = RESIN: 31/10 = ESIN: 10.4 - RESIN: 8.4 = ESIN: NR = RESIN: NR
=TEN: 108 2.2=HF:
. = TEN: 21 = HF: 19 = TEN: 11/10 = HF: 11/8 = =TEN: 12=HF: 12 =
31 = |- .
Guzeletal.™ | Retrospectve | . 20« FrD: 18 HKW: 9/11 « FPD: 10/8 e gl e HKW: 12 + FPD: 12

Legend: PO: plate osteosynthesis (plating); TEN: Titanium Elastic Nail (TEN rods); TENK: TEN rods + Kirschner wires; ORIF: open reduction and internal fixation with plate and screws; NR: not
reported; FPP: plate—screw fixation; FH: hybrid fixation using elastic intramedullary fixation + plate—screw fixation; CO: conservative treatment with splint and cast; FPD: double-plate fixation (dual
plating); FK: intramedullary fixation with Kirschner wires (K-wires); FES: Epibloc system fixation; IM: flexible intramedullary rod; ESIN: elastic stable intramedullary nailing (ESIN); Hybrid: ESIN for the
radius and plate—screw fixation for the ulna; HIT: titanium intramedullary rod; RESIN: resorbable intramedullary rod; HF: hybrid fixation; I-KW: intramedullary Kirschner wire.

Table 2. Summary of complications/adverse events of the treatments reported in the evaluated studies.

Author/Year

Complications/Adverse Events

Barua et al.’

Infections, transient neuropraxia.

Duran Topak etal."”

Surgical site infection, refracture, pin entry irritation, hypertrophic scar.

Freese etal.’®

Wound dehiscence, superficial infection, difficulty removing ulnar rod, finger flexion contracture, transient neuropraxia, implant migration.

Zeybek et al.”®

Superficial infection, soft-tissue irritation, pseudoarthrosis, delayed union.

Soudy et al.®

Superficial infection, superficial radial nerve injury, residual nonunion of the radius.

Shihora et al.?'

Elbow stiffness, hypertrophic scar, superficial infection, malunion.

Zhuetal.? Refracture, nonunion of the radius, superficial infection.
Di Giacinto et al.2 Refracture, malunion, nonunion, superficial infection.
Jainetal? Superficial infection, nonunion, delayed union, refracture.

Pogoreli¢ et al.?s

Skin irritation, refracture, pseudoarthrosis.

De Vitis et al.?8

Skin irritation.

Wu etal.?”

NR (not reported).

Acharya et al.28

Skin irritation over prominent ulnar nail, superficial infection at nail entry site, ulnar nail backout.

Zheng etal.®

Superficial infection, superficial radial nerve palsy, soft-tissue irritation, refracture, nonunion.

Déavid et al.®

Re-displacement, irritation, skin perforation, superficial radial nerve injury.

Guzel etal.®

Superficial infection, soft-tissue irritation, refracture, pseudoarthrosis.

Among the most frequent complications, we observed superficial infections. Other common events included refractures, transient neuropraxia, skin irritation, and hypertrophic scarring, underscoring
the variability in patient responses to different treatment methods. More severe complications—such as pseudoarthrosis, malunion, and nonunion—were also reported.

under the fixed-effect model, indicating a significant reduction in
surgical time for the experimental group. Under the random-effects
model, the mean difference was —21.62 minutes (95% Cl: —33.30
to —9.94), likewise indicating a significant reduction but with great-
er between-study variability. In addition, heterogeneity was high
(12 =95%, p < 0.01), indicating substantial variability across indi-
vidual study results. (Figure 3)

These results suggest that, on average, the TEN-rod and/or
Kirschner-wire group showed a significant reduction in surgical
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time compared with other treatments. However, the high hetero-
geneity among the studies indicates that these results may vary
substantially depending on the specific characteristics of each
study, such as differences in surgical protocols, surgeon experience,
or patient-related variables.

* Length of Stay: The meta-analysis pooled the results of three
studies'®'”?” that compared hospital length of stay between the
experimental and control groups and showed that the combined
mean difference between the experimental and control groups
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Table 3. MINORS Scale: 0 (not reported), 1 (reported but inadequate), or 2 (reported and adequate). The quality of each included study was defined

based on the total score as poor (<5), fair (6-10), or good (=11).

Clearly stated Inclusmn. of Prospective data| Appropriate Unbiased Adequate Loss to follow- ProspeF five Total Study

Study aim (a) consecutive collection (¢) | endpoints (d) assessment of follow-up up <5% (g) calculation of score ualit
patients (b) P study endpoint (e) |  period (f) P9 study size (h) quallty

Barua et al.® 2 2/n=40 1 2 0 2 2 0 11 Good
D“’:t"alT?fak 2 2/n=52 1 2 0 2 2 0 11 Good
Freese etal.® 2 2/n=102 1 2 0 2 2 0 11 Good
Ze’;ﬁ'ﬁﬁm' 2 2/n=51 1 2 0 2 2 0 11 Good
Soudy et al.?0 2 2/n=18 2 2 0 0 12 Good
Shihora et al.?! 2 2/n=73 2 2 0 2 2 0 12 Good
Zhuetal.? 2 2/n=56 2 2 0 0 12 Good
D'j':ﬁ?m 2 2/n=43 1 2 0 2 2 0 11 Good
Jain et al.** 2 2/n=65 1 2 0 2 2 0 11 Good
PZ?‘;TZL'C 2 2/n=173 1 2 0 2 2 0 11 Good
De Vitis et al.?8 2 2/n=44 1 2 0 2 2 0 11 Good
Wuetal? 2 2/n=26 2 2 0 2 2 0 12 Good
Acharya et al.? 2 2/n=31 1 2 0 2 2 0 11 Good
Zheng et al.® 2 2/n=137 1 2 0 2 2 0 11 Good
Dévid et al.*® 2 2/n=86 1 2 0 2 2 0 11 Good
Guzel et al.®" 2 2/n=78 1 2 0 2 2 0 11 Good
was —1.79 days (95% Cl: —2.20to —1.37) in the fixed-effect model, DISCUSSION

suggesting a significant reduction in length of stay for the experi-
mental group compared with the control.

Furthermore, heterogeneity among the studies was high, with
[2=93% (p < 0.01), indicating substantial variability across study re-
sults. Overall, the findings indicate that, on average, the experimental
group experienced a significant reduction in hospital length of stay
compared with the control group. However, the high heterogeneity
suggests that the effects may vary significantly between studies,
which may be related to differences in clinical context, interventions
performed, or patient characteristics.

In the additional analysis performed to evaluate hospital length of
stay regardless of the control group, five studies'®2+2527 comprising
a total of 307 patients were included. The common-effect model
indicated a combined mean of 3.46 days (95% CI: 3.36 to 3.56),
suggesting a similar average length of stay across the included
studies. Heterogeneity was high, with an 12 of 100% (p < 0.01),
indicating substantial variability among the studies. The 12 value of
2.9467 reflects this high heterogeneity, possibly due to differences
in inclusion criteria, interventions, or study populations.

* Fracture Consolidation (union) Time: The analysis included six
studies'19222931 that compared the experimental and control groups
regarding fracture union time. The fixed-effect model indicated a
raw mean difference of 0.99 (95% CI: 0.61 to 1.36), suggesting that
the experimental group had a longer recovery/consolidation time
compared with the control group, with a statistically significant effect.
Moreover, heterogeneity was moderate to high, with an 12 of 73% (p
< 0.01), indicating substantial variability among the included studies.
These findings suggest that the experimental group, on average, had
alonger consolidation time than the control group, particularly when
the fixed-effect model is considered. However, the random-effect
model, coupled with high heterogeneity, demonstrates considerable
uncertainty, meaning that results may vary substantially across
studies. The interpretation of these findings should therefore take
into account these variations and the possibility that the observed
effects may not be consistent across different clinical settings.
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A comprehensive analysis of the literature indicated that most diaph-
yseal forearm fractures in children can be managed non-surgically
through cast immobilization, a method that has shown excellent
outcomes.®?33 However, fractures not eligible for conservative
treatment generally require surgical intervention. Despite the strong
theoretical basis supporting these concepts, there is still no global
consensus on the best treatment strategy, particularly for unstable
fractures, where surgical fixation is considered indispensable.®
From this perspective, the aim of this systematic review was to
compare the clinical outcomes of children with forearm fractures
who underwent surgical treatment with intramedullary fixation using
TEN rods and Kirschner wires.

The analysis of the included studies revealed significant variabil-
ity in clinical outcomes among the different treatment methods.
Some studies highlighted the advantages of TEN, reporting a lower
complication rate and faster recovery, while others suggested that
K-wires might provide greater stability for certain types of fractures.
These discrepancies underscore the need for a careful evaluation
of treatment systems, considering the individual characteristics of
each patient and the nature of the fracture.

Our data showed a predominance of male participants, a finding
consistent across all studies, reflecting a higher incidence of trauma
in this population. Furthermore, the mean age of participants ranged
from 8.32 to 14.2 years, indicating a wide age distribution within
the study groups and, therefore, relevant diversity in treatment
responses depending on age.

The evaluated studies demonstrated differences in preferences
and treatment outcomes. For instance, Barua et al.'® reported
that TEN fixation significantly reduced surgical time compared to
plate osteosynthesis. Similarly, Duran Topak et al.'” corroborated
these findings, observing that TEN rods provided a shorter fracture
consolidation time, although no significant differences were noted
in functional outcomes or complication rates between TEN and
PO. Soudy et al.?% also emphasized that TEN is safe and effective
for forearm fractures, with most patients achieving good functional
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results. Likewise, Wu et al.?” and Acharya et al.?® found that TEN
offers advantages such as shorter operative time and reduced
fluoroscopic exposure compared to the use of K-wires.

Despite the benefits of TEN, some comparative studies have re-
ported divergent outcomes. Freese et al.'® found that intramedullary
fixation (IMN), which includes the use of TEN, was associated
with a significantly higher complication rate and greater need for
reoperations compared to plate osteosynthesis (PO).

Hybrid fixation, which combines TEN rods with plate—screw fixation,
demonstrated distinct advantages. Zeybek and Akti'® observed
that hybrid fixation resulted in shorter incision length and reduced
operative time compared to PO, while providing an effective com-
bination of the benefits of both techniques. Similarly, Guzel et al.®'
confirmed that this strategy offered a good balance between surgical
duration, blood loss, and immobilization time.

The plate—screw fixation (PO) technique was investigated by De
Vitis et al.,?® who found it to be safe and effective for the treatment
of distal forearm fractures, providing superior functional outcomes
with minimal need for postoperative rehabilitation compared to
fixation with K-wires and casting.

Hybrid fixation, according to Zheng et al.,?® also demonstrated
advantages over double-plate fixation, including shorter surgical
times, reduced blood loss, and faster union rates for the ulna.
However, Zhu et al.?2 and David et al.3° noted that hybrid fixation
and resorbable intramedullary rod techniques, although effective
and associated with lower complication rates, still require further
studies to validate their long-term efficacy.

Shihora et al.?" reported that cast immobilization achieved a higher
bone union rate compared to TEN fixation. However, TEN fixation was
effective when conservative treatment alone was insufficient. In the
study by Di Giacinto et al.?® although K-wire fixation demonstrated
faster bone union, plate—screw fixation (PO) was associated with
fewer complications. Regarding complication rates, Jain et al.?*
reported an overall complication rate of 41.5% with TEN fixation,
emphasizing that cases requiring open reduction showed more
complications, despite most patients achieving good to excellent
functional outcomes. According to Pogoreli¢ et al.?® intramedullary
fixation with titanium elastic rods demonstrated a relatively low com-
plication rate, and most patients achieved complete radiographic
healing within an average of 6.8 weeks.

Given this context, the choice of technique for treating double diaphy-
seal forearm fractures should weigh several factors, including patient
age, fracture severity, and surgeon experience. TEN is effective,
offering advantages in operative time and recovery, but it may be
associated with higher complication rates and reoperation needs when
compared with open reduction and internal fixation. Hybrid fixation
appears to be a promising alternative, combining the benefits of TEN
and plate—screw fixation (PO), with favorable operative characteristics.
Further studies are needed to confirm the effectiveness of techniques
such as resorbable intramedullary rods and hybrid fixation, particularly
with respect to long-term outcomes and complication rates.

Our analysis of complications revealed a wide range of adverse
events associated with different surgical treatments for pediatric
forearm fractures. Among the most frequently reported, superficial
infections stand out as a recurrent issue—cited by Duran Topak
et al'” Freese et al.'® Soudy et al.?° and others. Although treatable,
such infections can prolong recovery and increase patient discom-
fort, often requiring additional interventions.

Beyond infections, refractures and transient neurapraxia were also
commonly observed. Refractures were reported by Duran Topak
et al.'” Di Giacinto et al.?® Guzel et al.?! e Zhu et al.?®> whereas
transient neurapraxia was documented by Barua et al.'® and Freese
et al.'® Even when transient, neurapraxia can impact limb function
and warrants continuous monitoring.
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Studies by Zeybek e Akti'® and Pogoreli¢ et al.?® highlighted oc-
currences of pseudarthrosis and malunion—serious complica-
tions that impair bone consolidation and may necessitate further
surgery. Pseudarthrosis, in particular, is worrisome because it
signals failed bone healing, prolongs recovery, and can require
additional treatment.

There was agreement across several studies regarding the prev-
alence of these complications; however, some discrepancies
emerged. While Freese et al.'® reported issues such as difficult
removal of the ulnar rod and implant migration, these were not
mentioned by other authors, suggesting that such problems may
be linked to technical particulars or surgeon experience. In addition,
Acharya et al.?® described a more specific complication—skin
irritation over a prominent ulnar nail—not reported elsewhere,
possibly reflecting differences in surgical technique or approach.
Taken together, these variations underscore the need to individualize
treatment and ensure rigorous postoperative follow-up to prevent
and manage adverse events effectively. The choice of surgical
method should consider not only fracture management efficacy
but also each technique’s complication profile, with the goal of
minimizing risks and optimizing patient recovery.

CONCLUSIONS

Trial quality, assessed with the MINORS tool, was rated good.
The meta-analysis for adverse events showed a statistically sig-
nificant increase in risk in the experimental group compared with
controls, indicating that participants in the experimental group were
more likely to experience adverse events; no significant heteroge-
neity was identified across studies.

Regarding operative time, the pooled (raw) mean difference between
the experimental and control groups was —12.42 minutes under
the fixed-effect model, indicating a significant reduction in surgical
time for the experimental group. Under the random-effects model,
the mean difference was —21.62 minutes, likewise indicating a
significant reduction but with greater between-study variability.
For length of stay, there was a significant reduction favoring the
experimental group versus controls.

The meta-analysis also showed that, for fracture consolidation, the
experimental group had a longer recovery/consolidation time than
the control group, with a statistically significant effect. However, the
random-effects analysis, together with high heterogeneity, indicates
considerable uncertainty—i.e., results may vary markedly across
studies. Interpretation should therefore account for this variability and
the possibility that effects are not consistent across clinical settings.
Conservative cast treatment is broadly effective for stable, simple
fractures, yielding excellent outcomes with relatively low complication
rates. In unstable or complex fractures, however, surgery becomes
indispensable.

Among surgical techniques, elastic intramedullary fixation with TEN
rods offers important advantages—faster recovery and shorter oper-
ative time—and is particularly effective when conservative treatment
fails. Nonetheless, TEN is associated with complications such as
reoperations and refractures, and with higher overall complication
rates compared with plate-and-screw osteosynthesis. Kirschner
wires (K-wires) can achieve rapid union, but they carry higher risks
of complications, including infections and transient neurapraxia.
Accordingly, the choice between surgical and conservative man-
agement should be individualized based on fracture characteristics,
patient age, and surgeon experience, carefully weighing each
method’s risk-benefit and complication profile. Further long-term
studies are needed to confirm functional outcomes and complication
patterns, especially for emerging techniques such as hybrid fixation
and resorbable intramedullary rods.

Page 60of 7

<< SUMARIO



AUTHOR’S CONTRIBUTION: Each author contributed individually and significantly to the development of this article. APC: writing, research, data analysis,
and interpretation; ETR: writing, research, data analysis, and interpretation; HAHN: intellectual concept of the article and final approval of the version of the
manuscript to be published; MAF: intellectual concept of the article and final approval of the version of the manuscript to be published; ETD: article review,
intellectual concept of the article, and final approval of the version of the manuscript to be published.

REFERENCES

1.

Korup LR, Larsen P, Nanthan KR, Arildsen M, Warming N, Sgrensen S, et al.
Children(]s distal forearm fractures: a population-based epidemiology study of
4,316 fractures. Bone Jt Open. 2022;3(6):448-454. doi: 10.1302/2633-1462.36.
BJO-2022-0040.R1.

Poutoglidou F, Metaxiotis D, Kazas C, Alvanos D, Mpeletsiotis A. Flexible
intramedullary nailing in the treatment of forearm fractures in children and
adolescents, a systematic review. J Orthop. 2020;20:125-130. doi: 10.1016/].
jor.2020.01.002.

Flynn H, Solarz MK, Rehman S. Forearm Fractures: Diagnosis and Contemporary
Treatment Strategies. Instr Course Lect. 2022;71:303-312.

Blallevill D, Benllitl |, [luti T, Bakota B, Dobrill |, Sabalill S, Vidovill D.
Intramedullary nailing of adult forearm fractures: Results and complications.
Injury. 2021;52 Suppl 5:344-348. doi: 10.1016/j.injury.2020.11.012.
Sinikumpu JJ, Nietosvaara Y. Treatment of Distal Forearm Fractures in Children.
Scand J Surg. 2021;110(2):276-280. doi: 10.1177/1457496920983104.
Caruso G, Caldari E, Sturla FD, Caldaria A, Re DL, Pagetti P, Palummieri
F, Massari L. Management of pediatric forearm fractures: what is the best
therapeutic choice? A narrative review of the literature. Musculoskelet Surg.
2021;105(3):225-234. doi: 10.1007/s12306-020-00684-6.

Cunha LAMD, Pontes MDS. Child Fractures: Are We Getting More Surgical?
Rev Bras Ortop (Sao Paulo). 2022;58(2):191-198. doi: 10.1055/s-0042-1748815.
Soerensen S, Larsen P, Korup LR, Ceccotti AA, Larsen MB, Filtenborg JT, et
al. Epidemiology of Distal Forearm Fracture: A Population-Based Study of 5426
Fractures. Hand (N ). 2024;19(1):24-29. doi: 10.1177/15589447221109967.
Prommersberger KJ, Schmitt R. Special aspects of fractures of the distal forearm.
Radiologe. 2020;60(7):591-600. German. doi: 10.1007/s00117-020-00689-z.

. Takeda S, Mitsuya S, Iwatsuki K, Mitsuya M, Yamauchi Kl, Hirata H. An intraopera-

tive small distractor for non-open reduction and intramedullary fixation of pediatric
displaced diaphyseal forearm fractures. Nagoya J Med Sci. 2021;83(3):635-640.
doi: 10.18999/nagjms.83.3.635.

. Adam O, David VL, Horhat FG, Boia ES. Cost-Effectiveness of Titanium Elastic

Nail (TEN) in the Treatment of Forearm Fractures in Children. Medicina (Kaunas).
2020;56(2):79. doi: 10.3390/medicina56020079.

. Caruso G, Caldari E, Sturla FD, Caldaria A, Re DL, Pagetti P, Palummieri

F, Massari L. Management of pediatric forearm fractures: what is the best
therapeutic choice? A narrative review of the literature. Musculoskelet Surg.
2021;105(3):225-234. doi: 10.1007/s12306-020-00684-6.

. Gong M, Wang H, Jiang X, Liu Y, Zhou J. The diagnosis and treatment in patients

with a bipolar fracture-dislocation of the forearm: a retrospective study. J Orthop
Surg Res. 2022;17(1):383. doi: 10.1186/s13018-022-03278-z.

. Page MJ, McKenzie JE, Bossuyt PM, Boutron |, Hoffmann TC, Mulrow CD, et

al. The PRISMA 2020 statement: An updated guideline for reporting systematic
reviews. PLoS Med. 2021;18(3):¢1003583. doi: 10.1371/journal.pmed.1003583.

. Slim K, Nini E, Forestier D, Kwiatkowski F, Panis Y, Chipponi J. Methodological in-

dex for non-randomized studies (minors): development and validation of a new in-
strument. ANZ J Surg. 2003;73(9):712-6. doi: 10.1046/j.1445-2197.2003.02748 .

. Barua DS, Joon A, Vaisakh A, Shirdinayak TS, Hari KNG. Comparing titanium

elastic nailing and plate osteosynthesis in treating both bone diaphyseal frac-
tures of forearm in children. Int J Res Orthop 2021;7:1117-21. doi: 10.18203/
issn.2455-4510.IntJResOrthop20214176

. Topak D, Do’ ar F, Yildiz M, Bilal O, [1aki O, Ekici E. Comparison of two different

surgical treatments of forearm double diaphysis fractures in adolescents. Ann
Clin Anal Med 2020;11(5):457-461. doi: https://doi.org/10.4328/ACAM.20253.

. Freese KP, Faulk LW, Palmer C, Baschal RM, Sibbel SE. A comparison of fixa-

tion methods in adolescent patients with diaphyseal forearm fractures. Injury.
2018;49(11):2053-2057. doi: 10.1016/}.injury.2018.08.023.

Page 7 of 7

19.

20.

2

-

22.

23.

24.

25.

26.

27.

28.

29.

30.

3

g

32.

33.

Zeybek H, Akti S. Comparison of Three Different Surgical Fixation Techniques in
Pediatric Forearm Double Fractures. Cureus. 2021;13(8):e16931. doi: 10.7759/
cureus.16931.

Soudy E, El Malt A, Mousa M, Shehata E. Operative Treatment of Displaced
Both Bone Forearm Diaphyseal Fractures in Children by Elastic Intramedullary
Nail. The Egyptian Journal of Hospital Medicine. 2022;89(1):5847-5851. doi:
10.21608/ejhm.2022.266658.

. Shihora YB, Somani A, Herode P. Various treatment modalities in fractures

of shaft of radius and ulna in children and associated complications at rural
hospital. Int J Orthop Sci 2021;7(4):840-844. doi: 10.22271/ortho.2021.v7.i41.2977.
Zhu S, Yang D, Gong C, Chen C, Chen L. A novel hybrid fixation versus dual
plating for both-bone forearm fractures in older children: A prospective compara-
tive study. Int J Surg. 2019;70:19-24. doi: 10.1016/j.ijsu.2019.08.002.

