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ABSTRACT
Introduction: Several studies have reported on the epidemiology of Anterior Cruciate Ligament Recons-

truction (ACLR) in Europe and North America; however, there is currently no data relating to Brazil. Objective: 
To describe the incidence of ACLR in Brazil and investigate temporal trends and differences between age 
and sex groups. Methods: All reported ACLR cases in the public hospital system between January 2008 and 
December 2014 were extracted from the Information Technology Department of the Brazilian Ministry of 
Health. Linear regression analysis was used to assess changes in ACLR incidence in the overall population 
and among sex and age groups, hospitalization time, and health care costs. Results: A total of 48,241 ACLR 
were reported from 2008-2014 with an overall incidence of 3.49 per 100,000 persons/year. Males accounted 
for 82% of the procedures. The incidence of ACLR increased by 56% among males (p=0.01) and by 112% 
among females (p=0.001). The mean hospitalization time decreased from 2.4 days in 2008 to 1.8 day in 2014 
(R2 = 0.883, p= 0.002). The total cost across all years was US$56 million, with a mean of US$1,145 per ACLR. 
Conclusion: Although the total incidence of ACLR in Brazil is lower compared to other countries, it has increased 
over the years, especially in females. The creation of an ACLR registry is necessary in the future, for more 
accurate control and new investigations.
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RESUMO
Introdução: Vários estudos têm relatado a epidemiologia da reconstrução do ligamento cruzado anterior 

(RLCA) na Europa e América do Norte, no entanto, não há atualmente dados referentes ao Brasil. Objetivo: Des-
crever a incidência de RLCA no Brasil e investigar tendências temporais e diferenças entre os grupos de idade e 
sexo. Métodos: Todos os casos relatados de RLCA no sistema público de saúde do Brasil entre janeiro de 2008 e 
dezembro 2014 foram extraídos do Departamento de Informática do Ministério da Saúde do Brasil. A análise de 
regressão linear foi usada para avaliar as mudanças na incidência de RLCA na população total e entre grupos 
de sexo e idade, tempo de internação e custos hospitalares. Resultados: Um total de 48,241 RLCA foi reportado 
entre 2008 e 2014, com incidência geral de 3,49 por 100.000 pessoas/ano. Homens foram responsáveis por 82% 
dos procedimentos. A incidência de RLCA aumentou 56% entre os homens (p = 0,01) e 112% entre as mulheres 
(p = 0,001). O tempo médio de permanência hospitalar diminuiu de 2,4 dias em 2008 para 1,8 dia em 2014
(R2 = 0,883, p = 0,002). O custo total em todos os anos foi de US$ 56 milhões, com média de US$ 1.145 por RLCA. 
Conclusão: Apesar da incidência total de RLCA no Brasil ser menor em comparação com outros países, ela tem 
aumentado ao longo dos anos, principalmente em mulheres. A criação de um registro de RLCA se faz necessária 
no futuro para um controle mais acurado e novas investigações.

Descritores: reconstrução do ligamento cruzado anterior; incidência; sexo; grupos etários.

RESUMEN
Introducción: Diversos estudios han informado sobre la epidemiología de la reconstrucción del ligamento 

cruzado anterior (RLCA) en Europa y América del Norte, sin embargo, no hay actualmente datos relativos a 
Brasil. Objetivo: Describir la incidencia de la RLCA en Brasil e investigar las tendencias temporales y diferencias 
entre los grupos de edad y sexo. Métodos: Todos los casos reportados de RLCA en el sistema de salud pública en 
Brasil entre enero de 2008 y diciembre de 2014 fueron extraídos del Departamento de Informática del Ministerio 
de Salud de Brasil.  Se utilizó un análisis de regresión lineal para evaluar los cambios en la incidencia de RLCA 
en la población total y entre los grupos de edad y sexo, duración de la estancia hospitalaria y los costes de hos-
pitalización. Resultados: Un total de 48.241 reconstrucciones del LCA fue reportado entre 2008 y 2014, con una 
incidencia general de 3,49 por 100.000 personas/año. Los hombres representaron el 82% de los procedimientos. La 
incidencia de RLCA aumentó 56% en los hombres (p = 0,01) y 112% en las mujeres (p = 0,001). La duración media 
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de la estancia hospitalaria se redujo de 2,4 días en 2008 a 1,8 día en 2014 (R2 = 0,883, p = 0,002). El coste total 
en todos los años fue de US$ 56 millones, con un promedio de US$ 1.145 para cada RLCA. Conclusión: Aunque 
la incidencia global de RLCA en Brasil sea más pequeña en comparación con otros países, se ha incrementado 
en los últimos años, especialmente en las mujeres. La creación de un registro de la RLCA es necesaria en el futuro 
para un control más preciso y nuevas investigaciones.