Di Giacinto S, Pica G, Stasi A, Scialpi L, Tomarchio A, Galeotti A, et al. The
challenge of the surgical treatment of paediatric distal radius/ forearm fracture: K
wire vs plate fixation - outcomes assessment. Med Glas (Zenica). 2021;18(1):208-
215. doi: 10.17392/1315-21.

Jain S, Mohanachandran J, Mohan R. Outcomes and complications of Titanium
elastic nailing for forearm bones fracture in children: our experience in a district
general hospital in the United Kingdom. Acta Orthop Belg. 2023;89(3):539-546.
doi: 10.52628/89.3.12032.

Pogorelil] Z, Gulin M, Jukil M, BilirTkov AN, Furlan D. Elastic stable intramedul-
lary nailing for treatment of pediatric forearm fractures: A 15-year single centre
retrospective study of 173 cases. Acta Orthop Traumatol Turc. 2020;54(4):378-
384. doi: 10.5152/j.a0tt.2020.19128.

De Vitis R, D[1Orio M, Passiatore M, Perna A, Cilli V, Taccardo G. Elastic stable
intramedullary fixation using epibloc versus crossed kirschner wires fixation
for distal forearm fractures in children: A retrospective analysis. Afr J Paediatr
Surg. 2022;19(3):153-159. doi: 10.4103/ajps.AJPS_178_20.

Wu R, WenY, Wang C, Liu T, Yu J. Elastic stable intramedullary nailing versus
Kirschner wire in the treatment of pediatric metaphyseal-diaphyseal junction
fractures of the distal radius: a case-control study. BMC Musculoskelet Disord.
2023;24(1):922. doi: 10.1186/s12891-023-07055-9.

Acharya BM, Devkota P, Thakur AK, Gyawali B. Intramedullary Flexible Nailing
for Diaphyseal Fractures of Forearm Bones in Children. Rev Bras Ortop (Sao
Paulo). 2019;54(5):503-508. doi: 10.1055/s-0039-1693742.

Zheng W, Tao Z, Chen C, Zhang C, Zhang H, Feng Z, et al. Comparison
of three surgical fixation methods for dual-bone forearm fractures in older
children: A retrospective cohort study. IntJ Surg. 2018;51:10-16. doi: 10.1016/j.
ijsu.2018.01.005.

David AL, Mucsina F, Antal E, Lamberti AG, LIrincz A, Jozsa G. Comparison
of Titanium versus Resorbable Intramedullary Nailing in Pediatric Forearm
Fractures. Children (Basel). 2024;11(8):942. doi: 10.3390/children11080942.

. Guzel I. Comparison of four surgical methods for pediatric forearm double

diaphyseal fractures: a retrospective analysis. Eur Rev Med Pharmacol Sci.
2023;27(19):9058-9066. doi: 10.26355/eurrev_202310_33931.

Poutoglidou F, Metaxiotis D, Kazas C, Alvanos D, Mpeletsiotis A. Flexible
intramedullary nailing in the treatment of forearm fractures in children and
adolescents, a systematic review. J Orthop. 2020;20:125-130. doi: 10.1016/j.
jor.2020.01.002.

Mmerem K, Beeharry MW. Clinical and Radiological Outcomes of Paediatric
Forearm Fractures of the Radius and Ulna Following Fixation by Intramedul-
lary Nailing or Plating: A Systematic Review. Cureus. 2023;15(8):e43557. doi:
10.7759/cureus.43557.

Acta Ortop Bras.2025;33(6):€290231

<< SUMARIO



DOI: http://dx.doi.org/10.1590/1413-785220253306€294038

REVIEW ARTICLE

BIOABSORBABLE CAGES IN SPINAL FUSION IN AN ANIMAL
MODEL: A SYSTEMATIC REVIEW AND META-ANALYSIS

CAGES BIOABSORVIVEIS NA FUSAO VERTEBRAL EM UM MODELO
ANIMAL: REVISAO SISTEMATICA E METANALISE

, MARCELO ITALO Risso NETO'
, ALBERTO CLIQUET JUNIOR!

SyLvio MisTrRo NETO'
ANDRE FRAZAO ROSA'

1. Universidade Estadual de C.

, RAFAEL MAGALHAES GRANA'

, MAURICIO COELHO LIMAT ©®,

(UNICAMP), Departamento de Ortopedia R

, Sao Paulo, SP, Brazil.

ABSTRACT

To evaluate the efficacy of bioabsorbable interbody cages in
comparison with conventional techniques in animal models, with
emphasis on the impact of follow-up time on developments. A
systematic review and meta-analysis was performed including 11
studies on the use of bioabsorbable cages in comparison with
conventional techniques. The odds ratio (OR) was calculated
for range of motion (ROM), and heterogeneity was assessed by
Cochran’s Q test. Descriptive statistical analyses and hypothesis
tests were performed to evaluate the parameters of fusion rate,
intervertebral disc height and ROM. The 11 studies included
totaled 244 animals. The analysis revealed a cumulative OR of
1.70 for ROM and fusion rate in the first four months of follow-up.
No significant differences were found in height parameters in
the study follow-ups. Heterogeneity among studies was low,
indicating consistency in the results. The analysis suggests that
bioabsorbable cages have advantages in periods of less than four
months, and that there is no inferiority in the results in follow-up
periods longer than four months in terms of fusion rate, ROM
and intervertebral height in long-term experimental studies, and
further research is needed to determine their clinical applicability.
Level of Evidence II; Systematic meta-analytical review of
non-randomized controlled clinical studies whose results
were homogeneous.

Keywords: Arthrodesis; Spinal Fusion; Absorbable Implants;
Meta-Analysis; Models, Animal.

RESUMO

Avaliar a eficacia através do desempenho biomecanico e clinico dos
dispositivos intersomaticos bioabsorviveis na fusao intervertebral em
comparagdo com técnicas convencionais em modelos animais, com
énfase no impacto do tempo de acompanhamento sobre 0s desfechos.
Realizou-se uma revisao sistematica e metanalise com a incluséo de 11
estudos sobre o uso de dispositivos bioabsorviveis em fuséo intersomatica
vertebral, em comparagdo com 0s implantes mais comumente usados
na rotina da cirurgia de coluna. A Odds Ratio (OR) foi calculada para a
amplitude do movimento (ROM), e a heterogeneidade foi avaliada pelo
teste Q de Cochran. Analises estatisticas descritivas e testes de hipdteses
foram realizados para avaliar os parametros taxa de fuséo, altura discal
intervertebral e ROM. Os 11 estudos incluidos somaram 244 animais. A
analise revelou uma OR acumulada de 1,70 para ROM e taxa de fuséo,
nos primeiros quatro meses de seguimento. Nao foram encontradas
diferencas significativas nos parametros de altura nos sequimentos
dos estudos. A heterogeneidade entre 0s estudos foi baixa, indicando
consisténcia nos resultados. A analise sugere que os cages bioabsorviveis
apresentam vantagens em periodos de acompanhamento inferiores a
quatro meses, e que ndo ha inferioridade nos resultados em periodos
de acompanhamento maiores que quatro meses em termos de taxa de
fuséo, identificadas pela ROM e altura intervertebral. Nivel de Evidéncia
II: Revisao sistematica metanalitica de estudos clinicos controlados
néo randomizados cujos resultados foram homogéneos.

Descritores: Artrodese; Fusao Intervertebral; Implantes Absorviveis;
Meta-Analise; Modelo Animal.

Citation: Mistro Neto S, Risso Neto MI, Grana RM, Lima MC, Rosa AF, Cliquet Junior A. Bioabsorbable cages in spinal fusion in an animal model: a
systematic review and meta-analysis. Acta Ortop Bras. [online]. 2025;33(6) Esp.: Page 1 of 7. Available from URL: http://www.scielo.br/aob.

INTRODUCTION

The treatment of spinal pathologies with interbody fusion
(arthrodesis), with or without decompression, plays a crucial and
well-established role in degenerative, traumatic, infectious, and
tumor conditions."*

The first reports of spinal arthrodesis date back to the early
20th century, in studies by Fred Albee,®in which arthrodesis
was achieved after slices of tibia were positioned and sutured
between spinous processes, and by Russel Hibbs,® in which fusion
was achieved without the use of grafts, through osteotomy and
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subsequent approximation of the spinous process to the vertebral
lamina.®” In 1933, Burns® performed the anterior interbody fusion
procedure for the treatment of lumbar spondylolisthesis using
a structured tibial graft, and later, in the 1950s, Hodgson® and
Stock'® described interbody arthrodesis via anterior access for
the treatment of tuberculosis.

In the cervical spine, anterior arthrodesis with discectomy became
the gold standard for the treatment of several pathologies, including
degenerative disc disease, myelopathies, and traumatic injuries.
This technique has evolved since the descriptions by Cloward"
and Smith and Robinson'? in the 1950s.

Advances in fixation techniques followed with the development of
Lugue’s sublaminar wiring'® and later with Judet™ e and Roy-Camille
et al.,'® who elaborated and disseminated spinal fixation through
pedicle screws. The evolution of transpedicular screw fixation
continued with more versatile and robust systems applicable to the
treatment of deformities, trauma, and degenerative conditions, with
historical highlights including Margerl's internal fixation system!®
and Cotrel et al.'s deformity system.!”

In parallel with the development of fixation implants, interbody
devices—or “cages’—were also introduced.'®2°

The use of these devices has become very common in spinal fusion
surgery, consisting of implanting a support in the intervertebral
space with an inner cavity to be filled with graft material !

The initial presentation was by Bagby?? in 1988, who, in studies
on horses with cervical spondylotic myelopathy, developed a
cylindrical steel interbody device with an internal space to be filled
with graft material, which was then press-fit into the intervertebral
space—known as the “Bagby Bone Basket.” In the early 1990s,
the technique was expanded and developed in humans, for both
cervical and lumbar spine surgeries.?>2%

These devices possess mechanical properties to withstand com-
pressive loads, provide a large surface area for bone graft placement
to promote fusion, and improve biomechanical stability. They may
also serve as a vehicle for the local delivery of medication to the
surgical site.?19.24.25

Among the available devices, those made of titanium or PEEK
(polyether-ether-ketone) are the most commonly used in spinal
surgery today.26:27

It is well known that interbody devices made of metal, carbon
fiber, or PEEK are non-absorbable materials, which do not allow
for complete biological fusion and remain as foreign bodies in the
host organism. This can lead to foreign body reactions and, not
infrequently, the need for revision surgeries, as well as implant
breakage, migration, subsidence, and other complications.?2¢
Research on the development of an interbody device capable of
overcoming or minimizing the undesirable outcomes of conventional
implants has always been a focus.'

Such a device should provide adequate intervertebral support,
demonstrate appropriate biocompatibility and properties as close
as possible to host bone, be highly permeable to imaging studies,
replace the intervertebral disc or affected area, and promote proper
fusion through the concomitant use of bone grafts.'22

In this context, a potential solution is an interbody device man-
ufactured from bioabsorbable material, which, in addition to the
aforementioned properties, would have the advantage of being
gradually reabsorbed by the organism in a controlled manner.'922:29
The most commonly used bioabsorbable materials are polymers
such as polylactic acid (PLA), poly-L-lactic acid (PLLA), polygly-
colic acid (PGA), and poly-D,L-lactic-co-glycolic acid (PLGA),3%3'
ceramics such as hydroxyapatite (HA), tricalcium phosphate (TCP),
beta-tricalcium phosphate (B-TCP), calcium sulfate, and bioactive
glass,® as well as magnesium (Mg) and its alloys.

Acta Ortop Bras.2025;33(6):€294038

The primary goal of interbody arthrodesis is to eliminate motion at
the operated segment, and its progress can be assessed through
imaging studies.* Outcomes may be evaluated by measuring fusion
rate, range of motion (ROM) of the segment, and intervertebral
disc height.

The present study aims to conduct a systematic review and me-
ta-analysis to assess the performance of bioabsorbable interbody
devices in animal models of interbody fusion, evaluating fusion rate,
intervertebral disc height, and ROM, in comparison with the most
commonly employed implants in routine spine surgery, including
PEEK, titanium, and structured tricortical bone grafts.

METHODOLOGY

A systematic review of the literature was conducted as a secondary
study, following the Cochrane Handbook for Systematic Reviews of
Interventions (version 6.1, 2020) and PRISMA (Preferred Reporting
Items for Systematic Reviews and Meta-Analyses) guidelines.
Studies were identified through systematic searches in electron-
ic databases and research portals, in addition to reference list
analyses, using 10 databases and keywords based on MeSH
descriptors and free terms: Arthrodesis AND (“spine” OR “spine
fusion” OR “spinal fusion”) AND (cage OR interbody device AND
(“absorbable implants” OR (materials OR Material AND (absorbable
OR bioabsorbale OR biodegradable) OR “biodegradable cage”).
Inclusion criteria comprised studies conducted in ovine or caprine
animal models, including randomized or non-randomized clinical
trials, controlled observational studies, or case series, with no
restrictions on year or language. Exclusion criteria included hu-
man or in vitro studies, literature reviews, case reports, interviews,
commentaries, duplicate articles, and those that did not evaluate
arthrodesis outcomes in the cervical or lumbar spine, or were not
published in full, even after attempts to contact the authors for data
retrieval. Outcomes assessed included fusion rate, segmental range
of motion (ROM), and intervertebral disc height.

The systematic search identified 168 articles, distributed across
databases as follows: BVS/BIREME (n = 0), Cochrane (n = 4),
EBSCOhost (n = 1), EMBASE (n = 58), Epistemonikos (n = 2),
ProQuest (n = 1), PubMed PMC (n = 6), PubMed (n = 60), Scopus
(n = 13), and Web of Science (n = 23). These articles were exported
to the reference management programs EndNote and Rayyan,
including titles, abstracts, references, and data sources. Duplicate
studies were automatically removed, resulting in the exclusion of
60 articles and leaving 108 for eligibility screening. After full-text
evaluation, 64 articles were reviewed, and 11 were considered
relevant and selected for data extraction, as shown in Figure 1.
Data extraction began with the independent assessment of titles
and abstracts from the identified studies by two researchers. Full
texts of potentially relevant studies were subsequently retrieved and
independently reviewed by the same researchers. Each researcher
compiled a list of studies considered to meet the predefined in-
clusion and exclusion criteria, using a standardized clinical form
to record exclusion reasons and document the article selection
flow. Lists were compared, and disagreements were resolved by
discussion and consensus; if consensus was not reached, the article
was assessed by a third independent reviewer for final inclusion.
Evidence quality and strength of recommendations were assessed
using the Newcastle-Ottawa Scale (NOS) for non-randomized
methodology studies, case-control, and cohort designs. This scale
evaluates study quality based on a star system, analyzing study
group selection, comparability, and assessment of exposure or
outcome of interest.

Fusion rate and ROM were evaluated using the approach proposed
by Cahill et al.3* while disc height was calculated using the mean of
anterior, middle, and posterior intervertebral space measurements.
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The main endpoint consisted of data analysis obtained from animal
models (ovine or caprine), according to variables observed in
case-control studies. The Odds Ratio (OR) was calculated for ROM,
based on reported results in the selected articles. In addition to
association measures, the Mantel-Haenszel fixed-effect model®®
was applied to assess analytic outcomes. These models consider
the following calculation: Yj (desired effect) = OM + gj (where gj
is the random error of the study, and 6M is the common effect
across all studies).

Heterogeneity was examined using Cochran’s Q test, in which the
null hypothesis states that studies included in the meta-analysis do
not present heterogeneity in relation to randomized analyses and
therapeutic interventions. Effectiveness rates of surgeries, obtained
from hypothesis tests and association measures reported in the
included articles, were analyzed in paired groups of animals treated
and untreated with bioabsorbable interbody devices, according to
the 12index described by Thompson and Higgins.®® According to the
authors, 12 = (Q — df) / Q x 100, where Q is based on Cochran’s
Qtest (Q = Zwi (8i — 0)2), which tests the null hypothesis that the
included studies are homogeneous. Descriptive statistical analyses
of the selected articles were performed, with hypothesis tests
adopting a significance level of 0.05. All statistical analyses were
conducted using JASP software, version 0.19.2 (2024).

Each of the 11 selected studies was assessed based on epide-
miological methodology, risk of sampling bias, applied statistics,
and probabilistic/statistical inference using hypothesis tests (Stu-
dent’s t-test or Mann-Whitney test). The null hypothesis (Ho) of this
study was defined as a statistical parameter whereby the studies
should be heterogeneous, based on mean values greater than 50%
between Mantel-Haenszel and |2 tests, calculated over the geometric
mean and variance of the statistical outcomes of the 11 studies.
Analyses related to disc height were assessed using Pearson’s
correlation coefficient and Student’s t-test, based on time variables
and the use of bioabsorbable interbody devices. Variables such
as ROM and fusion were evaluated together with consolidation
time, with mean differences and confidence intervals assessed by
hypothesis testing based on data parametricity (Student’s t-test),
using an alpha level of 0.05.

RESULTS

After applying the exclusion criteria, 11 articles were included in the
statistical analyses, considering the description of methodologies
applied in paired case-control trials (cases treated with bioabsorb-
able interbody devices and controls treated with conventional tech-
niques—in these studies, bone grafting, PEEK interbody devices,
and titanium interbody devices).

AFigure 1 shows the selection process of the studies that composed
the final sample of this review.

The selected studies showed low heterogeneity when pooled, as
described in Table 1.

Regarding the analytical factors involving performance, we obtained
a pooled OR of 1.70 (Cl 1.27-2.04) for biomechanical analyses
(ROM) and fusion rate up to 4 months of postoperative follow-up,
as presented in Table 2.

In total, the 11 selected studies included 280 animals (mean of 31),
ranging from 10 to 45 subjects. A total of 36 animals were excluded
from the statistical calculations, leaving 244 animals, due to follow-up
periods shorter than 4 months or longer than 12 months, as well
as cases in which animals were retested at different time points,
in order to minimize sampling bias.

The data collection characteristics of each evaluated study are
described in Table 3.

The follow-up time of the groups (mean of eight months) did not
show significant differences regarding fusion rates and ROM,
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Figure 1. Flowchart of the process of identification and exclusion of
articles.

Table 1. Q test and |12 test values for the analysis of studies that evaluated
fusion outcomes, ROM, and disc height, comparing bioabsorbable devices
and conventional techniques between 2002 and 2024.

Qtest

Value of p 1

Coefficient <0.05 <0.05 28%

Table 2. Measures of association (OR) and respective confidence intervals
of the studies analyzed, including sample data for ROM and fusion rate
up to 4 months of follow-up.

Mean of OR to
Number of ROM* and fusion
Number of | . . .
Parameters . eligible animals rate (compared
studies . . . .
in studies with conventional
treatment)
Pooled results 11 244 1.70 (1.27-2.04)
Date of analysis
Between 2002-2004 4 (36.3%) 38 (16.0%) 1.52 (1.01- 2.01)
Between 2004-2024** | 7 (64.7%) 206 (84.0%) 1.89 (1.21- 2.43)

Cl = Confidence Interval (95%). * Values based on flexion, extension, and rotation. ** Larger
sample size and 20-year publication interval between 2004 and 2024.
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Table 3. Data collection and results of hypothesis tests for the difference between incidence rates according to follow-up time for fusion rate and ROM.

n? of animals* Data source Bioabsorbable material** con:::asrlizzr:?*t*i ®) ROM comparison**** (p)
Toth et al. (2002)% 10 Milwaukee, EUA 70-30 D, L-PLA <0.05 <0.05
Wuisman et al. (2002)% 36 Amsterdam, Holanda PLLA <0.05 <0.05
Cahill et al. (2003)%* 12 Tampa, EUA PLA-PGA <0.05 <0.05
Kandziora et al. (2004)% 24 Berlin, Germany PLLA <0.05 <0.05
Daentzer et al. (2014)% 24 Hannover, Germany Mg-PCL <0.05 <0.05
Lietal. (2014)% 24 Xi'an Shaanxi, China PCL-TCP <0.05 <0.05
Lietal. (2015)* 24 Shanghai, China PDLLA <0.05 <0.05
Caoetal. (2017)% 18 Shanghai, China PLA-TCP <0.05 <0.05
Ren et al. (2017)* 24 Lianyungang, China. MAACP-TCP <0.05 <0.05
Xu etal. (2018)* 24 Shanghai, China Mg-Zn <0.05 <0.05
Yang et al (2024)* 24 Shanghai, China Mg-Zn-Nd-Zr <0.05 <0.05

* In the studies addressed, animals considered outliers with respect to time, as well as those evaluated at two different time points, were excluded. ** 70-30 D,L-PLA (poly-D-lactic acid), PLLA
(poly-L-lactic acid), PLA-PGA (polylactic—polyglycolic acid), Mg-PCL (magnesium—polycaprolactone), PCL-TCP (tricalcium phosphate—polycaprolactone), PDLLA (poly-D,L-lactic acid), PLA-TCP
(polylactic acid-tricalcium phosphate), MAACP-TCP (multiamino acid-tricalcium phosphate), Mg-Zn (magnesium-zinc), Mg-Zn-Nd-Zr (magnesium-zinc—neodymium-zirconium). ***Fusion rate
comparison: Bioabsorbable devices vs. conventional devices < 4 months of observation (p-values obtained by Student's t-test). ****ROM comparison: Bioabsorbable devices vs. conventional
devices < 4 months of observation. p-values obtained by Student'’s t-test based on flexion, extension, and rotation.

based on Student’s t-test results (p > 0.05) at time points greater
than 4 months. However, at time points shorter than four months,
bioabsorbable devices showed better performance in fusion rates
and ROM, also based on Student’s t-test (p < 0.05), as shown in
Table 2. Over the total follow-up period, no significant difference was
observed in the final intervertebral disc height, as shown in Figure 2.

Helght millimeters
& o

N

4 8 12

M Biologic [l Convencional

Figure 2. Height in millimeters, compared across 3 time points based
on means and 95% Cls, as observed in the 6 studies analyzed using
Pearson’s regression technique* (R2 = 0.96), p > 0.05 (Student’s t-test)
*Mean of 8.6 mm in cages, with @ maximum reach of 10 mm at 12 months.

Figure 3 presents the Forest Plot combining the studies that per-
formed direct comparisons of ORs, means, and standard deviations
for ROM, and Figure 4 shows the same for fusion rate, based on
studies with paired and controlled groups. These comparisons
between bioabsorbable interbody devices and conventional tech-
niques did not demonstrate significant improvement at follow-up
longer than 4 months.

Figure 4 shows the assessment of intervertebral disc height,
comparing bioabsorbable interbody devices with conventional
devices. This parameter showed no significant difference through-
out the entire follow-up period, with p > 0.05 (Student’s t-test)
and R? = 0.96.

DISCUSSION

The present systematic review and meta-analysis aimed to
evaluate the efficacy of intervertebral fusion techniques in an-
imals using bioabsorbable devices compared with the cages
most commonly employed in spine surgery practice, namely
structured autologous bone alone, PEEK, and metals, particularly
titanium. Studies conducted in sheep and goats are relevant
because the size of the vertebrae and the lamellar bone growth
rate in these animals are comparable to humans, which allows
human surgical techniques and instrumentation to be applied
with ease.*546

Wuisman et al. (2002)%®
Cahill et al. (2003)*
Kandziora et al. (2004)%°
Cao et al. (2017)%
Yang et al. (2024)*
Mean

Biomechanical score - ROM** — mean and standard deviation using the
percentage comparison test* of bioabsorbable devices and

conventional techniques

1.6 (0.9- 3.1)
1.2 (0.5- 2.8)
0.8 (-1.2-2.7)
1.2 (0.6 -2.3)
1.3(0.4-32)

1.22 (0.48- 2.88)

** Score based on flexion—extension movement as proposed by Cahill et a3

Figure 3. Forest plot comparing ROM between bioabsorbable devices and conventional techniques at follow-up > 4 months.
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Wouisman et al. (2002)%®
Cahill et al. (2003)%

Mean

Fusion score — mean and standard deviation using the percentage

comparison test* of bioabsorbable devices and conventional techniques

1.2 (0.4- 2.3)
1.6 (0.3-2.8)
1.4 (0.35- 2.5)

*Histomorphometric analysis based on the percentage of newly formed trabecular bone, following the study by Cahill et al 34
Figure 4. Forest plot comparing fusion rates between bioabsorbable devices and conventional techniques at follow-up > 4 months.

The results of this study demonstrated that bioabsorbable in-
terbody devices performed better with respect to fusion rates
during periods shorter than four months of follow-up; after this
period, the differences between groups were not significant.
In the study by Xu et al.*® it was shown that, for magnesium
interbody devices in sheep subjected to cervical arthrodesis,
no significant results were found for fusion rates after 6 months
of postoperative evaluation. Similar findings were reported
by Kandziora et al.2® who also did not demonstrate improved
fusion rates with cervical interbody devices at 3 months of
follow-up. On the other hand, Lippman et al.®® observed ad-
equate fusion rates at 6 months of cervical arthrodesis with
cages made of poly(L-lactide-co-D,L-lactide)/polyglycolic acid
(PLDLLA/PGA), with faster results depending on the graft
used—in this study, faster with BMP-2. Favorable results for
bioabsorbable devices were also found in the study by Cao
et al,?® in which, after 3 months of follow-up, fusion rates were
higher compared with tricortical bone graft and PEEK devices.
Similar results were reported by Ren et al,*” with higher fusion
rates in cervical arthrodesis using bioabsorbable devices com-
pared with titanium and bone devices at 6 months of follow-up.
This study also showed that range of motion (ROM) outcomes were
superior when using interbody bioabsorbable devices up to the
first 4 months of follow-up compared with traditional techniques,
with a pooled OR of 1.70 in biomechanical analyses. In the study
by Cao et al.® at 3 months of follow-up, bioabsorbable devices
showed significantly lower ROM compared with controls, indicat-
ing greater stability of the fused segment. Conversely, Kandziora
et al.?° did not find improvements in this parameter at 3 months of
postoperative follow-up for cervical arthrodesis in sheep, compared
with tricortical bone.

Regarding intervertebral disc height, Cao et al®® observed a
significant increase in sheep treated with bioabsorbable de-
vices compared with isolated bone grafts, with similar heights
to those treated with PEEK devices at 3 months. This result
was also found in the study by Ren et al.*’ in which, at 3 and 6
months of cervical arthrodesis in sheep, bioabsorbable cages
showed significantly greater final intervertebral height compared
with titanium and bone devices. In our analysis, however, no
significant differences in disc height parameters were observed
over the follow-up period of the included studies. This suggests
that bioabsorbable cages may be effective in promoting bone
fusion, as differences in vertebral height are not clinically relevant
in the short term, while fulfilling their primary role of providing
mechanical support to achieve appropriate segmental fusion in
conjunction with graft material. These findings suggest that, in
shorter periods, the bone response to fusion may be sufficient
to preserve intervertebral height.*8

There are several nuances regarding the use of biocabsorbable
interbody devices. In the study by Toth et al.*® it was discussed
that the benefits of these devices may be limited by factors such
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as material quality and resorption rate, as resorption over time may
affect efficacy due to different local and clinical conditions. Similar
findings were reported in studies by Bostman et al.*>%% and Cahill
et al®! highlighting that the clinical effectiveness of bioabsorbable
cages depends on several factors, including biocompatibility,
resorption rate, and the experimental model used.

In this context, the comparison between bioabsorbable cages and
conventional techniques, as observed in the study by Wuisman
et al.®® indicates that the advantage of biological cages becomes
apparent mainly after an adaptation period, which varies depending
on the follow-up duration across studies.

A possible explanation for the better outcomes observed with
bioabsorbable devices in the early postoperative months lies
in the fact that, during this initial period of bone consolidation,
implants with properties closer to human bone may carry a lower
risk of iatrogenic injuries such as endplate or pedicle fractures—
factors that could compromise consolidation. In later stages of
fusion, implants with characteristics more similar to host bone
reduce the risk of mechanical load deviation caused by more
rigid implants (stress shielding), which can result in subsidence
and fixation failure.%?

Furthermore, the low heterogeneity observed among the selected
studies reinforces the consistency of the results, suggesting that
the techniques used in the included studies were sufficiently
homogeneous to support general conclusions. As Thompson
e Higgins® emphasize, low heterogeneity in meta-analyses
increases confidence in the derived conclusions, especially
when parameters are well defined and data are consistent
across studies.

The results of this meta-analysis suggest that bioabsorbable inter-
body devices, by not showing inferiority to conventional treatments
in interbody spinal arthrodesis in animals, represent a potential
material for incorporation into surgical spine care. These devices
offer the theoretical appeal of lower complication rates compared
with currently used implants, while fulfilling their primary role of
mechanical support, gradually degrading over time, enabling
high-quality imaging follow-up, and promoting bone fusion when
combined with graft material.

Conventional techniques remain the treatment of choice for cervical
spine pathologies requiring intervertebral fusion; however, further
studies with longer follow-up are needed to more clearly define
the advantages of bioabsorbable interbody devices in the clinical
context of human pathology.

Study limitations include variability in cage composition, short
animal follow-up, and, although animal studies remain a cor-
nerstone of preclinical research, their limitations require careful
interpretation of findings. Complementary approaches, including
computational modeling, in vitro experiments, and early-phase
clinical trials, are essential to bridge the gap between preclinical
and clinical contexts.
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CONCLUSION

The present review showed that bioabsorbable devices, when
compared with traditional techniques, demonstrated slightly superior

performance during observation periods shorter than four months
and, in periods longer than four months, did not show inferiority in
outcomes regarding intervertebral fusion in animal studies.

AUTHOR’S CONTRIBUTION: Each author contributed individually and significantly to the development of the manuscript. SNM: intellectual concept and
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ABSTRACT

The Achilles tendon, though the strongest in the human body,
is the most commonly ruptured and frequently affected by ten-
dinopathy, particularly in athletes. Achilles tendinopathy (AT)
impacts approximately 8% of sports participants, with a lifetime
incidence of over 50% in runners. Characterized by pain and
tenderness, AT significantly compromises quality of life and
functional performance. This narrative review explores biome-
chanical factors contributing to AT, focusing on both kinematic
and kinetic parameters and their clinical relevance, providing a
review of AT biomechanics literature, nonoperative interventions,
and exercises targeting specific biomechanical risks. Studies have
linked abnormal motion to AT. Key biomechanical factors include
decreased plantar flexion strength, reduced gluteus medius and
maximus activity, decreased peak ankle dorsiflexion, altered peak
knee flexion, and decreased forward progression of the center
of force, which may increase mechanical load and microtrauma,
ultimately resulting in tendon damage. The effectiveness of vari-
ous interventions was examined, emphasizing the integration of
specific exercises aimed at addressing distinct biomechanical
deficits. Effective management of AT requires addressing strength
deficits and biomechanical abnormalities. Traditional rehabilita-
tion protocols focus on strengthening but often neglect critical
biomechanical issues. This review highlights the importance of
incorporating specific exercises targeting kinematic and kinetic
deficiencies. Level of Evidence V; Expert Opinion.

Keywords: Tendinopathy; Biomechanics; Kinematics; Motion
Analysis; Rehabilitation.

RESUMO

O tendéo de Aquiles, embora seja o0 mais forte do corpo humano,
é também o mais comumente rompido e frequentemente acome-
tido por tendinopatia — especialmente em atletas. A tendinopatia
do Aquiles (TA) afeta aproximadamente 8% dos participantes de
esportes, com uma incidéncia ao longo da vida superior a 50%
entre 0s corredores. Caracterizada por dor e sensibilidade, a TA
compromete significativamente a qualidade de vida e o desempenho
funcional. Esta revisdo narrativa explora os fatores biomecanicos
que contribuem para a TA, com foco em parametros cinematicos e
cinéticos e sua relevancia clinica, além de apresentar uma revisao da
literatura sobre a biomecénica da TA, intervengbes ndo-operatdrias
e exercicios direcionados aos riscos biomecanicos. Estudos tém
relacionado padrées anormais de movimento a TA. Os principais
fatores biomecénicos incluem: diminuig&o da forga de flexao plantar,
redugéo da atividade dos musculos gliteo médio e maximo, reducéo
do pico de dorsiflexado do tornozelo, alteragao do pico de flexao do
joelho e diminuigéo da progressao anterior do centro de forca —
fatores que podem aumentar a carga mecanica e a ocorréncia de
microtraumas, resultando, por fim, em lesao do tenddo. A eficacia
de varias intervengées foi examinada. O manejo eficaz da TA exige
o tratamento de déficits de forga e anormalidades biomecéanicas.
Protocolos de reabilitagéo tradicionais focam no fortalecimento,
mas frequentemente negligenciam questées biomecanicas criti-
cas. Esta revisdo destaca a importancia de incorporar exercicios
especificos que abordem disfungées cinematicas e cinéticas. Nivel
de Evidéncia V; Opiniao de Especialista.
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INTRODUCTION

Despite being the strongest and thickest tendon in the human body.!
capable of enduring substantial stresses and forces, the Achilles
tendon is the most commonly ruptured tendon and one of the
most frequently affected by tendinopathy.? Achilles tendinopathy
(AT) affects approximately 8% of individuals involved in sports and
physical activities and is one of the most common overuse injuries
among runners® with a cumulative lifetime incidence of more than
50% in this population.* Characterized by pain, tenderness to
palpation, and thickness, AT can persist for years, causing loss of
quality of life and functional capacity.>®

AT has a multifactorial etiology involving diverse intrinsic and extrinsic
risk factors. Extrinsic factors associated with AT include the use
of quinolones and specific factors related to sports practice such
as footwear, training surfaces, changes in training habits, pace,
technique and stretching habits>”8 while intrinsic factors may include
vascularity, age, sex, body weight, height, pes cavus deformity, and
lateral ankle instability.>” Several biomechanical aspects have been
linked to the genesis and persistence of AT>"'° and understanding
each of these biomechanical parameters is essential for effectively
treating and rehabilitating patients with AT.

AT mechanism of injury is primarily attributed to overuse."'2 Repet-
itive microtrauma from mechanical loading leads to tissue damage,
which, over multiple loading cycles, impairs tissue function. It has
been demonstrated that when the rate of tissue damage surpasses
the rate of tissue repair, there is a progressive change in tendon
structure. Initially, collagen fibers deform, the interfiber space widens,
and ultimately, severe matrix disruption with fiber thinning occurs
in fatigue-loaded tendons.”® The influence of biomechanical risk
factors in AT pathogenesis is due to their contribution to increased
mechanical load and microtrauma during motion. When a specific
movement pattern increases the mechanical load on the tendon,
the likelihood of tissue damage and impaired function increases.'
In this context, we present a comprehensive review of the bio-
mechanical factors related to AT and provide insights into their
clinical implications. We delve into nonoperative interventions
and explore the authors’ preferred exercises tailored to specific
biomechanical risk factors.

Kinematic Parameters

Abnormal kinematic parameters influencing AT, mainly related to
rearfoot motion, have been explored by several studies, though
with some conflicting results. Many studies have identified specific
patterns in patients with AT, such as a greater rearfoot inversion
at heel strike, followed by increased peak eversion, a shorter time
to maximum eversion, and greater peak eversion velocity through
midstance.®'>""7 These findings suggest that increased rearfoot
eversion could intensify strain on the Achilles tendon, indicating
the role of rearfoot motion in AT etiology.

It has been hypothesized that higher rearfoot inversion at initial con-
tact leads to subsequent increased pronation.'® inducing inevitable
internal tibial rotation. This rotation pulls the Achilles tendon medially,
generating a whipping or bowstring effect. The enhanced whipping
action could contribute to microtears, especially in the tendon’s
medial aspect.'® Furthermore, pronounced pronation indicates
insufficient foot rigidity during stance, necessitating additional
effort from extrinsic and intrinsic musculature to stabilize the foot
during gait.” These factors may contribute to the overload of the
Achilles tendon.'®

Literature presents controversial results on this parameter. Recently,
Mousavi et al. published a meta-analysis reporting that, among
kinematic factors, only moderate evidence suggested significant
differences between runners with AT and controls for rearfoot ever-
sion at heel strike in shod conditions.® Supporting these findings,
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Ryan et al., when analyzing barefoot running in AT subjects, detected
greater rearfoot eversion during midstance compared to controls,
with a trend towards a greater overall range of rearfoot motion.'®
In contrast, Creaby et al. did not find significant differences in
rearfoot eversion peak and range of motion (ROM) in AT subjects
during running®® and Donoghue et al. also did not find significant
differences for a greater rearfoot eversion in AT patients.2! However,
Donogue et al. found statistical significance when this parameter
was exacerbated in shod trials.?" Interestingly, in Becker et al.’s
study, AT patients did not present greater excursion or velocity of
rearfoot eversion compared to controls, but a longer duration of
rearfoot eversion was observed.'®2? The discrepancies in findings
suggest that rearfoot eversion in AT patients may be influenced by
factors such as footwear and running conditions.

In terms of other lower limb joint kinematic parameters, there is
evidence showing that proximal and distal joints may play arole in
AT pathology.?° Bramah et al. found that runners with AT demon-
strated greater contralateral pelvic drop and forward trunk lean at
midstance.? Greater contralateral pelvic drop has been associated
with increased rearfoot eversion in a previous study.? It was pro-
posed that this proximal motion in the hip could be inducing rearfoot
eversion as a compensatory strategy. However, another study found
no evidence of the influence of hip kinematics in runners with AT
compared with healthy controls showcasing that this relationship
may hold true for certain populations only2°

Arecent meta-analysis by Mousavi et al. found no significant differ-
ences between runners with AT and controls for peak knee flexion in
both shod and barefoot conditions, as well as for knee flexion ROM
in barefoot conditions, although there was conflicting evidence for
shod conditions.'® Bramah et al. observed a more extended knee
and dorsiflexed ankle at initial contact than controls.?® Azevedo
et al. reported that range of knee flexion between heel strike and
midstance during running was significantly lower in patients with
AT?® similar to findings by Hein et al. and Joachim et al., who ob-
served reduced maximal knee flexion during running in subjects
who developed AT."26 Conversely, Donoghue et al. affirmed that
AT patients had greater knee flexion during stance while running.?'
This variability may be influenced by the fact that insufficient knee
flexion is often associated with a protective mechanism to avoid
pain, while increased knee flexion can lead to excessive ankle
dorsiflexion, increasing tension on the Achilles tendon. These
conflicting results underscore the complexity of knee mechanics
in AT patients and suggest that further research is needed to better
understand the variability and underlying factors influencing knee
flexion in this population.

It is important to note that only Hein et al. and Van Ginckel et al.
adopted a prospective design'?” making them the only studies
whose results allow for inferences of causality. In terms of AT pre-
vention and rehabilitation, it is advised to focus on decreased
peak dorsiflexion, decreased peak knee flexion and decreased
forward progression of the center of force as these variables are
biomechanical risk factors for AT onset and possibly progression.
Moreover, the controversial findings on kinematic characteristics in
cross-sectional studies may indicate large differences between AT
individuals. Subgroup analysis may be beneficial in this population
to better understand the role of biomechanics in the AT etiopatho-
genesis. Different factors may combine to increase the load on the
Achilles tendon, and since not all of them will be present in every
individual, biokinetic evaluation is essential to identify which factors
each patient possesses, allowing for individualized treatment.

Kinetic Parameters

Some studies have reported important findings regarding the
kinetic parameters of lower limb joints in subjects with AT, with
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direct implications for clinical treatment and rehabilitation. Kim
et al. showed that the internal plantar flexion moment (muscle forces
to produce plantar flexion) of AT subjects was reduced from the
midstance phase to terminal stance compared to controls, and
the internal ankle dorsiflexion moment (muscle forces to produce
dorsiflexion) was reduced during the terminal swing phase.?®
The reduced muscle force production in the ankle during crucial
phases of gait means that AT patients may have difficulty pushing
off effectively when running, probably leading to compensations
in other joints.?®

Joachim et al. noticed altered knee moments in individuals with
AT.?8 They found reduced knee internal extensor moments during
stance in patients with AT. Creaby et al. also reported significant
findings regarding hip kinetics.?° The authors reported that runners
with AT showed an increased peak hip external rotation moment
(external joint moment) and impulse compared to controls, as well
as a higher hip adduction moment impulse.?° These alterations
underscore the importance of assessing the entire kinetic chain
in patients with AT, as compensations at the knee or hip could
contribute to ongoing tendon stress or other injuries.

Studies have also reported on ankle and tibia kinetics. Azevedo
et al. and Creaby et al. did not find differences in ankle kinetic
parameters,?>2> while Williams et al. reported that patients with
AT history had a lower external rotation moment of the tibia.2°
This finding may be due to decreased function of the muscles
primarily responsible for transverse-plane motion such as posterior
tibialis, resulting in greater strain on the Achilles tendon in the
transverse-plane.

Regarding ground reaction forces (GRF), Azevedo et al., Joachim
etal., McCrory et al. and Andere et al. did not find differences in the
vertical GRF during running between runners with AT and healthy
controls.®252630 | alumiere et al. compared GRF between the symp-
tomatic and asymptomatic limbs of AT patients and found limited
differences in total GRF symmetries between the lower limbs.®!
GRF forces may not be an important parameter to differentiate AT
subjects and healthy subjects, and more investigation is crucial
to assess the role of this variable as a risk factor before the onset
of disease symptoms.

Evidence is also limited regarding plantar pressure distribution
during running in patients with AT as few studies report data on this
parameter and the results are controversial. Baur et al. demonstrated
that patients with AT showed a more medial forward roll in the rear
and midfoot than controls, suggesting more pronation in these
patients during midstance,* while, Van Ginckel et al. reported an
association of AT with a more lateral foot roll-over following heel
strike.?” Clinically, this suggests the need for individualized assess-
ments of foot mechanics, as variations in foot strike patterns could
influence Achilles tendon load and guide personalized interventions,
such as orthotic support or gait retraining.

In summary, the kinetic parameters observed in individuals with AT
indicate complex and varied alterations in lower limb joint moments
and forces. Reduced internal moments at the ankle, knee, and
hip during different phases of gait suggest that AT patients may
compensate for the reduced function of the Achilles tendon by
redistributing forces across other joints. Strengthening the muscles
involved in plantar flexion, as part of a force-sharing strategy,
is crucial in treatment. Clinically, these findings emphasize the
necessity of targeted rehabilitation programs that not only ad-
dress Achilles tendon deficits but also optimize the kinetic chain
to prevent overloading compensatory structures. By identifying
these compensatory patterns through individualized kinetic and
kinematic assessments, clinicians can tailor interventions to enhance
force-sharing mechanisms, ultimately reducing strain on the Achilles
tendon and preventing further injury.
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Foot Strike Patterns During Running

Foot strike patterns may impact the magnitude of load on the Achilles
tendon during running, potentially influencing the development
of injuries. Almonroeder, Willson and Kernozek demonstrated,
with weak evidence, that non-rearfoot striker runners exhibited
approximately a 15% increase in Achilles tendon loading rate when
compared to rearfoot strikers, as well as an 11% higher Achilles
tendon impulse in each step.3® Similarly, Altman and Davis, in a
prospective comparison of shod and barefoot runners, showed
that barefoot runners experienced more Achilles tendon and calf
injuries, likely due to the midfoot/forefoot strike pattern observed in
nearly 80% of barefoot runners.34 This strike pattern places greater
eccentric demands on the Achilles tendon as the foot dorsiflexes
and everts in early stance,®* highlighting the need to appropriately
strengthen the gastrocnemius-soleus complex in this population.

Muscle strength

A recent meta-analysis by McAuliffe et al. investigated plantar
flexion strength in patients with AT, reporting that subjects with AT
demonstrated weaker plantar flexors compared to the uninjured side
or healthy controls, showing deficits specifically in maximal, reactive,
and explosive strength.3® Conversely, another meta-analysis by
Hasani et al. found only moderate evidence of impairments in
maximal plantar flexor torque and limited evidence for impairment
in concentric endurance on the affected side of AT subjects.3®
There was conflicting evidence for other plantar flexor function,
such as explosive strength, power, and other endurance measures,
between the affected and unaffected sides and for all measures
when compared with healthy controls.3¢

Several studies have identified reduced plantar flexor strength as a
prevalent characteristic in individuals with AT and a risk factor for AT,
as demonstrated in longitudinal studies. Mahieu et al. demonstrated
that male military recruits with weaker plantar flexors developed
more injuries during their military training,3” and McCrory et al. also
observed insufficiency in the gastrocnemius-soleus complex of AT
patients, who were recreational or competitive runners, compared
to healthy controls.® Masood et al. showed that maximal plantar
flexor force was approximately 14% higher in the contralateral limb
compared to the AT limb of recreational athletes.® Andere et al.
found that plantar flexors exhibited lower total work in runners with
AT than in healthy runners.?® O'Neill et al. reported that runners with
AT had large deficits in plantar flexor torque and endurance with
the knees both extended and flexed compared to controls,®® and
Crowley et al. demonstrated that active individuals with AT had lower
maximal plantar flexor strength and power tested with the knee
flexed,*® suggesting a greater loss of the soleus force-generating
capacity rather than the gastrocnemius in AT patients.
Conversely, Sara et al. found no deficits in plantar flexion strength
in AT patients, whether evaluated isometrically, concentrically, or
eccentrically.*' Child et al. and Chimenti et al. did not find differences
in plantar flexor strength between AT patients and controls with
both the knee flexed*? and extended,*® respectively. However,
Child et al. reported that runners with AT had higher Achilles tendon
aponeurosis strain than healthy subjects.?