Descriptores: reconstrucción del ligamento cruzado anterior; incidencia; sexo; grupos de edad.
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INTRODUCTION
Musculoskeletal injuries are one of the major public health problems 

worldwide, causing a significant level of disability and suffering for 
individuals, as well as high burden to the health system and society1. 
Tear of the anterior cruciate ligament (ACL) of the knee is one of the 
most common injuries in sports medicine and orthopaedics fields, es-
pecially in young athletes who play multi-directional sports, such as 
soccer, basketball and handball2.  

There are commonly two ways to manage an ACL tear, ACLR or 
conservative treatment. However, for the young, active athlete ACLR 
offers more reliable restoration of knee stability and more predictable 
return to sports3,4. On the other hand, conservative approach is often 
reserved for lower-demand and older patients5. 

In recent years, ACLR registries have been developed that pro-
vide great insight into the epidemiology of the surgery. Worldwide 
the incidence varies from 34 in Norway to 52 ACLR per 100,000 
persons/year in Australia2,6. However, the incidence of ACLR in Brazil 
is currently unknown. Considering the large population of almost 
205 million people and the high participation in sports with a high 
risk of ACL injury such as soccer and volleyball7,  monitoring the 
incidence of ACLR is needed. Thus, the primary aim of this study is 
to report the overall incidence of ACLR in the Brazilian public health 
system over time and relative to sex and age. Considering the high 
participation of Brazilians in soccer and volleyball, we hypothesized 
that the incidence of ACLR would be similar to other countries. The 
secondary aim is to report on the hospital length of stay and cost 
related to ACLR in Brazil. 

METHODS

Data source and participants 

We conducted a retrospective epidemiological study. Data were ex-
tracted using the free software TabWin (version 3.6b, DATASUS, Brazil) from 
the Health Informatics Department of the Brazilian Ministry of Health 
database, known as DATASUS. This database is used as an instrument 
for reimbursement by the Brazilian Unified Health System (BUHS) and 
comprises public, university and authorized hospitals (private hospitals, 
reimbursed per bed day by the public system). It contains information 
on medical procedures, diagnoses, type of admissions, demographic 
information and other reimbursement data8. Data entry is managed 
by cities and states as a standard procedure, with data related to the 
hospital admission authorization (HAA). Accordingly, this study evaluated 
all HAA records associated with ACLR, funded by the BUHS. It is cur-
rently not possible to identify if the same person had more than one 
procedure in the database, incidence rates are based on the number 
of procedures divided by the population. To identify all ACLR proce-
dures conducted in the public health system in Brazil, we conducted 
a search through the registry selecting the code “0408050160 – Knee 
intra-articular ligament reconstruction (Anterior Cruciate)”, from January 
2008 to December 2014. We selected January 2008 as the earliest time 

period because specific ACLR data was not available prior to this date. 
Information related to the number of ACLR procedures, direct costs 
(sum of medical and hospital services) and length of hospital stay were 
extracted, as well as demographics including age and sex regarding 
the whole country.

Ethics 

This public database provides data in a non-identifiable and generic 
format. Thus, this study was exempt from ethical approval according 
to our institution’s policy.

ACLR incidence calculation

Overall incidence was defined as the total number of ACLR in the 
study period divided by the sum of the concerning population over 
the study period, multiplied by 100,000 year2,9,10, official population 
estimation was obtained from the Brazilian Institute of Geography and 
Statistics and used as the denominator for each year of reported ACLR 
events covered by the study. ACLR incidence stratified for age and sex 
was calculated relative to the total Brazilian population reported by 
each age and sex group. All incidences were expressed as the number 
of ACLR per 100,000 person/year. 

Data analysis

Data were extracted from the database to an Excel spreadsheet. 
Analyses were performed using Excel for calculating the incidence 
while SPSS (version 22.0, SPSS Inc, Chicago, IL) was used through 
Linear Regression to perform the trend analysis for overall ACLR 
incidence, as well as sex and age incidence, besides the hospital 
length of stay’s trend. ACLR Cost was defined as the sum of medical 
and hospital services. A level of α = 0.05 was a priori set to determine 
statistical significance.  

RESULTS

ACLR incidence from 2008 to 2014

During the period of seven years (2008-2014), there were 48,241 
ACLR operations performed in the BUHS (Table 1). The overall popu-
lation-based incidence was 2.59 in 2008 and increased by 64% to 3.49 
per 100,000 person/year in 2014 (p=0.005). 

ACLR incidence relative to sex and age

Males accounted for 82% of the procedures (n=39,586) and 
females for the remaining 18% (n=8,655). The incidence of ACLR 
increased significantly over time for the total population (p=0.005,) 
(Figure1). The increase for males was 56% (from 4.44 in 2008 to 6.53 
per 100,000 person/year in 2014, p= 0.01), while for females it was 
112% (from 0.77 in 2008 to 1.54 per 100,000 person/year in 2014, 
p=0.001). Considering male and females together those between 
0-10 years-old accounted for less than 1% of the procedures, 11-20y 
for 11%, 21-30y for 36%, 31-40y for 30%, 41-50y for 16% and >51y for 
7% of the total number of surgeries. Trend analysis of the change in 
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annual incidence showed a significant increase in all age groups in 
females (Figure 2), except those younger than 11 years old. On the 
other hand, in males there was an increase for the 11-20, 21-30 and 
41-50 year old groups (Figure 3).  

Hospital length of stay and total cost

The average length of stay over the 7 years was 2 ± 0.23 days of 
hospitalization. In 2008, the average was 2.4 days but it reduced to 1.8 
days by 2014 (R2 = 0.883, p=0.002. The total cost for the whole period, 
after adjusted for inflation, was US$56 million with a mean of US$1,145 
per ACLR. From 2008 to 2014, the total cost increased by 115% (from US$5 
million in 2008 to 11 million in 2014; R2= 0.902, p=0.001) while the total 
cost per surgery increased by 31% (from US$1,067 in 2008 to US$1,396 in 
2014; R² = 0.628, p= 0.034). However, it appears that the majority of the 
increase in the cost per surgery occurred in the last two years (Figure 4). 

Table 1. Distribution by age and gender of ACLR and incidence from 2008 to 2014.

  2008 2009 2010 2011 2012 2013 2014

ACLR Incidence ACLR Incidence ACLR Incidence ACLR Incidence ACLR Incidence ACLR Incidence ACLR Incidence

Overall 4954 2,6 6411 3,3 6939 3,6 6820 3,5 7467 3,8 7527 3,7 8123 4,0

Age                            

Male                            

0-10 y 2 0,0 3 0,0 5 0,0 1 0,0 3 0,0 1 0,0 2 0,0

11-20 y 368 2,1 488 2,8 487 2,8 545 3,1 642 3,7 700 4,0 703 4,0

21-30 y 1674 9,6 2098 11,9 2260 12,8 2124 12,0 2292 13,0 2275 13,0 2486 14,3

31-40 y 1380 9,8 1769 12,3 1801 12,3 1789 12,0 1841 12,0 1824 11,6 1990 12,4

41-50 y 618 5,3 781 6,6 872 7,2 875 7,2 956 7,7 960 7,6 1027 8,1

> 51 166 1,1 233 1,5 297 1,8 296 1,7 311 1,8 305 1,7 336 1,8

Female                            

0-10 y 4 0,0 3 0,0 5 0,0 1 0,0 1 0,0 0 0,0 2 0,0

11-20 y 109 0,6 160 1,0 194 1,2 177 1,1 237 1,4 220 1,3 208 1,2

21-30 y 177 1,0 290 1,7 326 1,9 309 1,8 332 1,9 330 1,9 400 2,3

31-40 y 175 1,2 236 1,6 269 1,8 280 1,9 349 2,3 372 2,4 387 2,4

41-50 y 159 1,3 193 1,6 231 1,8 230 1,8 270 2,1 311 2,4 335 2,5

> 51 122 0,7 157 0,8 192 1,0 193 1,0 233 1,1 229 1,1 247 1,1

Population 191,532,439 193,543,969 195,497,797 197,397,018 199,242,462 201,032,714 202,768,562

ACLR = Anterior cruciate ligament reconstruction; Incidence per 100,000 person/year.

Figure 1. Trend of ACLR incidence by gender per year

Figure 2. Tend of ACLR incidence in femele by age group.

Figure 3. Trend of ACLR incidence in male by age group.
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DISCUSSION
This is the first study to systematically investigate the incidence, 

demographics and cost of ACLR in Brazil’s public health system. It re-
vealed several key findings that can be used to guide policy and health 
economics: a) overall, the incidence of ACLR in Brazil was a lot lower 
than in other countries; b) the incidence has been steadily increasing in 
recent years, c) males accounted for the vast majority of the procedu-
res; however, the incidence has been increasing more among females
d) hospital stay has decreased from 2008 to 2014; however it is still high 
in comparison with other countries, and e) the cost per ACLR increased 
by 31% with the majority of the increase happening in the last two years.