Additionally, Hein et al. observed reduced knee flexor strength
in runners that developed AT, relating it to the genesis of knee
stability deficiencies, which may impact lower limb biomechanics
and transfer more stress to the Achilles tendon.

In brief, there is a reasonable quantity of studies demonstrating that
reduced plantar flexor strength plays a role in the development of
AT and possibly maintenance as evidenced by longitudinal and
cross-sectional studies. Corroborating this hypothesis, the most
commonly used rehabilitation protocols focus on plantar flexor
strengthening and show satisfactory results in over 80% of patients.**
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Muscle Activity and Neuromuscular Control

Altered muscle activity and neuromuscular control may also play an
important role in AT. Smith et al. observed delayed onset and shorter
duration of gluteus medius and maximus activation during running
in runners with AT compared to healthy individuals, suggesting
altered neuromuscular control at the hip level.*® This could lead to
increased hip adduction and internal rotation, generating greater tib-
ial internal rotation and consequently rearfoot eversion, suggesting
a link between hip and ankle biomechanics. Furthermore, a shorter
duration of gluteus maximus activation could result in reduced hip
extensor power and impaired forward propulsion of the center of
mass.*® To compensate for the decrease in forward propulsion,
the AT could be overloaded in the terminal stance, which is the
phase where coordinated contraction between the hip extensors
and the plantar flexors is crucial. Additionally, Habets et al. reported
that AT individuals demonstrated around 30% less hip isometric
abduction strength, less hip isometric external rotation strength,
and less hip isometric extension strength in the affected limb, with
similar deficits observed in the contralateral healthy limb.*¢ These
findings suggest that dysfunction of proximal hip musculature could
be associated with increased loading of the distal structures, such
as the Achilles tendon, during sport activities.

Azevedo et al. showed a significant decrease in pre-heel strike
activity of the tibialis anterior during running in AT runners, as well as
post-heel strike activity of the rectus femoris and gluteus medius,®
suggesting that runners with AT had a lower capacity than runners
free from injuries for shock absorption due to the reduced muscle
activation. Conversely, Baur et al. did not identify differences in
tibialis anterior activity during running between patients and controls,
but observed lower peroneal muscle activation in AT subjects during
the weight acceptance phase, as well as reduced gastrocnemius
muscle activity during weight acceptance and push-off phases
compared to controls.*’ It is unclear whether lower gastrocnemius
activity in AT patients is a risk factor only or also the result of the
injury, but the association of AT with mechanical deficits of the
lower limb might impair joint stability during the stance phase.*
At the distal level, Wyndow et al. demonstrated that runners with
AT presented altered triceps surae neuromotor control during
running compared to healthy subjects, showing earlier activa-
tion of the soleus.*® This imbalance could be related to altered
intra-tendinous loads in AT. Furthermore, Crouzier et al. reported
a lower contribution of the gastrocnemius lateralis to the overall
triceps surae activation in individuals with AT compared to controls
during maximal and submaximal isometric plantarflexion tasks, with
gastrocnemius lateralis contributing 28% less to the total triceps
surae force in AT subjects.*® These findings suggest differences
in force-sharing strategies within the triceps surae in AT patients
compared to controls.

Ankle Flexibility

Limited ankle dorsiflexion passive ROM is another factor associated
with AT. Several studies have shown a significant correlation between
AT and tightness in the gastrocnemius or soleus muscles. 18.50-52
However, some authors suggest that this limitation may not be clini-
cally relevant® or may be nonexistent during physical examination.”
Hein et al. and Joachim et al. reported lower peak ankle dorsiflexion
during running in AT patients compared to controls.'”?8 Ryan et al.
found a trend toward lower peak ankle dorsiflexion velocity in AT
patients.'® Conversely, Ferreira et al. did not find an association
between ankle dorsiflexion and the occurrence of AT, and Creaby
et al. did not find differences in dorsiflexion parameters during
running between patients and controls.?° Donoghue et al. reported
greater dorsiflexion during running in AT patients compared to
controls,' suggesting a complex association between passive and
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active dorsiflexion ROM and AT, which may underlie the presence
of distinct motion-based subgroups.

Ankle dorsiflexion ROM significantly influences lower limb me-
chanics, especially during tasks that require a high ROM, such
as landing. Limited dorsiflexion ROM can lead to compensatory
changes in lower limb kinematics, including increased ankle and
foot pronation, knee valgus, and increased landing forces.®* Fur-
thermore, restricted ROM has been associated with altered gait
patterns, such as increased ankle abductor moments and knee
flexor and internal rotator moments during the stance phase,®®
potentially increasing the risk of injuries in athletes.

Biokinetic Variability

AT is a condition with important biomechanical variability. This is
reflected in conflicting evidence concerning kinematic and kinetic
parameters, muscle strength, flexibility and neuromuscular acti-
vation. Table 1 summarizes the main biomechanical parameters
reported across studies, highlighting some of the controversies
between them. The presence of substantial heterogeneity identified
in this population demonstrates the importance of a personalized
approach to treatment.

A biokinetic analysis—an assessment that comprises three-di-
mensional motion analysis, strength and flexibility test - when
employed as a diagnostic clinical tool, is critical in the context
of AT. Identifying biomechanical risk factors at an individual level
can provide substantial information to personalized treatment
regimens. Targeting individual-specific dysfunctions, as opposed
to generic interventions, may provide faster, cheaper, and more
effective treatment.

There is evidence that gait retraining strategies, which include
strength, flexibility, neuromuscular, and biofeedback interventions,
can be effective in addressing gait alterations.®%57% However, no
consensus exists regarding the optimal treatment for biomechanical
risk factors associated with AT.%®

Treatment

The management of AT involves minimizing pain, allowing the tendon
to repair from repetitive damage, and restoring the tendon’s capacity
to support load.""®° Interventions for AT are diverse and can involve
exercises, injections, shockwave therapy, orthosis, acupuncture,
medications, and surgery. The initial treatment is usually nonoper-
ative, with surgical options reserved as a last resourt.®' However,
there is no consensus on the best intervention for this condition.
A recent systematic review with randomized clinical trials has
shown that intervention modalities like exercise therapy, injection
therapy, shockwave therapy, acupuncture (and combinations
of these modalities) are better than “wait-and-see” approach at
reducing pain levels at 3 months.5? These results indicate that
“wait-and-see” therapy is not clinically recommended and should
not be considered ethical for future studies. Exercise combined
with shockwave therapy and acupuncture alone was superior to
most other treatments at 3 months, including exercise therapy
alone. At 12 months, there was no difference between treatment
modalities, which included exercise therapy, injection therapy,
exercise combined with injection therapy, and exercise combined
with night-splint therapy.

Most patients respond well to initial management within one year;
however, about 20% do not improve.** For these patients, AT issues
may persist for over 10 years, leading to a loss of quality of life
and impairing daily activities, heavy work, and sports practice.®?
A potential reason for this non-optimal outcome is that biomechan-
ical variables associated with AT, such as the kinematic and kinetic
parameters and neuromuscular control reported in this review are
not addressed by the current rehabilitation protocols.
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Table 1. Main Biokinetic Characteristics of Patients with Achilles Tendinopathy.

Rearfoot Kinematics

- Greater rearfoot inversion at heel strike

- Increased peak eversion

- Shorter time to maximum eversion
- Greater peak eversion velocity during midstance
- Controversy in studies, but shod conditions often show increased rearfoot eversion in AT subjects. Some studies find no differences in eversion in

barefoot conditions.

- Longer duration of rearfoot eversion in some AT patients.

Knee Kinematics

- Conflicting evidence on knee flexion ROM during running
- Reduced maximal knee flexion observed in some studies, while others report greater knee flexion during stance.
- AT patients often demonstrate altered knee mechanics, potentially linked to pain avoidance or compensatory strategies.

Ankle Kinematics

- Prospective studies report lower peak ankle dorsiflexion in AT patients compared to controls.
- Conflicting evidence on whether limited ankle dorsiflexion ROM is associated with AT.
- Complex association between passive and active dorsiflexion ROM and AT, suggesting the presence of distinct subgroups.

Hip Kinematics

- Greater contralateral pelvic drop and forward trunk lean in AT patients.
- Some studies found no differences in hip kinematics between AT patients and controls.

Kinetic Parameters

- Reduced plantar flexion and dorsiflexion moments at the ankle in AT patients, leading to difficulty in push-off during gait.
- Increased knee internal extensor moments during stance.
- Altered force distribution across joints as compensatory mechanisms.
- Conflicting evidence on ground reaction forces (GRF).

- Weaker plantar flexors in AT patients compared to healthy controls.
- Reduced maximal, reactive, and explosive strength in the plantar flexors.

Muscle Strengih - Some studies find no significant strength deficits in AT patients.
- Reduced knee flexor strength in AT patients, possibly influencing lower limb biomechanics and increasing Achilles tendon stress.
- Delayed and reduced gluteus medius and maximus activation during running in AT patients.
- - Reduced activity of the gastrocnemius and peroneal muscles during running.
Muscle Activity . : ) L
- Altered triceps surae neuromotor control, with earlier activation of the soleus.
- Differences in force-sharing strategies within the triceps surae in AT patients compared to controls.
. - Midfoot/forefoot strike pattern during running in non-rearfoot strikers is associated with higher Achilles tendon loading.
Foot Strike Patterns

- Barefoot runners (who often use a midfoot strike) experience more Achilles tendon injuries.

Ankle Flexibility

- Limited ankle dorsiflexion passive ROM is associated with AT in some studies.
- Other studies report no significant differences in ankle dorsiflexion in AT patients.

The most used and widely studied rehabilitation protocol is the
Alfredson protocol.®* This protocol consists of eccentric training
of the triceps surae that can be performed without supervision
and minimal equipment. It consists of two sets of 15 repetitions
performed twice a day, 7 days a week, for 12 weeks. The exercises
include single-leg plantar flexion with the knee extended and knee
flexed, emphasizing the eccentric phase of the exercise. Other
protocols such as those described by Silbernagel et al., Beyer et
al. and Mafi et al. proposed modifications focusing on concentric
protocols, seated position, plyometrics, speed of contraction, and
load during each repetition.®® However, there is a lack of high-quality
comparative studies to prove the superiority of any single program.8®
Current rehabilitation protocols have slight variations but are
fundamentally similar. They focus on the progressive strength-
ening of the muscle and tendon to meet the demands imposed
by the patient’s body and activities.®® However, this approach
has two main problems: (1) adherence tends to vary because
pain is expected during rehabilitation,®® and (2) in many cases,
loss of plantar flexor strength is not present, suggesting that
other causal factors contributing to the onset and symptoms of
AT are not being addressed.®” As demonstrated in the previous
section of this review (Table 1), biomechanical risk factors such
as reduced peak dorsiflexion, peak knee flexion and decreased
forward progression of propulsion are associated with AT, possibly
contributing to its onset and persistence of symptoms. If a causal
link is better demonstrated in future studies, not addressing these
biomechanical risk factors means not addressing important root
causes of AT. Ultimately, overlooking biomechanical risk factors
may compromise effective management.

Effective interventions to address biomechanical risk factors present
in gait are scarce in the AT literature. A systematic review that
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included 27 studies examined various biomechanical parameters
in runners and the effectiveness of gait modifications.®® Regarding
the rearfoot eversion angle at initial contact, no evidence was found
to support that step length manipulation can change this parameter.
It was shown that peak rearfoot eversion can be increased with a
crossover gait and decreased with a laterally “wide step”.% Also,
changes in strike pattern can modify peak eversion angle. It was
shown that peak eversion decreased with a forefoot strike compared
to a rearfoot strike and increased with a toe strike.®® No significant
differences were observed with a change in step length to modify
peak rearfoot eversion.®®

The systematic review by Napier et al. also assessed gait modifi-
cations that could influence knee flexion during running.®® There
was no evidence to support that modification in stride length af-
fected sagittal knee angle at initial contact in runners. However,
the evidence for modification in foot strike was consistent across
studies. Changes from rearfoot strike to forefoot strike were shown
to decrease the peak rearfoot eversion. This effect was also more
pronounced when toe foot strike was adopted.

In summary, there is limited evidence on the best interventions
to modify the kinematic, kinetic, and neuromuscular parameters
associated with AT. Therefore, we present our exercise suggestions
to address the most important biomechanical variables, in case
they are identified with biokinetic analysis in a clinical setting.

Authors’ Preference of Exercises

Decreased Plantar flexor strength (extended knee)

The gait phase that requires more plantar flexor strength is the
push-off, with soleus muscle being the major contributor to power
generation.®® Weakness in this phase has been demonstrated previ-
ously by Kim et al.?8 According to the principle of task specificity, we
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adopted this exercise (Video 1) as the standard approach to target
plantar flexor strength, because it reproduces the push-off phase
in the running gait cycle. The body’s diagonal inclination simulates
the position encountered during running, aiming to replicate the
force vectors that the plantar flexors must overcome in this activity.
In our practice, we train both concentric and eccentric phases with
an emphasis on exercise specificity, considering the speed that
is required for contraction. Progression to increased speeds on
both concentric and eccentric phases is prioritized before adding
additional load for the execution of the movement.

In the initial phase, when pain can be a limiting factor for the proper
execution of this task, our preferred approach is to increase the force
sharing for plantar flexion with fibularis muscles. Fibularis muscles
are secondary plantar flexors and contribute to sharing the forces
required by triceps surae to produce plantar flexion. The exercise
demonstrated in Video 2 depicts an elastic band inducing ankle
inversion, that is counterbalanced by the action of fibularis muscles.

3DC

Source: Video provided by 3DGym.app S.A.
Video 1. Diagonal Propulsion. Scan the QR code in the figure to view the
video (https://youtu.be/iX9nPvGaCE4). Video courtesy of 3D Gym App.

DG

Source: Video provided by 3DGym.app S.A.
Video 2. Diagonal Propulsion with Fibularis Stimulation. Scan the QR
code in the figure to view the video (https://youtu.be/QtCGTSaHrcA).
Video courtesy of 3D Gym App.

Decreased maximum ankle dorsiflexion and maximum knee
flexion during gait and running

Peak ankle dorsiflexion and peak knee flexion are usually achieved
during the loading response phase.” In this exercise (Video 3), the
individual is positioned in this phase of gait to increase the specificity
of the task. Resistance is applied to the popliteus fossa and induces
a concomitant hip flexion, knee flexion, and ankle dorsiflexion.
The objective is to gradually prepare the individual to reach higher
ankle dorsiflexion and knee flexion, training the individual to resist
hip and knee flexion and ankle dorsiflexion forces in this phase of
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Source: Video provided by 3DGym.app S.A.
Video 3. Load Response Phase Training. Scan the QR code in the
figure to view the video (https://youtu.be/- IN5SAiryco). Video courtesy
of 3D Gym App.

the gait. The exercise progression is made with gradual increases
in applied load, speed, and number of repetitions and series as
tolerated by the patient.

Increased rearfoot eversion

Peak rearfoot eversion usually occurs after heel strike, during
loading response, and sometimes later in midstance.?’ This exercise
(Video 4) aims to induce an external eversion torque using an
elastic band in the ankle. The expected effect is the development
of a specific neuromuscular capacity to resist the external eversion
stimulus in the midstance phase. The progression is made with
gradual increases, as in the previous exercise.

Source: Video provided by 3DGym.app S.A.

Video 4. Single Leg Squat with Eversion Control with Elastic Band. Scan
the QR code in the figure to view the video (https://youtu.be/1HxihUiL3x8).
Video courtesy of 3D Gym App.

Excessive rear foot eversion may also be counterbalanced by
increasing foot stability. The exercise in Video 5 demonstrates an
elastic band under the hallux. The objective of the exercise is to
induce hallux flexor contraction by preventing the band from slipping.
The muscle action generates increased foot rigidity by increasing
muscle stiffness and also by depressing the first metatarsus head,
which increases the tension of the medial longitudinal arch.”"72

Altered gluteus complex activation

To address proximal deficiencies as demonstrated by Smith et
al., who reported delayed onset and shorter duration of gluteus
medius and maximus activation in runners with AT,*® it is possible
to add an elastic band in the pelvis to induce a contralateral pelvic
drop and promote the activation of the gluteus complex (Video 6).
This exercise promotes the development of neuromuscular control
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Source: Video provided by 3DGym.app S.A.

Video 5. Single Leg Balance with Hallux Flexion. Scan the QR code
in the figure to view the video (https://youtu.be/noUQ6dPGiXg). Video
courtesy of 3D Gym App.

Source: Video provided by 3DGym.app S.A.

Video 6. Single Leg Squat with Rearfoot Eversion Control and Contralateral
Pelvic Drop Control. Scan the QR code in the figure to view the video
(https://youtu.be/sM2eFg-oMec). Video courtesy of 3D Gym App.

and strengthening of the hip in synergy with the distal part of the
kinetic chain, while in a position that resembles the midstance
phase of gait, adding specificity to the rehabilitation.

Less anterior displacement of the center of pressure (COP) at
push-off

Less anterior displacement of COP was interpreted by the authors
to occur concomitantly to decreased knee flexion at push-off.”
In this exercise (Video 7), the patient is positioned in the terminal
stance phase and a force is applied inferiorly and anteriorly in the
proximal region of the tibia to cause knee flexion. The objective

Source: Video provided by 3DGym.app S.A.

Video 7. Posterior displacement of the tibia during the terminal stance
phase. Scan the QR code in the figure to view the video (https://youtu.
be/zzH6u-00gx8). Video courtesy of 3D Gym App.

of the exercise is to develop the capacity to generate full knee
extension during this specific phase of the gait cycle. Progression
involves gradual increases, as in the previous exercise.

CONCLUSION

AT remains a prevalent and challenging condition, particularly
among athletes and those involved in regular physical activities.
Despite the strength and resilience of the Achilles tendon, it is
highly susceptible to injury and tendinopathy due to various intrinsic
and extrinsic factors. The multifactorial etiology of AT, including
biomechanical risk factors like altered kinematic and kinetic param-
eters, highlights the complexity of effectively treating this condition.
While current rehabilitation protocols, such as the widely used
Alfredson protocol, focus primarily on progressive strengthening,
they often overlook critical biomechanical issues contributing to the
persistence and onset of AT symptoms. Comprehensive treatment
strategies should incorporate targeted exercises that address
specific biomechanical deficiencies, such as reduced dorsiflexion,
peak knee flexion, and excessive rearfoot eversion, to enhance
recovery and prevent recurrence. Integrating these biomechanical
considerations into rehabilitation protocols enables clinicians to
provide more effective and individualized care for patients suffering
from AT, ultimately improving outcomes and quality of life.
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EFFECTS OF CALCIUM SUPPLEMENTATION ON THE
RISK OF FRACTURE IN OLDER ADULTS

EFEITOS DA SUPLEMENTACAO DE CALCIO NO RISCO
DE FRATURA EM ADULTOS IDOSOS

JIANLEI LI

1. Shaoxing People's Hospital, Department of Orthopedics, Shaoxing, China.

ABSTRACT

To explore the effect of calcium supplementation on the risk of
fractures at various sites in older adults based on randomized
controlled trials (RCTs). PubMed, Embase, and the Cochrane
Library were systematically searched for eligible RCTs from their
inception until May 2023. The included trials investigated the effect
of calcium supplementation on the risk of fracture in individuals
aged 50 years or above, regardless of the use or nonuse of
vitamin D. The primary and secondary outcome measures were
total, vertebral, nonvertebral, and hip fractures. Twenty-three RCTs
involving 70,837 individuals were enrolled. Calcium supplementa-
tion demonstrated a significant reduction in the risk of total (RR:
0.93; 95% Cl: 0.88-0.99; P=0.019) and nonvertebral (RR: 0.93;
95% ClI: 0.87-0.99; P=0.023) fractures. No significant differences
were observed in vertebral (RR: 0.87; 95% CI: 0.75-1.01, P=0.074)
and hip (RR: 0.90; 95% Cl: 0.73-1.12; P=0.355) fractures between
calcium and placebo or no treatment. Calcium dose influenced
total fracture risk (P=0.008), while history of fracture (P=0.044),
calcium dose (P=0.041), and follow-up duration (P=0.031) affected
nonvertebral fracture risk. Follow-up duration impacted hip fracture
risk (P=0.001). Calcium supplementation can significantly affect
the risk of fracture, particularly nonvertebral fractures, in older
adults. Level of Evidence I; Therapeutic Studies - Investigating
the Results of Treatment.

Keywords: Calcium; Fracture; Older Adults; Meta-Analysis.

RESUMO

Explorar o efeito da suplementagédo de célcio no risco de fraturas em
varios locais em adultos mais velhos com base em ensaios clinicos
randomizados (ECRs). A PubMed, Embase e a Biblioteca Cochrane fo-
ram sistematicamente pesquisadas para ensaios clinicos randomizados
(ECRs) elegiveis desde a sua criagdo até maio de 2023. Os ensaios
inclusos investigaram o efeito da suplementag¢éo de calcio no risco de
fraturas em individuos com 50 anos ou mais, independentemente do uso
ou h&o de vitamina D. As medidas de desfecho primarias e secundarias
foram fraturas totais, vertebrais, nao vertebrais e do quadril. Vinte e trés
ECRs envolvendo 70.837 individuos foram incluidos. A suplementagéao
de calcio demonstrou uma redugéo significativa no risco de fraturas
totais (RR: 0,93; IC 95%: 0,88-0,99; P=0,019) e ndo vertebrais (RR:
0,93, IC 95%: 0,87-0,99; P=0,023). Nao foram observadas diferencas
significativas nas fraturas vertebrais (RR: 0,87; IC 95%: 0,75-1,01;
P=0,074) e do quadril (RR: 0,90; IC 95%: 0,73-1,12; P=0,355) entre
célcio e placebo ou nenhum tratamento. A dose de calcio influenciou o
risco de fratura total (P=0,008), enquanto a histéria de fratura (P=0,044),
dose de calcio (P=0,041) e duragao do acompanhamento (P=0,031)
afetaram o risco de fratura néo vertebral. A duragéo do acompanhamento
impactou o risco de fratura do quadril (P=0,001). A suplementagao de
calcio pode afetar significativamente o risco de fratura, particularmente
as fraturas néo vertebrais, em adultos mais velhos. Nivel de Evidéncia I;
Estudos terapéuticos - Investigagao dos resultados do tratamento.

Descritores: Calcio; Fratura; Idoso Fragilizado; Metanalise.

Citation: Costa AP, Rodrigues ET, Hauache Neto HA, Fujisaki MA, Dobashi ET. Comparative analysis of treatments for forearm fractures in children: a
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INTRODUCTION

The prevalence of osteoporotic fracture has rapidly increased with
the growth of population worldwide." The number of patients with
osteoporosis in the European Union was estimated to be 27.5 million,
whereas that of patients aged over 50 years in the USA reached
10.2 million.2® In the Asia-Pacific region, 5%-10% of adults have
osteoporosis, with women aged =50 years exhibiting a higher
prevalence.* In Western countries, the lifetime risks of osteoporotic

fracture in both men and women were 13%-22% and 40%—-50%,
respectively.® Older adults with fractures experience significant
harmful effects on their daily routines; even disability or mortality
occurs in serious cases.5” Furthermore, fracture treatment is costly
with the demographic trend of aging and the predicted increase
in life expectancy.®

At present, calcium and vitamin D supplementation is widely rec-
ommended to reduce the risk of osteoporosis and progression of
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fractures. However, calcium supplementation may affect the risk
of fracture; there is also a growing interest in the assessment of
the role of vitamin D in bone health.® In this study, we conducted
a meta-analysis of randomized controlled trials (RCTs) to examine
the effect of calcium supplementation on the risk of fracture and
explored the potential role of the interaction between calcium and
vitamin D in reducing the risk of fractures, including total, vertebral,
nonvertebral, and hip fractures.

MATERIALS AND METHODS

Data sources, search strategy, and selection criteria

The Preferred Reporting ltems for Systematic Reviews and Me-
ta-Analyses was used in this study.”® Trials that compared the
effects of calcium with those of placebo or no treatment on the
risk of fractures in older adults were considered eligible, and no
restriction on the publication status and languages was imposed.
We systematically searched PubMed, Embase, and the Cochrane
Library for eligible trials from their inception until May 2023, and the
following terms were used: “calcium” [MeSH Terms] OR “calcium”
[All Fields] AND (“fractures, bone” [MeSH Terms] OR (“fractures”
[All Fields] AND “bone” [All Fields]) OR “bone fractures” [All Fields]
OR “fracture” [All Fields]). Ongoing trials or additional eligible trials
were also included if they met the abstract requirements, reference
lists of relevant articles, and the clinicaltrials.gov website.

To avoid confounding biases, only RCTs were included. The inclu-
sion criteria were as follows: (1) study design: RCT; (2) participants:
individuals aged 50 years or above; (3) intervention: calcium supple-
mentation, irrespective of vitamin D use; (4) control: placebo or no
treatment; (5) follow-up: follow-up duration of more than 6 months;
and (6) outcomes: total, vertebral, nonvertebral, and hip fractures.

Data collection and quality assessment

The author independently extracted the following data: first author’s
name, publication year, country, sample size, age, male sex (%), his-
tory of fracture, vitamin D use, baseline 25 OHD, intervention, control,
follow-up, and reported outcomes. Then, the quality of each trial was
assessed using the Jadad scale based on the randomization used,
data blinding, allocation concealment, withdrawals and dropouts
of subjects, and use of intention-to-treat analysis.!" For each trial,
the scoring system ranged from 0 to 5, and trials that scored 4 or 5
were considered to be of high quality. Any disagreement between
the reviewers regarding data collection and quality assessment
was settled by consulting an additional reviewer.

Statistical analysis

The effects of calcium supplementation on the risk of fracture
were used as categorical data, and the relative risk (RR) with 95%
confidence interval (Cl) was calculated before data pooling based
on the events that occurred and the sample size of the intervention
and control groups. The pooled RRs and 95% Cls for fracture risk
were evaluated using the random-effects model, which considers
the underlying variability across the included trials and provides
conservative results.’> ' Furthermore, heterogeneity across the
included trials for each outcome was evaluated using the /2 and Q
statistics, and significant heterogeneity was defined as > 50.0%
or P < 0.10.'* 15 Sensitivity analyses were conducted to assess the
robustness of the pooled conclusions by sequentially removing
individual trials.'® Subgroup analyses were also conducted based
on the mean age, sex, history of fracture, baseline 25 OHD, calcium
dose, vitamin D supplementation, follow-up duration, and study
quality, and differences between the groups were evaluated using
an interaction test, which was based on a t-test, and assuming
a normal data distribution."” Publication bias for each outcome
was evaluated using qualitative (funnel plot) and quantitative

Acta Ortop Bras.2025;33(6):€284103

(Egger’s and Begg's tests) methods.'®'® The inspection level for the
pooled outcome was two-sided, and P < 0.05 was considered to
indicate statistical significance. All statistical analyses were con-
ducted using the STATA software (version 10.0, Stata Corporation,
College Station, TX, USA).

RESULTS

Literature search

A total of 1,946 articles were obtained from the electronic search,
of which 1,138 were retained after removing duplicate articles.
Additional 1,069 studies were excluded due to irrelevant topics.
Further full-text review was performed on the remaining 69 studies,
which resulted in the removal of 47 articles due to missing sufficient
data (n = 30), lack of appropriate control subjects (n = 10), and
review papers (n = 7). No new eligible trials were obtained from the
review of the reference lists of relevant studies. Ultimately, 22 RCTs
were included in the final meta-analysis (Figure 1).20-4!

Study characteristics

The characteristics of the selected trials and individuals are pre-
sented in Table 1. The number of individuals included was 70,837,
and the sample size ranged from 50 to 36,282. Two trials were
conducted in China and the remaining 21 in Western countries
(the USA, Europe, and Australia). Of the trials, 15 included women
and the remaining 8 included both men and women. Furthermore,
14 trials reported the effects of combined calcium and vitamin
D supplementation, and the remaining 9 trials reported calcium
supplementation alone. The follow-up duration ranged from
9 months to 7 years. The quality assessments in each trial are
presented in Table 1.

Total fracture

A total of 15 trials reported the effects of calcium supplemen-
tation on the risk of total fracture. The result indicated that the
supplementation was associated with reduced risk of total fracture
(RR: 0.93; 95% CI: 0.88-0.99; P = 0.019; Figure 2A), and there was
no evidence of heterogeneity across the included trials (P = 6.3%;

Articles from PubMed, EmBase Additional records identified

and the Cochrane (n=1946) from other sources (n=3)

Articles identified after duplicate removed (n=1138)

Abstracts and title excluded

during first screening (n=1069)

Articles reviewed in details (n=69)

Articles excluded (n=47)
No sufficient data (n=30)
No appropriate control (n=10)
Review (n=7)

22 studies included in meta-analysis

Figure 1. PRISMA flowchart of the processes of literature search and
study selection.
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Table 1. The characteristics of included trials and involved participants.

: Age o\ | Prior — Baseline .

Study Country Sample size (years) Male (%) fracture Vitamin D 25 OHD Intervention Control Follow-up | Jadad
Inkovaar® Finland 130 (88/42) 798 [17.9/18.7 NA (1000 1U/d) NA Calcium (1.2 g/d) Placebo 9.0 months 3
Hansson?' Sweden 50 (25/25) 65.9 0.0 Yes No NA Calcium (1.0 g/d) Placebo 3.0 years 2
Chapuy® France 3,270 (1,634/1,636) 84.0 0.0 No (800 1U/d) NA Calcium (1.2 g/d) Placebo 1.5 years 4

Reid® New Zealand 122 (61/61) 58.0 0.0 No No 375 Calcium (1.0 g/d) Placebo 4.0 years 4
Recker?* USA 191 (91/100) 735 0.0 Partial No 25.5 | Calcium (1.2 g/d) Placebo 4.0 years 3

Dawson-Hughes® USA 389 (187/202) 71.1 46.0 NA (700 1U/d) 29.6 Calcium (0.5 g/d) Placebo 3.0 years 4

Riggs® USA 236 (119/117) 66.2 0.0 No No 30.1 Calcium (1.6 g/d) Placebo 4.0 years 2

Baron® USA 930 (464/466) 61.0 72.3 NA No NA Calcium (1.2 g/d) Placebo 4.0 years 5
Peacock®® USA 253 (124/129) 738 284 | Partial No 25.0 | Calcium (0.75¢g/d) | Placebo 4.0 years 2
Chapuy® France 583 (393/190) 85.2 0.0 No (800 IU/d) 8.9 Calcium (1.2 g/d) Placebo 2.0 years 4
Avenell® UK 99 (64/35) 78.0 17.0 Yes | (800 IU/d) NA Calcium (1.0 g/d) | No treatment | 3.8 years 3
Harwood®! UK 112 (75/37) 81.7 0.0 Yes (800 1U/d) 11.9 Calcium (1.0 g/d) | No treatment | 1.0 year 3

Porthouse™ UK 3,314 (1,321/1,993) | 76.8 0.0 Partial | (800 1U/d) NA Calcium (1.0 g/d) | No treatment | 2.1 years 3

Grant® UK 3,949 (2,6171,332) | 77.3 15.3 Yes (800 1U/d) 15.2 Calcium (1.0 g/d) Placebo  [2.0-5.2years| 5

Larsen® Denmark 7,073 (4,957/2,116) 74.0 39.8 No (400 1U/d) NA Calcium (1.0 g/d) | No treatment | 3.0 years 3
Jackson® USA 36,282 (18,176/18,106)| 62.4 0.0 Partial | (400 IU/d) 18.9 Calcium (1.0 g/d) Placebo 7.0 years 4
Prince®® Australia 1,460 (730/730) 75.2 0.0 Partial No 31.0 [ Calcium (0.48 g/d) | Placebo 5.0 years 4
Reid®” New Zealand 1,471 (732/739) 74.3 0.0 Partial No 20.7 Calcium (1.0 g/d) Placebo 5.0 years 3
Bolton-Smith® UK 123 (62/61) 68.6 0.0 NA (400 1U/d) 23.9 Calcium (1.0 g/d) Placebo 2.0 years 3
Salovaara® Finland 3,195 (1,586/1,609) 67.3 0.0 Partial | (800 IU/d) 19.8 Calcium (1.0 g/d) Placebo 3.0 years 3
Liu* China 98 (50/48) 62.1 0.0 No (600 IU/d) NA Calcium (1.5 g/d) Placebo 1.0 year 2
Xue*! China 312 (139/173) 63.6 0.0 Partial | (800 1U/d) 30.8 Calcium (0.6 g/d) Placebo 1.0 year 3
Stud % study *
D £ RR (95% Cl) Weight L RR (95% C1) Weight
calcium and vitamin D calcium :
Inkovaara 1983 — 0.13 (0.01,2.46) 0.02 Hansson 1987 : 1.00 (0.07,15.12) 030
Avenell 2004 —_—— 0.50 (0.10, 2.56) 0.07 X ! e -
Harwood 2004 — 059 (0.19,1.81) 016 Reld 1993 T 0.33(0.01,7.92) 022
Porthouse 2005 - 0.96 (0.70,1.33) 1.92 Recker 1996 = 0.85 (0.56, 1.30) 12,65
Grant 2005 £ 0.94 (0.77,1.15) 512 Riggs 1998 —_— 0.87 (035, 2.19) 266
Larsen 2005 ES 1.06 (0.84, 1.35) 3.51 Peacack 2000 _._i__ 0.58(0.24,1.40) 285
Larsen 2005 - 0.94 (0.82,1.08) 1053 | " §
Jackson 2006 . 0.97 (0.92,1.03) 6257 divenel 2004 ] 040(0.02,5.46) 022
Salovaara 2010 - 0.84(0.63,1.13) 234 Grant 2005 —_—1 3.05 (0.32,29.26) 0.44
Liu 2015 —_] 048 (0.04,5.12) 004 Prince 2006 —— 0.97 (0.63,1.51) 11.85
Xue 2017 _— 1.87 (0.32,11.02) 0.06 Reid 2006 - 072 (0.44,1.16) 262
_Submlal U=squaired =0.0%, p=0.835) 0.96(0.92;1.01;;P=0117 (8634 Subtotal (I-squared = 0.0%, p = 0.909) ¢ 0.83(0.66,1.05); P=0.129  40.83
:::ll(i:\llj:; ra 1983 ——— . 0.33(0.04,3.08) 0.04 calcium and vitamin D i
Rl 1995 ——— 028 (p.06,1.51) o8 Avenell 2004 - 0.33(0.01,7.91) 022
Baron 1999 —— 1 0.29 (0.10,0.87) 0.16 H
Avenell 2004 —_— 1.21(033,4.41) 0.12 Grant2003 034(001,834) 022
Grant 2005 B 094 (0.77.1.15) 514 Jackson 2006 - 0.92(0.75,1.12) 55.61
Prince 2006 - 0.7 (0.69,1.10) 363 Salovaara 2010 —_— 0.70 (0.30, 1.64) 312
Reid 2006 = 0.92(0.75,1.14) 449 Subtotal (I-squared = 0.0%, p = 0.780) ¢ 0.90 (0.74,1.09); P=0268  59.17
Subtotal (I-squared = 21.3%, p = 0.267) Lo 088 (0.75,1.03);P=0.118 1366 . y
Overall (I-squared = 0.0%, p = 0.632) 0.95 (0.91,1.00); P=0.034 100.00 Overall (I-squared = 0.0%, p = 0.968) Q 0.87(0.75,1.01); P=0.068  100.00
NOTE: Weights are from random effects analxsis y NOTE: Weights are from random effects analysis E
A 351 2 B 351 3
Study % Study %
D RR (959 CI) Weight D RR (95% CI) Weight
calcium and vitamin D : calcium and vitamin D 1
Chapuy 1992 -~ 075 (0.62,0.91) 9.21 Chapuy 1992 - 0.74(0.56,0.97) 2030
Dawson-Hughes 1997 e 0.46 (0.23,0.90) 0.79 Dawson-Hughes 1997 0.36 (0.01,8.78) 041
Chapuy 2002 - 1.00 (069, 1.44) 2.58 Chapuy 2002 — 0.62(0.36, 1.07) 9.90
Avenell 2004 0 067{0.12,375) 012 Avenell 2004 1.00 (0.07, 15.36) 055
Harwood 2004 —_— 059 (0.19,1.81) 029 " 451603769 e
Grant2005 S 0.95(0.78,1.15) 862 Porthouse 2005 —_— 071(0:31,1.64) 506
Jackson 2006 % 0.98(092,1.04) 2458 Grant 2005 —— 1.14(0.76,1.73) 13.97
Bolton—Smith 2007 -« 0.98 (0.14,6.76) 010 T ekeon 2006 - O8E672107) Siiee
Salovaara 2010 — 0.88 (0.64, 1.20) 3.66 aT aeh 2010 4 2'03 0'37' 1'1 " r 4‘0
Subtotal (I-squared = 34.1%, p = 0.145) e 089 (0.79,1.00); P=0.045 8024 Selovaar 03(037,11.06) -
; : Subtotal (I-squared = 0.0%, p = 0.649) Lo, 0.84(0.73,0.97);P=0.017  76.80
calcium i )
Reid 1993 T— 0.33(0.07,1.57) 0.15 calclum
Riggs 1998 —_ 090 (0.41,1.96) 060 Reid 1993 0.20 (0.01,4.03) 0.46
Peacock 2000 R A 118(052,268) 054 Baron'1999 301(012,7377) 041
Avenell 2004 —_— 161(0:39,662) 018 Avenell 2004 1.21(0.08,18.46) 0.56
Grant 2005 ] 093 (0.76,1.13) 856 Grant 2005 —— 1.21(0.81,1.83) 1421
Prince 2006 —4+ 0.83(0.62,1.11) 4.03 Prince 2006 - 1.83(0.68,4.93) 3.79
Reid 2006 —_—— 0.99 (0.77,1.27) 5.69 Reid 2006 —_— 3.43(1.27,9.26) 378
Subtotal (I-squared = 0.0%, p = 0.749) 0.93 (0.81,1.06); P=0.266 19.76 Subtotal (I—squared = 12.9%, p = 0.332) <> 1.53(0.97,2.42); P=0.066  23.20
Overall (i—squared = 4.2% p = 0.405) 093 (0.88,0.99); P=0.019 100,00 Overall (i—squared = 26.1%, p = 0.147) <] 0.96(0.78,1.18);P=0.679  100.00
NOTE: Weights are from random effects analysis EI : NOTE: Weights are from random effects analysis
C 3 5 1 2 D 3s o1 2

Figure 2. Effect of calcium supplementation on the risk of (A) total fracture, (B) vertebral fracture, (C) nonvertebral fracture, and (D) hip fracture.
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P = 0.380). Sensitivity analysis revealed that the pooled conclusion
was unaltered by the sequential removal of individual trials (Figure 3).
On the other hand, subgroup analysis revealed that combined calcium
supplementation was associated with reduced risk of total fracture
when the mean age of individuals = 70.0 years, history of fracture,
irrespective of the calcium dose, did not combine with vitamin D, and
irrespective of follow-up duration (Table 2). It was also observed that
the reduced risk of total fracture in the subgroup of calcium dose
> 1.2 gwas greater than that in the subgroup of calcium dose < 1.2 g
(RR: 0.31;95% Cl: 0.13-0.73; P = 0.008). A potential publication bias
was found for total fracture (P-value for Egger’s test: 0.004; P-value for
Begg's test: 0.074), and the pooled conclusion was unaltered when
adjusted using the trim-and-fill method (Figure 4).

Vertebral fracture

Atotal of 11 trials reported the effects of calcium supplementation on
the risk of vertebral fracture. It was found that the supplementation
did not exert a significant effect on the risk of vertebral fracture
(RR:0.87;95% CI: 0.75-1.01; P = 0.074; Figure 2B), and there was
no evidence of heterogeneity among the included trials (2 = 0.0%;
P = 0.970). The pooled conclusion was solid and unaltered by
the sequential removal of individual studies (Figure 3). Subgroup
analysis revealed that calcium supplementation was associated
with reduced risk of vertebral fracture in pooled trials with moderate
quality (Table 2). In addition, no significant publication bias was
observed for vertebral fracture (P-value for Egger’s test: 0.143;
P-value for Begg's test: 0.300; Figure 4).

Meta-analysis estimates, given named study is omitted
| Lower Cl Limit OEstimate | Upper CI Limit

luliano 2021 [41] I O |
Grant 2005 [32] I |
Reid 1993 [22] | 134 i
Prince 2006 [35] I |
Baron 1999 [26] | 24 i
Inkovaara 1983 [19]
Avenell 2004 [29]
Reid 2006 [36] I 1
Grant 2005 [32] I o |
Jackson 2006 [34] |
Porthouse 2005 [31] | G
Harwood 2004 [30] I
Xue 2017 [40] | ©
Inkovaara 1983 [19]
Liu 2015391 |
Larsen 2005 [33] I
Larsen 2005 [33]
Avenell 2004 [29] I
Salovaara 2010 [38] I 2] 1

1
A 0.84 0.88 0.93 0.991.00

Meta-analysis estimates, given named study is omitted
| Lower CI Limit OEstimate | Upper CI Limit

Grant 2005 [32] I d I
Reid 1993 [22] b

Prince 2006 [35] | |

Avenell 2004 [29]

Hansson 1987 [20]

Peacock 2000 [27] I O 1
Reid 2006 [36] I 10} |

Riggs 1998 [25]

Recker 1996 [23] I |
Grant 2005 [32]

Jackson 2006 [34] |

Avenell 2004 [29]

Salovaara 2010 [38] | o 1

1
B 0.65 0.75 0.87 1.01 1.04

Figure 3. (A) Sensitivity analysis for the risk of total fracture. (B) Sensitivity analysis for the risk of vertebral fracture.

Table 2. Subgroup analyses for fracture at varies sites.

Outcomes Factors Subgroup | RRand95%Cl | Pvalue | 12(%) [Pvalueforl2 R:u'l‘g’f;:”;:“ P ":l'l‘;z:’::‘g:e"
T S N o o TP
T e e T
TP i 1 R o 2 TR T
= = = ey g
S e S T T
Combined with vitamin D e 2% }83?53;3 u 0 0820 1.16(0.98-137) 0.089
Follow-up duration =32 2% Egggéggg o 50 S 120(0.96-151) 0.110
T e T = vy
T o 11 i N TPy
w e T
T — A B TRy
= = = == == =y
T A e ey g
Combined with vitamin D T\f; 0% Eggg] 83; 2% 50 181 1.08(080-1.47 0.600
Followtp dration 230 087 (0.75-1.01) | 0074 00 0970
T i T
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Outcomes Factors Subgroup RR and 95%ClI P value 12(%) [P value for 12 R::::::xz:n P V::;z:)e:::en
> 70.0 0.88 (0.80-0.97) 0.009 2.7 0.417 )
Mean age <70.0 0.97 (0.92-1.03) | 0391 0.0 0674 | 091(081-101) 0.087
Female 0.91(0.84-1.00) 0.046 14.5 0.309 )
Sex Both 0.9 (0.80-1.06) | 0.253 32 0306 | 0-99(084-1.17) 0897
. Yes 0.97(0.92-1.02) 0.203 0.0 0.944 B
Prior fracture No 0.80 (0.67-0.96) 0.018 5.4 0.366 1.21(1.01-1.46) 0.044
' > 20.0 0.87 (0.71-1.05) 0.147 7.9 0.368
Non-vertebral Basaline 25 OHD <200 097 (0.92-1.02) | 0271 0.0 097 | %0(0731.10) 0292
fracture : >1.2 0.80 (0.68-0.95) 0.009 0.0 0.380
Dose of calcium <12 0.96 (0.91-1.01) 0137 0.0 0.636 0.83(0.70-0.99) 0.041
. T Yes 0.89 (0.79-1.00) 0.052 35.0 0.138
Combined with vitamin D No 0.93 (0.81-1.06) 0.260 0.0 0.752 0.96 (0.80-1.14) 0.630
) . > 3.0 0.96 (0.91-1.01) 0.144 0.0 0.614 3
Follow-up duration <30 0.79 (0.67-0.94) 0.007 0.0 0540 1.22 (1.02-1.45) 0.031
. High 0.89 (0.79-0.99) 0.040 494 0.054 .
Study quality Low 095 (0.79-1.13) | 0551 0.0 0960 | 0-94(076-1.16) 0546
> 70.0 0.92 (0.69-1.22) 0.559 49.7 0.025 )
Mean age <70.0 0.89(0.73-1.08) | 0236 0.0 0490 | 108(073-146) 0.851
Female 0.90 (0.68-1.20) 0.481 44.8 0.070
Sex Both 092 (0.63-1.35) | 0.662 36.8 0.148 | 0-98(061-1.57) 0928
. Yes 1.02 (0.77-1.35) 0.886 46.8 0.043 ’
Prior fracture No 0.71(056-0.91) 0.007 0.0 0.618 1.44 (0.99-2.08) 0.056
i > 20.0 1.76 (0.69-4.48) 0.237 31.9 0.221 ]
Hip frachre Baseline 25 OHD <200 0.95 (0.78-1.16) 0.612 16.4 0.308 1.85(0.71-4.82) 0.206
. >1.2 0.72 (0.56-0.92) 0.008 0.0 0.580 )
Dose of calcium <10 100 (0.76-1.31) 0.984 204 0.065 0.72 (0.50-1.04) 0.081
. o Yes 0.84 (0.73-0.97) 0.018 0.0 0.655
Combined with vitamin D No 121 (0.64-2.27) 0.554 65.8 0.007 0.69 (0.36-1.33) 0.270
: . > 3.0 1.14 (0.89-1.47) 0.306 21.4 0.239 ’
Follow-up duration <30 0.67 (0.54-0.82) <0001 0.0 0.808 1.70 (1.23-2.36) 0.001
i High 0.85 (0.69-1.05) 0.139 42.0 0.078 )
Study quality Low 1.37(0.682.79) | 0.381 226 0264 | 0-62(0.30-1.30) 0.204
Funnel plot with pseudo 95% confidence limits Funnel plot with pseudo 95% confidence limits
// \\ = A
/o i’ \\\ //.1. \\\\
? 4 \ / %
= / \ w VA S
§ /// ) \\\ % 4 \\\
g ik 5 5. | 7 N
E // ¢ ° E i': // L \\\
el // 2 // \\
N // ° g o v 2 AN
/ . =] ! . \\\
// \\ ° 8N
’ ° \
A = B Iog;’ RR . ! 5 i & Iogo RR ? )
Pvalue for Egger: 0,004 P value for Begg: 0074 P value for Egger: 0.143 P value for Begg: 0.300

Figure 4. (A) Funnel plot for total fracture. (B) Funnel plot for vertebral fracture.

Nonvertebral fracture

A total of 14 trials reported the effects of calcium supplementa-
tion on the risk of nonvertebral fracture. It was observed that the
supplementation significantly reduced the risk of nonvertebral
fracture (RR: 0.93; 95% CI: 0.87-0.99; P = 0.023; Figure 2C).
No significant heterogeneity was found for nonvertebral fracture
across the included trials (P = 5.3%; P = 0.393). The pooled conclu-
sion was variable due to the marginal 95% ClI (Figure 3). Subgroup
analysis revealed that calcium supplementation was associated with
reduced risk of nonvertebral fracture for individuals with a mean
age of =70.0 years, female sex, no history of fracture, calcium dose
= 1.2 g, follow-up duration < 3.0 years, and studies with high quality
(Table 2). Furthermore, the effects of calcium supplementation on
the risk of nonvertebral fracture could be affected by a history of
fracture (RR: 1.21; 95% CI. 1.01-1.46; P = 0.044), calcium dose
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(RR: 0.83; 95% CI: 0.70-0.99; P = 0.041), and follow-up duration
(RR: 1.22; 95% CI: 1.02-1.45; P = 0.031). No significant publication
bias for nonvertebral fracture was observed (P-value for Egger’s
test: 0.081; P-value for Begg'’s test: 0.964; Figure 4).

Hip fracture

Atotal of 14 trials reported the effects of calcium supplementation on
the risk of hip fracture. The result indicated that the supplementation
was not associated with the risk of hip fracture (RR: 0.90; 95%
Cl: 0.73-1.12; P = 0.355; Figure 2D), and significant hetero-
geneity was observed across the included trials (/2 = 38.4%;
P =0.059). Sensitivity analysis revealed that the pooled conclusion
was unaltered by the exclusion of any particular trial (Figure 3).
Subgroup analysis revealed that calcium could protect against the
risk of hip fracture for patients with no history of fracture, calcium
dose = 1.2 g, vitamin D supplementation, and follow-up duration
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< 3.0 years (Table 2). No significant publication bias was observed
for hip fracture (P-value for Egger’s test: 0.521; P-value for Begg's
test: 0.893; Figure 4).

DISCUSSION

In this study, 23 RCTs were analyzed to determine the effect of
calcium supplementation on the risk of total, vertebral, nonvertebral,
and hip fractures. The results indicated that calcium supplementation
can significantly reduce the risk of total and nonvertebral fractures
whereas it does not have an effect on the risk of vertebral and hip
fractures. The effect of calcium supplementation on the risk of total
fracture could be affected by the calcium dose whereas that on
the risk of nonvertebral fracture could be affected by a history of
fracture, calcium dose, and follow-up duration. On the other hand,
the effect of calcium supplementation on the risk of hip fracture
could be affected by follow-up duration.

Several systematic reviews and meta-analyses have demonstrat-
ed the effect of calcium supplementation on the risk of fracture.
Weaver et al. conducted a meta-analysis of eight studies and
reported that combined calcium and vitamin D supplementation
was associated with reduced risk of total and hip fractures. They
suggested that calcium and vitamin D supplementation be given
to both community-dwelling and institutionalized middle-aged
to older adults.*? However, they did not investigate the effects of
calcium supplementation alone and those of combined calcium
and vitamin D supplementation on the risk of fracture in a specific
subpopulation. Zhao et al. conducted a meta-analysis of 33 RCTs
to determine the effect of calcium or vitamin D supplementation on
the risk of fracture in community-dwelling older adults. They reported
that calcium, vitamin D, or the combined use of both did not affect
the risk of fracture among these individuals.*® This nonsignificant
effect of calcium supplementation alone or the combined calcium
and vitamin D supplementation might vary according to the pooled
analysis. Therefore, the present meta-analysis was conducted to
determine the effect of calcium supplementation on the risk of
fracture in older adults.

As reported in previous meta-analyses, calcium supplementation
could exert a protective effect against the risk of total fracture.
Majority of the included trials did not observe a significant difference
between calcium and placebo in the effect on the risk of total frac-
ture, whereas a trial conducted by Baron et al. found that calcium
supplementation was associated with reduced risk of total fracture.?’
This trial used recurrent colorectal adenomas as the primary end-
point, and this significant effect may have occurred incidentally.
Subgroup analysis revealed that calcium supplementation could

exert a protective affect against the risk of total fracture in individuals
with a mean age of =70.0 years, history of fracture, irrespective
of calcium dose, did not combine with vitamin D, and irrespective
of follow-up duration. Consistent with a previous meta-analysis,*?
this study found that calcium supplementation had no significant
effect on the risk of vertebral fractures, regardless of the use or
nonuse of vitamin D. All the trials pooled for this study had similar
conclusions; in addition, the number of events that occurred was
lower than expected, and broad 95% Cl values were obtained.
The results of this study suggest that calcium supplementation
significantly reduces the risk of nonvertebral fractures, particularly
when used in combination with vitamin D. This is probably because
vitamin D promotes calcium absorption in the gut whereas serum
calcium maintains normal bone mineralization.*? Furthermore,
the benefits of calcium supplementation were mainly detected
in the subgroups of individuals with a mean age of =70.0 years,
female sex, no history of fracture, calcium dose = 1.2 g, follow-up
duration < 3.0 years, and studies with high quality. These results
suggested that the beneficial effects of calcium supplementation
on the risk of nonvertebral fracture were more evident in individuals
with the aforementioned characteristics. Contrary to the previous
meta-analysis, the present study did not find evidence to support
that calcium supplementation can reduce the risk of hip fractures.
This discrepancy could be attributed mainly to the fact that the
studies included in the previous meta-analysis used combined
calcium and vitamin D supplementation.*? Subgroup analysis
demonstrated the beneficial effect of calcium supplementation
on the risk of hip fracture mainly in individuals with no history of
fracture, calcium dose = 1.2 g, combined use of vitamin D, and
follow-up duration < 3.0 years. The reason for this could be that
these characteristics were associated with a greater requirement
for calcium, which could slow the progression of hip fracture.
This study has the following limitations that need to be acknowl-
edged: (1) the inclusion of different population characteristics can
lead to variations in the intake of calcium or vitamin D through
food, which can influence the occurrence of fractures; (2) most
trials did not define fracture as a primary endpoint, and the power
was not sufficient to detect the difference between calcium and
placebo; and (3) there were inherent limitations for meta-analysis
based on published articles, including inevitable publication bias
and restricted detailed analyses.

In conclusion, this study demonstrates that calcium supplementation
exerts a protective effect against the risk of total and nonvertebral
fractures. However, the long-term effects of calcium on the risk of
fracture require further investigation, and the dose-response for
background vitamin D use should be identified in older adults.
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ABSTRACT

The classification of knee osteoarthritis allows assessment of disease
severity and may be useful in guiding treatment decisions. One of the
most widely used systems for this purpose is the Ahlback classification.
This study aimed to compare the original description of the Ahlback
classification with how it has been reported and cited by other authors
in subsequent publications. We conducted a search in the PubMed,
Embase, and Cochrane databases for articles containing exclusively
the terms “knee”, “osteoarthritis”, “osteoarthrosis”, and “Ahlback
classification”. After applying the inclusion and exclusion criteria,
64 articles remained. These articles were analyzed in two aspects:
the description of the Ahlback classification (categorized as correct,
partially correct, or incorrect) and the accuracy of the reference
citation (correctly or incorrectly cited). Only 10 articles (15.6%) correctly
described the Ahlback classification and cited the original source
properly. In contrast, 37 publications (58.4%) contained errors both
in the description of the classification and the citation. Conversely, 37
publications (58.4%) contained errors both in the description of the
classification and in the bibliographic reference. The proportion of
articles that accurately described and cited the Ahlback classification
was markedly low, comprising only 15.6% of those included in this
systematic review. Level of Evidence llI; Systematic Review.

Keywords: Knee, Osteoarthritis, Ahlback Classification.

RESUMO

A classificagdo da gonartrose permite avaliar a gravidade da doenga
e pode ser util na escolha do tratamento. Uma das classificagées
mais frequentemente usadas para esse proposito é a classificagdo
de Ahlbéack. O objetivo deste estudo foi comparar a descri¢éo original
da classificagéo de Ahlbdck com o que outros autores escreveram
Sobre essa categorizagdo e como a citaram, em artigos subsequentes.
Realizamos uma pesquisa no PubMed, Embase e Cochrane por artigos
contendo exclusivamente 0s conjuntos de palavras “joelho”, “osteoar-
trite”, “osteoartrose”, “classificagdo de Ahlbéck”. Apés aplicarmos 0s
critérios de exclusao e incluséo restaram 64 artigos. Esses artigos foram
classificados em dois aspectos: quanto a descricao da classificagdo
de Ahlbédck (correta, total ou parcial, e incorreta) e quanto as referéncias
bibliograficas (citadas corretamente ou de forma equivocada). Apenas
10artigos incluidos em nossa reviséo sistematica (15,6%) descreveram
corretamente a classificagdo de Ahlback e sua respectiva citagao.
Em contrapartida, 37 publicacées (58,4%) apresentaram erros tanto
na descricdo da classificagdo quanto na referéncia bibliografica.
A porcentagem de artigos que descreveram corretamente tanto a escala
de Ahlbéck quanto sua citagdo nas referéncias foi bastante reduzida,
correspondendo a apenas 15,6% das publicagées incluidas nesta
revisao sistematica. Nivel de Evidéncia lll; Revisao Sistematica.

Descritores: Joelho; Osteoartrose; Classificagao De Ahlback;
Osteoartrite.

Citation: Gali JC, Novais IS, Carletti LA, Cruz PRA, Caetano EB. Has the Ahlb&ck classification been accurately described and cited?. Acta Ortop
Bras. [online]. 2025;33(6) Esp.: Page 1 of 7. Available from URL: http://www.scielo.br/aob.

INTRODUCTION

The classifications of knee osteoarthritis aim primarily to reflect
cartilage loss and disease severity, as well as to assist orthopedic
surgeons in treatment selection, particularly for patients requiring
surgery, such as total knee arthroplasty.! In gonarthrosis, radi-
ography is essential for assessing joint involvement and guiding

treatment. Due to the varied presentations of knee osteoarthritis,
clinical and radiographic classification is fundamental for defining
management strategies and analyzing therapeutic outcomes.

In 1968, the Swedish radiologist Sven Olof Ahlback (1927-1995;
Figure 1), from the Department of Radiology at St. Géran Hospital in
Stockholm, published a monograph? emphasizing the importance
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Figure 1. Portrait of Sven Olof Ahlb&ck.

of weight-bearing anteroposterior knee radiographs to identify
osteoarthritis in joints that appeared normal when assessed by
other methods.

In this publication,2 Ahlback described the presence of bone de-
fects, possibly caused by friction between the articular surfaces,
classifying them into three categories according to size: less than
5 mm, between 5 and 10 mm, and greater than 10 mm. He also
mentioned that osteoarthritis could be classified based on the
location of cartilage destruction: medial femorotibial, lateral fem-
orotibial, and patellofemoral.

In 1980, Ahlbé&ck et al.3 described a radiographic classification of
knee osteoarthritis based on the measurement of articular cartilage
and subchondral bone destruction. This analysis included 359
radiographs of knees with medial osteoarthritis, surgically treated
with total arthroplasty. The description of this grading system is
presented in Table 1.

The “so-called Ahlback classification™ was first cited in the scientific
literature in 1987 by Lindberg et al.®> and continues to be used
today. Although some authors have pointed out advantages in
using this method,"®7 others have reported limitations such as low
reliability[] or reproducibility?, as well as moderate interobserver
reliability and moderate correlation with arthroscopic findings.®
Despite these limitations, the Ahlback classification is one of the
most frequently cited in the literature®'® and is commonly used to
guide therapeutic decisions,*'" including being recommended by
the Knee Committee of the International Society of Arthroscopy,
Knee Surgery, and Orthopaedic Sports Medicine (ISAKOS) for
surgical indication of knee osteoarthritis.'2

However, we identified publications that incorrectly described the
Ahlb&ck classifications and also cited their references inaccurately.
Thus, our objective was to compare the classifications described
in Ahlback’s monograph? and in the publication by Ahlback et al.3

Table 1. Ahlback & Rydberg Classification (based on articular cartilage
and subchondral bone destruction).

Moderate cartilage destruction

Grade 1 - )
(joint space narrowing)
Grade 2 Complete cartilage destruction
(joint space obliterated or nearly obliterated)

Grade 3 Minor bone attrition (<0.5 cm)
Grade 4 Moderate bone attrition (between 0.5 and 1.5 cm)
Grade 5 Severe bone attrition (>1.5 cm)

Acta Ortop Bras.2025;33(6):€296115

with those mentioned in the articles that used them in their bib-
liography. We also sought to analyze how these classifications
were cited, aiming to guide future authors who intend to use and
reference them appropriately. Our goal, however, was not to assess
the effectiveness of this classification or to compare it with other
scales that also serve to categorize knee osteoarthritis.

MATERIALS AND METHODS

This systematic review was conducted in accordance with the
PRISMA 2020 statement guidelines.'® The search for articles that
used the Ahlb&ck classification® was carried out by two independent
authors (ISN and LAC) in the PubMed, Embase, and Cochrane
databases, covering the period from 1987 — the date of the first
publication that applied this grading — up to January 2, 2025. The
following keywords were used: “knee,” “osteoarthritis,” “arthrosis,”
“Ahlbé&ck classification.” For practical purposes, we considered both
the Ahlback? and the Ahlback et al .2 classifications as belonging to
the “Ahlback classification,” as generally described in the literature.*
The bibliographic search was manually filtered by the senior author
(JCG) to identify eligible and ineligible articles. This selection was
performed once and subsequently re-verified on two additional
occasions.

Inclusion criteria were: full-text published articles; those in which the
Ahlback classification was at least partially described in the text;
and where the scales were listed in the references, in addition to
articles published in English (with the exception of Ahlb&ck et al 3,
published in Swedish). Exclusion criteria were: publications that
could not be fully retrieved from libraries or through requests to the
authors by email; articles published in languages other than English;
conference proceedings or abstracts; publications addressing
subjects other than osteoarthritis; articles in which the Ahlback
classifications were not found in the references; and publications
in which the Ahlback categorizations were not presented in whole
or in part, or where only a citation was provided.

The included articles were compared with the original descriptions
of the classifications found in Ahlb&ck’s monograph? and in the
publication by Ahlb&ck et al.3. We verified how these classifications
were described and cited in the analyzed publications. The articles
were organized by the senior author (JCG) regarding the description
of the Ahlb&ck classification into two categories: those that pre-
sented the classification correctly (in whole or in part) in the text,
and those in which the scale was incorrectly reported. Publications
were also divided, with respect to references, into two categories:
those in which the classification was correctly cited and those in
which it was cited incorrectly.

Finally, we sought to identify how many subsequent publications
used as references the articles in which the classification and citation
were incorrectly described. This screening, as well as the search for
articles citing publications with imprecise grading and references, was
initially performed and re-verified on two additional occasions by the
senior author (JCG). The review of excluded publications, categori-
zation of included articles, and results of the search for publications
referencing articles with inaccurate classification and citation were
sent to two independent authors (ISN and LAC) for validation, review,
and suggestions for modifications. In case of disagreement, the final
decision was made jointly by all three authors (ISN, LAC, and JCG).

"o«

RESULTS

Our search identified a total of 267 articles, in addition to the two
original publications by Ahlback2 and Ahlback et al.? The following
were excluded: five publications that could not be obtained in full,
even after attempts through libraries and by contacting the authors
via email; 34 articles published in languages other than English (10 in
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Chinese, seven in French, five in German, five in Turkish, two in Polish,
two in Spanish, one in Portuguese, one in Croatian, and one in Lith-
uanian); 40 articles consisting of conference or congress abstracts;
eight publications whose topic was not related to osteoarthritis (six
on osteonecrosis, one on patella alta, and one on scintigraphy for
evaluation of the femoral condyles); 57 articles in which the Ahlback
classification was not found in the references; and 58 publications
that did not present the Ahlback classification in whole or in part
in the text, or that only mentioned it without adequate description.
Thus, 64 articles were included in the analysis, in addition to the
two original publications. (Figure 2)

Of the 64 articles analyzed, only 24 (36.9%) presented the Ahl-
back classification correctly. Six publications®'*'® used the 1968
article,? 17 articles'-% used the 1980° article and, one article used
both scales?*. On the other hand, 40 articles (62.5%) reported the
classification incorrectly. Six of them included grade 0,5":36-3% four
included grade 6,%°*3 both of which do not exist in the original
scale; 10 reported the scale in a way very different from the original
description**%3:and 20 described grade 4 as attrition between 5
and 10 mm and grade 5 as attrition greater than 10 mm.! 7-10.54-68
With regard to citation of the reference, in 13 articles (20.3%)
it was done correctly. Six of them?®'%'8 cited the 1968 publica-
tion?, five,29:30.46:5263 cited the 1980 publication® and two,*3' cited
both articles. However, only two of the seven articles that ade-
quately mentioned the 1980 publication cited it perfectly, includ-
ing page 2096.3%52 Conversely, 51 (79.6%) publications cited it
inoorrectly.1'6'11‘19'28’32'45’47'51‘53'62’64'68

We found 10 articles (15.6%) in which both the classification and cita-
tion were correctly reported*14-18.28-31 and, in 37 (58.4%), both clas-
sification and citation were incorrectly described.!"-121:36-45.47-6153-68
The information contained in the two paragraphs above is summa-
rized in Table 2. Finally, we identified 766 publications that used
as references articles in which the classification and citation were
inaccurately described.

DISCUSSION

The main finding of this study was that the number of articles
that correctly described the Ahlback classification and those that

used exact citation in the references, with precise information on
the publication journal, is small (36.9% and 20.3%, respectively).
On the other hand, only 10 of the articles in our selection (15.6%)
correctly described both the classification and citation, whereas
in 37 of them (58.4%), both the classification and the citation
were incorrect.

Among the 64 articles included in our review, 24 (36.9%) correctly
described the classifications. Of these, six publications (25%)°418
used the 1968 classification,? articles (70.8%)'°% used the 1980
classification® and one publication (4.16%) used both scales.*
On the other hand, 40 publications (62.5%) described the clas-
sification incorrectly. The inaccuracies identified were: inclusion
of grade 0, absent in the original scale, in six articles (15%),6:11.36-3
inclusion of grade 6, also absent in the original scale, in four
publications (10%),%%-43 description of the classification in a way
significantly different from the original in 10 articles (25%),**-5% and
misinterpretation of grades 4 and 5, in which grade 4 was described
as attrition between 5 and 10 mm and grade 5 as attrition greater
than 10 mm, in 20 publications (50%)."7-10:54-68

While we did not identify a probable explanation for the first three
inaccuracies, the last error likely resulted from confusion between
the description of bone defects presented in Ahlback’s 1968 mono-
graph2 and the classification developed by Ahlback et al. in 1980.3
In the 1968 monograph?, Ahlback described bone defects as being
smaller than 5 mm, between 5 and 10 mm, and greater than 10 mm.
In the 1980 classification,?® however, grade 3 corresponds to minor
bone attrition (<0.5 cm), grade 4 to moderate attrition (between 0.5
and 1.5 cm), and grade 5 to severe attrition (>1.5 cm).

Confusing this information may lead to an erroneous assessment
of osteoarthritis classification and, consequently, to inappropriate
therapeutic decisions if they are based on joint attrition grading.
For example, a patient with 12 mm of bone attrition should be
classified as grade 4 and not grade 5, according to the 1980 clas-
sification.® The lack of uniformity in osteoarthritis classifications
may hinder treatment indication as well as the interpretation and
comparison of results across different authors, especially when
these are based on gonarthrosis grades assessed by weight-
bearing anteroposterior radiographs.

[Research at PubMed, Embase and Cochrane]

266 articles

34 articies not
published in English

5 publications not
fully retriewed

consisting of
conference or

40 articles 8 publications on

topics other than
osteoarthrosis

—>EXCLUDED

congress

179 articles

58 publications without
description of Ahlback's
categorizations

57 papers without Ahlback’s

classifications in the references = EXCLUDED

[ 64 eligible articles ]

Figure 2. Summary of the systematic review methodology.
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Table 2. Comparison of published information on the Ahlback classification and its citations in the literature, with respective authors and year of

publication.
Authors Year of publication Correct classification Incorrect classification Correct citation Incorrect citation
Lindberg & Montgomery® 1987 . .
Lysholm et al.*® 1987 . .
Bert et al."! 1989 . .

Barrett et al.™ 1990 . .

Keyes et al.>* 1992 . .
Rockborn et al.’® 1996 . .
Petersson et al.° 1997 . .
Sahlstrém et al.® 1997 . .
Petersson et al.% 1997 . .
Sahlstrém et al.*' 1997 . .

Larsson et al.?? 1998 . .
Gillquist & Messner* 1999 . .

Davies et al.”® 1999 . .

Gidwani et al.* 2003 . .

Hung et al.*® 2003 . .

Galli et al.® 2003 . .

Rademakers et al.*s 2004 . .

Tang etal.® 2004 . .

Tang etal.* 2005 . .
Sisto & Mitchell ¢ 2005 . .

Weidow et al.* 2006 . .

Sisto & Sarin 7 2006 . .
Kijowski et al.%® 2006 . .
Hing et al.’® 2007 . .

Rademakers et al.*’ 2007 . .
Beard etal.*® 2007 . .
Becker et al.*® 2008 . .

Lidén et al.® 2008 . .

Rademakers et al.® 2009 . .

Turajane et al.?8 2009 . .
Ventura et al.%® 2010 . .
Parmaksizollu et al.” 2010 . .
McDonnell et al.¥’ 2011 . .
Marcacci et al.%' 2011 . .
Brucker et al.% 2011 . .
Hernandez-Vaquero et al.' 2012 . .

Moon et al.?® 2013 . .

Staikos et al.? 2013 . .

Wright et al.? 2014 . .
Waldstein et al.¥ 2014 . .

Lietal® 2015 . .

Garrido et al.” 2015 . .

Ghinelli et al.*® 2016 . .

Martins et al.® 2016 . .

Talic-Tanovic et al.®? 2017 . .

Skou et al.® 2017 . .

Kose et al.'" 2018 . .

Belk et al.%® 2018 . .
Elveos et al.® 2018 . .
Kinsey et al.*® 2018 . .

Lim et al.5! 2019 . .
Keenan et al.' 2020 . .
Identeg et al.5® 2020 . .
Albergo et al.*® 2020 . .

Wing et al.®? 2021 . .
Pedersen et al.%® 2021 . .

Jarecki et al.% 2021 . .
Eckersley et al.® 2021 . .

Zambianchi et al.% 2021 . .
Jarecki et al.5” 2022 . .

Nakayama et al.’ 2023 . .

Obara etal.®* 2023 . .
Térnblom et al.® 2024 . .
Schippers et al.%® 2024 . .

1 2 3 4
24 40 13 51
37.50% 62.50% 20.31% 79.69%
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Regarding bibliographic references, only 13 publications cited the
original sources correctly. Among them, six articles®''® correctly
mentioned the 1968 publication?, five?®3046:5263 gppropriately cited
the 1980 publication® and, in two publications both references were
cited.*3" However, only two of these seven articles (28.5%) in which
the Ahlback classification was correctly used inserted the reference
to the specific page (page 2096).30.52

This failure can be explained by a detail in the Ahlback et al. pub-
lication.® The original article, published in Lakartidningen, begins
on page 2091 and appears to end on page 2093. After that page,
there is an intercalated publication, which may give the impression
that the article had ended. However, the publication resumes on
page 2096, where the complete classification is described. This
layout of the journal may have induced citation errors.

In 51 articles, the bibliographic references did not correspond
to the classification described in the text '6-11:19-28.32-45,47-51,53-62,64
Among these, ning'!23:2426.28.3436.38.39 accyrately reported the 1980
classification®in the text of the publication but inexplicably cited
the 1968 classification.? Surprisingly, classification and citation
were both correctly reported in only 10 articles (15.6%)*514-18.29-31
whereas in 37 publications (58.4%), both classification and citation
were incorrectly described.!7-11:21:36-4547-51,53-68

We identified 766 publications that used as references the 37
articles in which the classification and citation were inaccurately
described. This represents an average of more than 20.7 citations
per erroneous article, demonstrating a significant multiplier effect.
Such propagation of errors may contribute to the dissemination of
bias and generate methodological inconsistencies in the literature,
compromising standardization, reproducibility, and comparability
of results in subsequent studies.

In summary, for the appropriate use of the Ahlback knee osteo-
arthritis grading classification on weight-bearing anteroposterior
radiographs, it is recommended to use the Ahlback et a.2 publica-
tion as the reference, since it contains the description of the knee
osteoarthritis grading according to joint attrition. Authors should cite
the original sources correctly, including page 2096 in the reference

to the 1980 publication? and carefully review the description of the
classification grades, avoiding adaptations or modifications not
grounded in the original literature, as these may impact therapeutic
approaches, particularly in the evaluation of outcomes.

Our study has some limitations. It was not possible to obtain all
publications identified in the search, even after library requests and
direct attempts to contact the authors by email. Furthermore, we
excluded articles in which only the osteoarthritis categorization was
described but not cited in the bibliography, and vice versa. We also
did not perform comparisons between the Ahlback classification
and other classifications used internationally, nor those including
lateral radiographs, since our aim was solely to compare the original
texts of Ahlback’s 1968 article, and the 1980 publication by Ahlbéck
et al.3, with what was written in subsequent works that used the clas-
sifications and cited them in their references. The clinical relevance
of this study lies in emphasizing the importance of correctly using
the Ahlback classification, aiming at standardization of therapeutic
decisions and accurate evaluation of outcomes.

CONCLUSION

Although the Ahlback classification continues to be used for radio-
graphic assessment of knee osteoarthritis, only 10 of the articles
in our systematic review (15.6%) correctly described both the clas-
sification and its citation, whereas in 37 of them (58.4%), both were
incorrectly reported. The latter were cited as references in 766
publications, which may have contributed to the dissemination of
bias and methodological inconsistencies in the scientific literature.

ACKNOWLEDGMENTS

We would like to thank Isabel Cristina Campos Feitosa, Library
Science Analyst, for her effort in obtaining the original article by
Ahlb&ck & Rydberg; library assistant Vera Lucia de Jesus Mescoki;
and Dr. Karsten Ahlbeck, Head of the Multidisciplinary Pain Unit at
Capio St. Géran’s Hospital in Stockholm, Sweden, for sending us
the portrait of Dr. Ahlb&ck.

AUTHOR’S CONTRIBUTION: Each author contributed individually and significantly to the development of this article. JCG: conception, interpretation, and
drafting of the article; ISN and LAC: review, analysis, and interpretation of the data; PRAC: data acquisition and critical review of its intellectual content; SRP:

critical review of intellectual content; EBC: manuscript review.

REFERENCES

1. Keenan OJF, Holland G, Maempel JF, Keating JF, Scott CEH. Correlations
between radiological classification systems and confirmed cartilage loss
in severe knee osteoarthritis. Bone Joint J. 2020;102-B(3):301-309. doi:
10.1302/0301-620X.102B3.BJJ-2019-0337.R1.

2. Ahlbéack S. Osteoarthrosis of the knee. A radiographic investigation. Acta Radiol
Diagn (Stockh). 1968:Suppl 277:7-72.

3. Ahlback S, Rydberg J. X-ray classification and examination technics in gonar-
throsis. Lakartidningen. 1980;77(22):2091-3, 2096.

4. Weidow J, Cederlund CG, Ranstam J, Karrholm J. Ahlb&ck grading of osteoar-
thritis of the knee: poor reproducibility and validity based on visual inspection
of the joint. Acta Orthop. 2006;77(2):262-6. doi: 10.1080/17453670610046000.

5. Lindberg H, Montgomery F. Heavy labor and the occurrence of gonarthrosis.
Clin Orthop Relat Res. 1987;(214):235-6.

6. Sahlstrom A, Johnell O, Redlund-Johnell I. The natural course of ar-
throsis of the knee. Clin Orthop Relat Res. 1997;(340):152-7. doi:
10.1097/00003086-199707000-00019.

7. Nakayama H, Kanto R, Onishi S, Amai K, Ukon R, TachibanaT, et al. Preopera-
tive Ahlback radiographic classification grade significantly influences clinical
outcomes of double level osteotomy for osteoarthritic knees with severe varus
deformity. J Exp Orthop. 2023;10(1):5. doi: 10.1186/s40634-023-00573-4.

8. Galli M, De Santis V, Tafuro L. Reliability of the Ahlback classification of
knee osteoarthritis. Osteoarthritis Cartilage. 2003;11(8):580-4. doi: 10.1016/
51063-4584(03)00095-5.

9. Wright RW; MARS Group. Osteoarthritis Classification Scales: Interobserver

Page 5of 7

Reliability and Arthroscopic Correlation. J Bone Joint Surg Am. 2014;96(14):1145-
1151. doi: 10.2106/JBJS.M.00929.

10. Hernandez-Vaquero D, Fernandez-Carreira JM. Relationship between radiological
grading and clinical status in knee osteoarthritis. A multicentric study. BMC
Musculoskelet Disord. 2012;13:194. doi: 10.1186/1471-2474-13-194.

. Kose O, Acar B, Gay F, Yilmaz B, Guler F, Yuksel HY. Inter- and Intraobserver
Reliabilities of Four Different Radiographic Grading Scales of Osteoarthritis of
the Knee Joint. J Knee Surg. 2018;31(3):247-253. doi: 10.1055/s-0037-1602249.

12. Burkhart S. Knee Committee International Society of Arthroscopy, Knee Surgery
and Orthopaedic Sports Medicine (ISAKOS). Knee Committee Hosts Meeting in
Florence: Total knee replacement in relatively young patients with osteoarthritis
generates discussion and consensus. [Internet]. 2001 Available from https://
www.isakos.com/assets/newsletter/sumO1nl.pdf

13. Page MJ, McKenzie JE, Bossuyt PM, Boutron I, Hoffmann TC, Mulrow CD, et al.
The PRISMA 2020 statement: an updated guideline for reporting systematic
reviews. BMJ. 2021;372:n71. doi: 10.1136/bmj.n71.

14. Barrett JP Jr, Rashkoff E, Sirna EC, Wilson A. Correlation of roentgenographic
patterns and clinical manifestations of symptomatic idiopathic osteoarthritis of
the knee. Clin Orthop Relat Res. 1990;(253):179-83.

15. Davies AP, Calder DA, Marshall T, Glasgow MM. Plain radiography in the
degenerate knee. A case for change. J Bone Joint Surg Br. 1999;81(4):632-5.
doi: 10.1302/0301-620x.81b4.9667.

16. Sisto DJ, Mitchell IL. UniSpacer arthroplasty of the knee. J Bone Joint Surg Am.
200587(8):1706-11. doi: 10.2106/JBJS.D.02339.

1

—_

Acta Ortop Bras.2025;33(6):€296115

<< SUMARIO



20.

2

—

22.

23.

24,

25.

26.

27.

28.

29.

30.

3

=

32.

33.

34.

35.

36.

37.

38.

. Sisto DJ, Sarin VK. Custom patellofemoral arthroplasty of the knee. J Bone Joint

Surg Am. 2006;88(7):1475-80. doi: 10.2106/JBJS.E.00382.

. Hing C, Raleigh E, Bailey M, Shah N, Marshall T, Donell S, et al. A prospective

study of the diagnostic potential of the knee tunnel view radiograph in assessing
anterior knee pain. Knee. 2007;14(1):29-33. doi: 10.1016/j.knee.2006.10.007.

. Rockborn P, Gillquist J. Long-term results after arthroscopic meniscectomy. The

role of preexisting cartilage fibrillation in a 13 year follow-up of 60 patients. Int
J Sports Med. 1996;17(8):608-13. doi: 10.1055/s-2007-972903.

Petersson IF, Sandqvist L, Svensson B, Saxne T. Cartilage markers in synovial
fluid in symptomatic knee osteoarthritis. Ann Rheum Dis. 1997;56(1):64-7. doi:
10.1136/ard.56.1.64.

. Sahlstrom A, Montgomery F. Risk analysis of occupational factors influencing

the development of arthrosis of the knee. Eur J Epidemiol. 1997;13(6):675-9.
doi: 10.1023/a:1007310804161.

Larsson AC, Petersson |, Ekdahl C. Functional capacity and early radiographic
osteoarthritis in middle-aged people with chronic knee pain. Physiother Res Int.
1998;3(3):153-63. doi: 10.1002/pri.137.

Tang SF, Chen CP, Chen MJ, Pei YC, Lau YC, Leong CP. Changes in sagittal
ground reaction forces after intra-articular hyaluronate injections for knee
osteoarthritis. Arch Phys Med Rehabil. 2004;85(6):951-5. doi: 10.1016/j.
apmr.2003.08.095.

Tang SF, Chen CP, Chen MJ, Hong WH, Yu TY, Tsai WC. Improvement of
muscle strength in osteoarthritic knee patients after intraarticular knee injection
of hyaluronan. Am J Phys Med Rehabil. 2005;84(4):274-7. doi: 10.1097/01.
phm.0000156894.57879.7d.

Lidén M, Sernert N, Rostgard-Christensen L, Kartus C, Ejerhed L. Osteoarthritic
changes after anterior cruciate ligament reconstruction using bone-patellar
tendon-bone or hamstring tendon autografts: a retrospective, 7-year radiographic
and clinical follow-up study. Arthroscopy. 2008;24(8):899-908. doi: 10.1016/].
arthro.2008.04.066.

Turajane T, Amphansap T, Labpiboonpong V, Maungsiri S. Total knee replacement
following repeated cycles of intra-articular sodium hyaluronate (500-730 Kda)
in failed conservative treatment of knee osteoarthritis: a 54-month follow-up. J
Med Assoc Thai. 2009;92 Suppl 6:563-8.

Parmaksizollu AS, Kabukguoglu Y, Ozkaya U, Bilgili F, Aslan A. Short-term results
of the Oxford phase 3 unicompartmental knee arthroplasty for medial arthritis.
Acta Orthop Traumatol Turc. 2010;44(2):135-42. doi: 10.3944/A0TT.2010.2296.
Moon YW, Kim JG, Han JH, Do KH, Seo JG, Lim HC. Factors correlated with the
reducibility of varus deformity in knee osteoarthritis: an analysis using navigation
guided TKA. Clin Orthop Surg. 2013;5(1):36-43. doi: 10.4055/cios.2013.5.1.36.
Staikos C, Ververidis A, Drosos G, Manolopoulos VG, Verettas DA, Tavridou
A. The association of adipokine levels in plasma and synovial fluid with the
severity of knee osteoarthritis. Rheumatology (Oxford). 2013;52(6):1077-83.
doi: 10.1093/rheumatology/kes422.

Li ZC, Xiao J, Wang G, Li MQ, Hu KZ, Ma T, et al. Fibroblast growth factor-21
concentration in serum and synovial fluid is associated with radiographic bone
loss of knee osteoarthritis. Scand J Clin Lab Invest. 2015;75(2):121-5. doi:
10.3109/00365513.2014.992942.

. Garrido CA, Sampaio TC, Ferreira Fde S. COMPARATIVE STUDY BETWEEN

RADIOLOGICAL CLASSIFICATION AND MACRO AND MICROSCOPIC
ANALYSIS ON OSTEOARTHRITIS LESIONS OF THE KNEE. Rev Bras Ortop.
2015;46(2):155-9. doi: 10.1016/S2255-4971(15)30232-9.

Talic-Tanovic A, Hadziahmetovic Z, Madjar-Simic |, Papovic A. Comparison
of Clinical and Radiological Parameters at Knee Osteoarthritis. Med Arch.
2017;71(1):48-51. doi: 10.5455/medarh.2017.71.48-51.

Skou N, Egund N. Patellar position in weight-bearing radiographs compared
with non-weight-bearing: significance for the detection of osteoarthritis. Acta
Radiol. 2017;58(3):331-337. doi: 10.1177/0284185116652013.

ObaraK, Cardoso JR, Reis BM, Matos MA, Kawano MM. Quality of life in individu-
als with knee osteoarthritis versus asymptomatic individuals. Musculoskeletal
Care. 2023;21(4):1364-1370. doi: 10.1002/msc.1814.

Térnblom M, Bremander A, Aili K, Andersson MLE, Nilsdotter A, Haglund
E. Development of radiographic knee osteoarthritis and the associations to
radiographic changes and baseline variables in individuals with knee pain:
a 2-year longitudinal study. BMJ Open. 2024;14(3):e081999. doi: 10.1136/
bmjopen-2023-081999.

Kijowski R, Blankenbaker D, Stanton P, Fine J, De Smet A. Arthroscopic validation
of radiographic grading scales of osteoarthritis of the tibiofemoral joint. AJR Am
J Roentgenol. 2006;187(3):794-9. doi: 10.2214/AJR.05.1123.

Waldstein W, Jawetz ST, Farshad-Amacker NA, Merle C, Schmidt-Braekling T,
Boettner F. Assessment of the lateral patellar facet in varus arthritis of the knee.
Knee. 2014;21(5):920-5. doi: 10.1016/j.knee.2014.05.005.

Ghinelli D, Parma A, Baldassarri M, Olivieri A, Mosca M, Pagliazzi G, et al.
High tibial osteotomy for the treatment of medial osteoarthritis of the knee
with new iBalance system: 2 years of follow-up. Eur J Orthop Surg Traumatol.

Acta Ortop Bras.2025;33(6):€296115

39.

40.

4

g

42.

43.

44,

45.

46.

47.

48.

49.

50.

5

'y

52.

53.

54.

55.

56.

57.

58.

59.

2016;26(5):523-35. doi: 10.1007/s00590-016-1768-9.

Albergo JI, Farfalli GL, Cabas-Geat A, Roitman P, Ayerza MA, Aponte-Tinao LA.
Does Osteoarticular Allograft Reconstruction Achieve Long-term Survivorship
after En Bloc Resection of Grade 3 Giant Cell Tumor of Bone? Clin Orthop
Relat Res. 2020;478(11):2562-2570. doi: 10.1097/CORR.0000000000001337.
Lysholm J, Hamberg P, Gillquist J. The correlation between osteoarthrosis as
seen on radiographs and on arthroscopy. Arthroscopy. 1987;3(3):161-5. doi:
10.1016/s0749-8063(87)80058-0.

. Bert JM, Maschka K. The arthroscopic treatment of unicompartmental gonar-

throsis: a five-year follow-up study of abrasion arthroplasty plus arthroscopic
debridement and arthroscopic debridement alone. Arthroscopy. 1989;5(1):25-32.
doi: 10.1016/0749-8063(89)90086-8.

Gillquist J, Messner K. Anterior cruciate ligament reconstruction and the
long-term incidence of gonarthrosis. Sports Med. 1999;27(3):143-56. doi:
10.2165/00007256-199927030-00001.

Kinsey TL, Anderson DN, Phillips VM, Mahoney OM. Disease Progression
After Lateral and Medial Unicondylar Knee Arthroplasty. J Arthroplasty.
2018;33(11):3441-3447. doi: 10.1016/j.arth.2018.07.019.

Gidwani S, Tauro B, Whitehouse S, Newman JH. Do patients need to earn
total knee arthroplasty? J Arthroplasty. 2003;18(2):199-203. doi: 10.1054/
arth.2003.50021.

Hung SS, Chao EK, ChanYS, Yuan LJ, Chung PC, Chen CY, et al. Arthroscopically
assisted osteosynthesis for tibial plateau fractures. J Trauma. 2003;54(2):356-63.
doi: 10.1097/01.TA.0000020397.74034.65.

Rademakers MV, Kerkhoffs GM, Sierevelt IN, Raaymakers EL, Marti RK.
Intra-articular fractures of the distal femur: a long-term follow-up study
of surgically treated patients. J Orthop Trauma. 2004;18(4):213-9. doi:
10.1097/00005 131-200404000-00004.

Rademakers MV, Kerkhoffs GM, Sierevelt IN, Raaymakers EL, Marti RK. Opera-
tive treatment of 109 tibial plateau fractures: five- to 27-year follow-up results.
J Orthop Trauma. 2007;21(1):5-10. doi: 10.1097/BOT.0b013e31802c5b51.
Beard DJ, Pandit H, Ostlere S, Jenkins C, Dodd CA, Murray DW. Pre-operative
clinical and radiological assessment of the patellofemoral joint in unicompart-
mental knee replacement and its influence on outcome. J Bone Joint Surg Br.
2007;89(12):1602-7. doi: 10.1302/0301-620X.89B12.19260.

Becker R, Ropke M, Krull A, Musahl V, Nebelung W. Surgical treatment of
isolated patellofemoral osteoarthritis. Clin Orthop Relat Res. 2008;466(2):443-9.
doi: 10.1007/s11999-007-0071-9.

Rademakers MV, Kerkhoffs GM, Kager J, Goslings JC, Marti RK, Raaymak-
ers EL. Tibial spine fractures: a long-term follow-up study of open reduc-
tion and internal fixation. J Orthop Trauma. 2009;23(3):203-7. doi: 10.1097/
BOT.0b013e31819b08ba.

. Marcacci M, Bruni D, Zaffagnini S, lacono F, Lo Presti M, Neri MP, et al.

Arthroscopic-assisted focal resurfacing of the knee: surgical technique and
preliminary results of 13 patients at 2 years follow-up. Knee Surg Sports Traumatol
Arthrosc. 2011;19(5):740-6. doi: 10.1007/s00167-010-1345-4.

Brucker PU, von Campe A, Meyer DC, Arbab D, Stanek L, Koch PP. Clinical and
radiological results 21 years following successful, isolated, open meniscal repair
in stable knee joints. Knee. 2011;18(6):396-401. doi: 10.1016/j.knee.2010.11.007.
Identeg F, Senorski EH, Svantesson E, Samuelsson K, Sernert N, Kartus JT,
et al. Poor Associations Between Radiographic Tibiofemoral Osteoarthritis
and Patient-Reported Outcomes at 16 Years After Anterior Cruciate Ligament
Reconstruction. Orthop J Sports Med. 2020;8(9):2325967120951174. doi:
10.1177/2325967120951174.

Keyes GW, Carr AJ, Miller RK, Goodfellow JW. The radiographic classification
of medial gonarthrosis. Correlation with operation methods in 200 knees. Acta
Orthop Scand. 1992;63(5):497-501. doi: 10.3109/17453679209154722.
Petersson IF, Boegéard T, Saxne T, Silman AJ, Svensson B. Radiographic osteo-
arthritis of the knee classified by the Ahlbdck and Kellgren & Lawrence systems
for the tibiofemoral joint in people aged 35-54 years with chronic knee pain.
Ann Rheum Dis. 1997;56(8):493-6. doi: 10.1136/ard.56.8.493.

Ventura A, Terzaghi C, Legnani C, Borgo E, Albisetti W. Synthetic grafts for anterior
cruciate ligament rupture: 19-year outcome study. Knee. 2010;17(2):108-13.
doi: 10.1016/j.knee.2009.07.013.

McDonnell SM, Bottomley NJ, Hollinghurst D, Rout R, Thomas G, Pandit H, et
al. Skyline patellofemoral radiographs can only exclude late stage degenerative
changes. Knee. 2011;18(1):21-3. doi: 10.1016/j.knee.2009.10.008.

Martins GC, Camanho GL, Ayres LM, Oliveiras ES. Correlation between Ahlb&ack
radiographic classification and anterior cruciate ligament status in primary knee
arthrosis. Rev Bras Ortop. 2016;52(1):69-74. doi: 10.1016/j.rboe.2016.02.012.
Belk JW, Kraeutler MJ, Carver TJ, McCarty EC. Knee Osteoarthritis After
Anterior Cruciate Ligament Reconstruction With Bone-Patellar Tendon-Bone
Versus Hamstring Tendon Autograft: A Systematic Review of Random-
ized Controlled Trials. Arthroscopy. 2018;34(4):1358-1365. doi: 10.1016/].
arthro.2017.11.032.

Page 60of 7

<< SUMARIO



60.

6

=

62.

63.

64.

Elveos MM, Drogset JO, Engebretsen L, Brenn R, Lundemo TO, Gifstad T.
Anterior Cruciate Ligament Reconstruction Using a Bone-Patellar Tendon-
Bone Graft With and Without a Ligament Augmentation Device: A 25-Year
Follow-up of a Prospective Randomized Controlled Trial. Orthop J Sports Med.
2018;6(11):2325967118808778. doi: 10.1177/2325967118808778.

. Lim JW, Chen JY, Chong HC, Pang HN, Tay DKJ, Chia SL, et al. Pre-existing

patellofemoral disease does not affect 10-year survivorship in fixed bearing
unicompartmental knee arthroplasty. Knee Surg Sports Traumatol Arthrosc.
2019;27(6):2030-2036. doi: 10.1007/s00167-018-5169-y.

Wing N, Van Zyl N, Wing M, Corrigan R, Loch A, Wall C. Reliability of three
radiographic classification systems for knee osteoarthritis among observers of
different experience levels. Skeletal Radiol. 2021;50(2):399-405. doi: 10.1007/
s00256-020-03551-4.

Pedersen MM, Geoffroy Mongelard KB, Mgrup-Petersen A, Bang Christensen
K, Odgaard A. Clinicians’ heuristic assessments of radiographs compared with
Kellgren-Lawrence and Ahlback ordinal grading: an exploratory study of knee
radiographs using paired comparisons. BMJ Open. 2021;11(3):e041793. doi:
10.1136/bmjopen-2020-041793.

Jarecki J, Mallecka-Massalska T, Polkowska |, Potoczniak B, Kosior-Jarecka

Page 7 of 7

65.

66.

67.

68.

E, Szerb |1, et al. Level of Adiponectin, Leptin and Selected Matrix Metallopro-
teinases in Female Overweight Patients with Primary Gonarthrosis. J Clin Med.
2021;10(6):1263. doi: 10.3390/jcm10061263.

Eckersley T, Faulkner J, Al-Dadah O. Inter- and intra-observer reliability of radio-
logical grading systems for knee osteoarthritis. Skeletal Radiol. 2021;50(10):2069-
2078. doi: 10.1007/s00256-021-03767-y.

Zambianchi F, Daffara V, Negri A, Franceschi G, Schiavon G, Catani F. Preopera-
tive Osteoarthritic Grade Affects Forgotten Joint Status and Patient Acceptable
Symptom State After Robotic Arm-Assisted Unicompartmental Knee Arthroplasty.
J Arthroplasty. 2021;36(11):3650-3655. doi: 10.1016/j.arth.2021.06.028.
Jarecki J, Matecka-Masalska T, Kosior-Jarecka E, Widuchowski W, Krasowski
P, Gutbier M, et al. Concentration of Selected Metalloproteinases and Osteo-
calcin in the Serum and Synovial Fluid of Obese Women with Advanced Knee
Osteoarthritis. Int J Environ Res Public Health. 2022;19(6):3530. doi: 10.3390/
ijerph19063530.

Schippers P, Peras M, de Geofroy B, Drees P, Gercek E, Junker M, et al.
Reliability of Angle Measurements Based on the Epiphyseal Scar for Knee
Osteotomy: An International Multicenter Radiographic Study. Orthop J Sports
Med. 2024;12(7):23259671241252812. doi: 10.1177/23259671241252812.

Acta Ortop Bras.2025;33(6):€296115

<< SUMARIO



DOI: http://dx.doi.org/10.1590/1413-785220253306€292035

UPDATE ARTICLE

PHYSIOTHERAPY

PROPOSAL FOR A REHABILITATION PROTOCOL AFTER CALCANEAL
TENDON RECONSTRUCTION: FROM THE IMMEDIATE POST-
OPERATIVE PERIOD TO RETURN TO SPORTS PRACTICE

PROPOSTA DE PROTOCOLO DE REABILITACAO POS RECONSTRUCAO
DE TENDAO CALCANEO: DO POS OPERATORIO IMEDIATO
AO RETORNO A PRATICA ESPORTIVA

FLAviA CURSINO DE VICENTE' ©, GEORGIA MELGES DE SOUZA'

PEROLA GRINBERG PLAPLER'

, CLEIDNEIA APARECIDA CLEMENTE"?

1. Universidade de Sao Paulo, Faculdade de Medicina, Hospital das Clinicas (HCFMUSP), Instituto de Ortopedia e Traumatologia, Sao Paulo, SP, Brazil.

2. Faculdades Integradas de Santo Andre, Sao Paulo, SP, Brazil.

ABSTRACT

The calcaneal tendon is the strongest tendon in the human body,
and therefore the most commonly injured in the lower limbs. The
aim of this study is to present a rehabilitation protocol, based on
the literature, according to the physiology of tissue regeneration in
the postoperative period of acute rupture of the calcaneal tendon,
carried out through a bibliographic survey of the last 20 years
and proposed by the Physiotherapy Service of the Institute of
Orthopaedics and Traumatology of the Hospital das Clinicas of the
University of Sao Paulo. The findings demonstrated that, despite
the differences in surgical techniques, the proposed rehabilitation
protocol presents minimal risk of damage to the surgical site.
Level of Evidence llI; Systematic Review.

Keywords: Rupture; Achilles Tendon; Rehabilitation Protocols.

RESUMO

O tend&o calcaneo é o tendéo mais forte do corpo humano, portanto
0 que apresenta maior prevaléncia de lesdo nos membros inferiores.
O objetivo desta pesquisa é apresentar o protocolo de reabilitagao,
embasado na literatura de acordo com a fisiologia de regenera¢ao
tecidual no pés-operatdria do reparo da ruptura aguda de tendéo
do calcéneo, realizado através de levantamento bibliogréafico dos
ultimos 20 anos e proposto pelo Servigo de Fisioterapia do Ins-
tituto de Ortopedia e Traumatologia do Hospital das Clinicas da
Universidade de Séao Paulo. Onde ficou evidenciado que apesar
das diferengas das técnicas cirirgicas o protocolo proposto de
reabilitacdo apresenta risco minimo de dano ao sitio cirdrgico.
Nivel de Evidéncia Ill; Revisao Sistematica.

Descritores: Ruptura; Tend&o Calcaneo,; Protocolo de Reabilitagéo.
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INTRODUCTION

The calcaneal tendon is a structure composed of type | collagen,
proteoglycans, and elastin that converges from the gastrocnemius
and soleus muscles and inserts into the posterior surface of the
calcaneus."* Itis covered by a paratenon, which runs externally from
its muscular origin to its bony insertion, and its main innervation is
provided by the tibial nerve.>® Despite being the strongest tendon
in the human body,” it has the highest prevalence of injury in the
lower limbs.*3 Its primary function is to transmit the force produced
by the triceps surae to the heel, enabling ankle plantarflexion, as
well as to store and release energy as a shock absorber during
gait and running.®

Rupture of the calcaneal tendon causes a significant functional
impact, with a global incidence of 11 to 37 cases per 100,000 individ-
uals per year,"3” predominantly in men, with the first peak between
25 and 40 years of age and the second after 60 years, occurring
more frequently during physical activity."379 The etiological factors
include reduced tendon vascularization, sports practice in individuals
with an unprepared musculoskeletal system, biomechanical foot
abnormalities or tendon structural abnormalities, exercise-induced
hyperthermia, overweight, decreased strength and/or flexibility of
the plantar flexor muscles, and the negative influence of topical
corticosteroids and fluoroquinolone antibiotics.>'>'3 Mechanisms of
injury include resisted plantarflexion, sudden and exaggerated ankle
dorsiflexion, and forced dorsiflexion with the joint in plantarflexion.'

All authors declare no potential conflict of interest related to this article.

The study was conducted at Instituto de Ortopedia e Traumatologia do Hospital das Clinicas da F:

333, Cerqueira Cesar, Sao Paulo, SP, Brazil, 05402-000.

Idade de Medicina da Universidade de Sao Paulo, R. Dr. Ovidio Pires de Campos,

Correspondence: Flavia Cursino de Vicente. 333, Rua Dr. Ovidio Pires de Campos, Cerqueira Cesar, SP, Sao Paulo, Brazil. 05403-010. flavia.vicente@hc.fm.usp.br

Article received on 11/19/2024 approved on 06/27/2025.

Page 10of 4

(©MON

Acta Ortop Bras.2025;33(6):€292035

<< SUMARIO


https://orcid.org/0009-0001-9598-3235
https://orcid.org/0000-0002-3174-119X
https://orcid.org/0000-0001-8820-0063
https://orcid.org/0000-0003-2395-7545

This type of injury damages the organized architecture of collagen
fibers and increases type lll collagen content at the site, with a
mean tendon elongation of 1.5 to 3.5 cm, while surgical repairs
may achieve only up to 1.2 cm of elongation.3'*

Diagnosis of acute calcaneal tendon rupture includes patient history,
typically reporting a popping sound and/or a sensation of being
struck in the posterior leg, and physical examination, which may
reveal edema, acute pain, palpable gap, increased passive ankle
dorsiflexion, decreased strength of the ankle plantar flexors, inability
or difficulty standing on tiptoe, and positive Thompson and Matles
tests.®51516 Imaging exams may be performed to confirm rupture,
assess its extent and location, and detect tendon pathology.”
Treatment of acute calcaneal tendon rupture is divided into two
modalities: non-surgical and surgical.®'"1® Surgical treatment
options described in the literature include open, minimally invasive,
and percutaneous techniques.'®2°

The stages of tissue healing are as follows:

* Inflammatory Response: begins immediately after injury, laceration,
or surgical repair and ends within 6 days. The bleeding caused by
the rupture leads to hematoma formation and activation of platelets
and neutrophils, releasing growth factors, chemotactic factors, and
vasoactive mediators.?"2? This response triggers fibrin clot formation
and consequently stimulates fibroblast activity.?® Subsequently,
leukocytes and macrophages invade the area to clear cellular and
tissue debris.?* At this stage, protection of the lesion is necessary,
controlling inflammation with rest, immobilization, and elevation
to promote healing.'™

* Repair and Proliferation: begins 48 hours after injury and lasts
up to 6-8 weeks. The main agent in this stage is the macro-
phage, which activates fibroblasts that secrete type Ill collagen
for tendon repair, forming a disorganized collagen matrix with
smaller, less resistant fibers that elongate easily.?3 After 10 to 14
days, scar tissue forms at the site joining the ruptured tendon
ends. As the process continues, collagen deposition shifts
from type lll to type |, characterized by greater cross-linking,
larger fibrils, and increased strength. In this phase, where the
healing tissue is still disorganized and susceptible to reinjury if
excessively tensioned, light and pain-free isometric contractions
may be initiated. These contractions promote blood circulation,
aid fibril organization through mechanical loading, stimulate
proper muscle use awareness, and prevent reflex inhibition of
immobilized muscle groups.'® Isometric contractions performed
in a shortened muscle position enhance actin-myosin fiber
mobility without overloading the ruptured tissue, while dynamic
joint traction or passive compression along the contraction
plane allows tendon excursion, promoting healing and reducing
adhesion formation. Tendons also heal faster when subjected
to mechanical loading, with daily episodes of tensile stress
sufficient to stimulate healing without excessive elongation.2®
Controlled physical activity is a specific physiological stimulus
that can enhance functional capacity and reverse disuse atrophy,
provided that intensity, frequency, and duration parameters are
appropriately managed.?®

* Remodeling and Maturation: the third healing stage, beginning 1
to 3 months post-injury and lasting for years. This stage is marked
by reduced cellularity and synthetic activity, increased organization
of the extracellular matrix, and a biochemical profile closer to nor-
mal.22427 Functional linear alignment of collagen typically appears
in the second month, with greater tensile strength.?2%2° Due to
the limited neuromuscular control in this phase, controlled forces
simulating normal tissue loading are important, and adhesions
need to be broken down. Healthy, repetitive loads promote tendon
remodeling, improving structure and function. However, the material
properties of these scars never fully replicate those of intact tendon,
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and biomechanical properties may be reduced by up to 30%, even
when healing stages are complete, due to the persistent proportion
of type Il collagen.?®*°Thus, repaired tendons do not fully restore
their original characteristics, resulting in an altered biological and
mechanical environment.

Accordingly, the objective of this study is to present a rehabili-
tation protocol based on the tendon healing phases, following
surgical repair of acute calcaneal tendon rupture, as proposed
by the Physiotherapy Department of the Institute of Orthopedics
and Traumatology of the Hospital das Clinicas, University of Sdo
Paulo (IOT-HCFMUSP).

MATERIALS AND METHODS

A literature review was conducted over the last 20 years using the
following keywords to identify relevant studies within the databases:
“Calcaneal Tendon,” “Rupture,” “Open Surgery,” “Minimally Inva-
sive Surgical Procedures,” “Physiotherapy,” and “Rehabilitation.”
The search strategies involved first identifying descriptors in the
DeCS portal and then applying the descriptors in both Portu-
guese and English within the PubMed, BVS, and PEDro databases.
The keywords “Calcaneal Tendon” and “Rupture” were essential
for the relevance of the search results, with the research direction
further refined by the complementary terms related to the different
types of surgical and therapeutic interventions.

Protocol

The protocol was developed by the Physiotherapy Department
of the Institute of Orthopedics and Traumatology of the Hospital
das Clinicas, Faculty of Medicine, University of Sdo Paulo, and is
presented in this study to outline the objectives and appropriate
interventions for each physiological stage of the lesion within post-
operative rehabilitation of the calcaneal tendon.

The first phase comprises the two firsts postoperative weeks,
with the objectives of reducing edema, promoting circulation, and
maintaining the strength of muscle groups adjacent to the lesion.

Phase 1

* Positioning/elevation of the lower limb (training in changing
decubitus);

* Gait training without weight-bearing on the operated limb;

* |[sometric exercises during immobilization;

* Toe flexion-extension exercises;

* Active knee extension exercises in sitting position;

» Straight leg raise in the supine position.

The second phase occurs in the 3rd postoperative week, aiming at
gait training, improved activation, maintenance, and strengthening
of the lower limb muscles. At this stage, dorsiflexion is not permitted,
in order to avoid placing tension on the suture site.

Phase 2

* Gait training with immobilizing orthosis (progressive load tolerated
by the patient);

* Isometric strengthening of invertors, evertors, and plantar flexors
without joint movement, to be performed while immobilized;

* Free active toe flexion-extension exercises during immobilization;
* Straight leg raises with load in the supine, lateral, and prone
positions;

* Active knee extension with load in sitting position.

The 3rd phase covers the period from the 4th to the 6th postop-
erative week, with the objective of protecting the healing process,
joint mobilization, strengthening of ankle and foot muscles, and
progressive strengthening of the lower limbs. At this stage, ranges
of motion of plantar flexion, inversion, and eversion are allowed,
returning only to the neutral position to protect the sutured area.
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Phase 3

* Straight leg raises with load in the supine, lateral, and prone
positions with progressive load increase;

* Active joint mobilization of plantar flexion, inversion, and eversion
with return to neutral position;

* Active resisted strengthening with elastic bands for plantar flexion,
inversion, and eversion with progressive load increase. Do not
perform exercises for dorsiflexors;

* Soleus strengthening in the sitting position, with the foot placed
forward of the knee (knee flexion angle less than 90°).

The 4th phase, occurring between the 8th and 12th postoperative
weeks, aims to achieve full ankle range of motion and progressive
lower limb strengthening, in addition to improving cardiorespiratory
condition. Removal of the orthosis heel lift, when indicated, and
discontinuation of immaobilization will occur according to medical
clearance.

Phase 4

* Straight leg raises with load in the supine, lateral, and prone
positions with progressive load increase;

¢ Active dorsiflexion mobilization;

* Maintenance of active resisted strengthening with elastic bands for
plantar flexion, inversion, and eversion, with initiation of dorsiflexor
strengthening;

* Stationary cycling;

* Squats;

* Sensorimotor training.

The 5th phase begins after completion of 12 weeks, aiming to
achieve full ankle mobility, posterior chain stretching, strengthening
of the triceps surae, improvement of balance and gait, and training
for preparatory jumping movements. At this stage, posterior chain
stretching is permitted while keeping the ankle in neutral position,
protecting stress on the sutured tendon. Sensorimotor control
training aims to prepare the patient for return to sports practice.

Phase 5

* Progressive strengthening of the triceps surae on a step, with
concentric and eccentric bipodal exercises, progressing to unipodal;
* Protected posterior chain stretching;

* Advanced sensorimotor control training with direction changes;
* Bipodal plyometrics progressing to unipodal, according to the
patients ability.

DISCUSSION

The purpose of this study was to present the rehabilitation protocol
of the Physiotherapy Department of IOT-HCFMUSP and to compare
it with findings from the literature based on a bibliographic review.
Magquirriain J. reported that early tension and weight-bearing on a
repaired tendon improved muscle strength and tendon vascular-
ization. Suchak et al. compared early weight-bearing beginning 2
weeks after repair with weight-bearing allowed only after 6 post-
operative weeks.3'¥2 At the sixth week, the group that underwent
early weight-bearing presented significantly better scores in the
domains of physical and social functionality, emaotional health,
and vitality in a quality-of-life questionnaire, in addition to reporting
fewer limitations in daily activities. At six months postoperatively,
no significant differences were observed between the groups in
any outcome, and both showed low muscle strength in the triceps
surae. It is noteworthy that there was no rerupture in either group.
Based on this evidence, early weight-bearing is adopted as an
important part of the proposed protocol.

Immobilization with an orthosis is used to avoid early dorsiflexion
and thus prevent stretching of the suture at the calcaneal tendon,3"33
Kisner et al. warned that early or excessive mobilization may damage
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the injured tissue, meaning that the range of motion should not be
performed when it negatively interferes with the healing process.'®%!
Bevoni et al, stated that dorsiflexion is permitted up to 5° at 6
postoperative weeks. At this stage, type | collagen production
increases and the tendon callus reaches its largest size. Although
the tissue is more fragile at this point, the greater transverse area
of the callus compensates for its weaker composition.® In the
proposed protocol, dorsiflexion is initiated at the 8th week, without
range restrictions except for patient tolerance, since it is functionally
unfeasible to control dorsiflexion degrees at minimal ranges during
home-based exercises without therapist supervision.3
Rosenzweig e Azar describe that the foot is placed in the plantigrade
position 4 to 6 weeks after repair, without specifying the moment
when dorsiflexion beyond neutral is permitted. They recommend
that the patient use an equinus positioning splint from the 2nd to
4th weeks, a removable orthosis allowing only plantar flexion from
the 6th to 8th weeks, and an orthosis with a lock in the neutral
position starting from the 12th week, until the patient presents
at least 80% muscle strength of the contralateral limb and an
unspecified ROM.3* In the proposed protocol, the immobilizing
orthosis is introduced at the 2nd week and removed within 12
weeks at the physician’s discretion. From this period onward, the
patient is allowed to perform ankle dorsiflexion and propulsion
through triceps surae activation during gait, consistent with Medeiros
et al., who state that wound resistance reaches 80% of the original
tissue strength after 3 months.*°

Direct stretching of the calcaneal tendon is not allowed because,
as cited by Maquirriain J., creep is a mechanical property in which
a constant load causes lengthening over time, leading to tension
loss in the initial postoperative phase. Therefore, tendon stretching
results in morbidity and triceps surae weakness at the end of
movement, impairing rehabilitation. '

Suchak et al. also applied an accelerated rehabilitation method
in which the neutral position of the operated ankle was already
permitted between the 2nd and 3rd postoperative weeks, concur-
rently with the allowance of active dorsiflexion, apparently without
restriction in the maximum angle reached by the patient.®? In the
proposed protocol, strengthening of plantar flexors, invertors, and
evertors is allowed from the 4th postoperative week, since these
movements do not place tension on the sutured tendon. At the 8th
week, exercise progression is initiated, along with the release of
ankle dorsiflexion and strengthening of the triceps surae with bipodal
support, as by this time the tendon repair and proliferation healing
phase is completed. At this stage, type | collagen deposition begins
and accelerates, establishing a biomechanical and biochemical
profile closer to the physiological tissue.

According to Maquirriain J., it is important to maintain or increase
contraction strength of the muscles of the operated lower limb,
with emphasis on the triceps surae, thereby reducing the risk of
injury and preventing stretching of the calcaneal tendon, which is
consistent with the approach proposed in this protocol. Another
essential aspect is sensorimotor training, given that patients with
calcaneal tendon injury present deficits in this area.®

The time to return to sports practice coincides with findings in
the literature and with the protocol developed by this group. It is
recommended that return to prior sports activity occur 5 to 6 months
after surgery. However, for this return to be adequate, it requires
prior preparation promoted by rehabilitation.'®333436 Postoperative
rehabilitation guidelines for calcaneal tendon repair published by
the Department of Sports Medicine of the University of Wisconsin
consider patients eligible to return to sport-specific activities from
the 16th postoperative week, through exercises simulating sports
activities, similar to the protocol proposed here.
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A protocol similar to the one proposed was identified, in terms of
exercise progression, weight-bearing permission, use of assistive
devices, release of dorsiflexion movement, and return to sport-specific
training.%® However, this approach was applied to the postoperative
period of a modified open surgical technique, associated with a gas-
trocnemius tendon flap and deep posterior compartment fasciotomy.

Outcomes were satisfactory in both surgical techniques, as patients
presented no differences between the operated and contralateral
limbs in functional test results, and no long-term postoperative failures
were observed. This evidence shows that, despite different surgical
techniques, the proposed rehabilitation protocol presents minimal
risk of damage to the surgical site.
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