We expected the true incidence of ACLR in Brazil to be higher than 
identified in this study, particularly as soccer, a major recreational sport 
in Brazil, is associated with a high risk for ACL injury11,12. However, the 
overall incidence of ACLR was low compared with reports from other 
countries. The ACLR incidence reported per 100,000 persons/year was 
44 in the US in 20069,  52 in Australia from 2003-20082, 37 in New Zea-
land from 2000-200510, 34 in Norway in 2005-20066 and 38 in Denmark 
from 2005 to 200711. The low incidence in Brazil which was more than 
15 times lower than in other countries may be because this study did 
not capture ACLR performed in private hospitals or paid by private in-
surance; however, this is unlikely to be the sole explanation as only 25% 
of Brazilians have private insurance (National Agency of Supplementary 
Health Care; http://www.ans.gov.br/perfil-do-setor/dados-gerais). Ano-
ther explanation and perhaps the most worrying would be the difficult 
access to the BUHS by those who injured their ACL as almost 10% of the 
Brazilian population that do not have a private insurance do not have 
access to the public health system as well13. Furthermore, the BUHS works 
with quotas, where each city has a finite number of procedures, exams, 
surgeries, so once these quotas are met all remaining procedures must 
be postponed to next year14. Thus, probably a considerable number of 
people with an ACL tear in Brazil may not have access to ACLR surgery 
or may be placed on lengthy waiting lists. Finally, it may be possible 
that conservative management is more commonly the recommended 
treatment for ACL tear in Brazil. But, conservative treatment for ACL is 
quite popular in Scandinavia, yet the ACLR rates are much higher than 
in Brazil. We, therefore, recommend that a national ACL registry should 
be created in Brazil to more accurately identify the extent of the problem 
by capturing almost all ACLR.

The incidence of ACLR varied considerably between sex and age 
groups. The vast majority of procedures was performed in males which 
is consistent with the finding in the U.S. study even though the propor-
tion of females having ACLR in the U.S. was a lot higher, 18% in Brazil 
and 42% in the U.S.9, however the proportion of females having ACLR 
has been steadily increasing in both countries. An explanation for the 

higher increase in females may be related to higher participation in 
sports by females in recent years. 

In the present study, those younger than 11 years old had a very 
low rate of ACLR. Due to differences in age group categorization be-
tween studies it is difficult to make a direct comparison. Nevertheless, 
this finding is consistent with a study conducted in Sweden which also 
showed that children aged below 10 years old account for less than 
1% of total ACLR4. Maybe, this finding can be related with the fact that 
ACL tear is a rare injury in children15,16 and generally surgeons prefer a 
conservative treatment for them due to the open growth plates that 
may be damaged during ACLR17. Surgery between those with 11 to 
20 years old presented a significant increase over time; the same fin-
dings were seen in Sweden and the U.S. and can be explained by an 
increased participation in competitive sports by a youth population4,17. 
In our study, people aged between 21 to 40 years accounted for 2/3 
of the total ACLR, most likely because of the high activity levels and 
participation in sports9,18. So, it seems that in Brazil the ACLR incidence 
regarding to age and sex is following similar worldwide trends. 

Even though, there was a decrease in the hospital length of stay 
over time, Brazilian hospital stay is still higher in comparison with other 
countries. In the U.S. in 1994, 43% of ACLR were performed in outpatient 
ambulatory surgery centers, sometimes discharging the patient hours 
after the surgery. In 2006, this rate rose to 95% of all ACLR performed in 
the U.S.9 even though a systematic review on the topic does not currently 
exist, individual studies that compared inpatient and outpatient ACLR 
surgery did not find an advantage of inpatient procedures19-22. Moreover, 
a recent study23, demonstrated potential economic benefits when ACLR 
procedures are performed in outpatient environments. The total cost of 
ACLR over the period is substantial and can get worse due to an increasing 
incidence of ACLR in Brazil overtime. Thus, increasing the proportion of 
outpatient ACLR procedures may result in cost saving that can potentially 
free up funds for offering surgery to patients on the waiting list.

The total cost to the public health system increased from US$5 
million in 2008 to 11 million in 2014 due to the increase in the number 
of operations but also an increase in cost per surgery. The majority 
of the increased cost per surgery happened in the last two years 
(from US$1,071 in 2012 to US$1,396 in 2014; Figure 4). This increase 
is particularly concerning as if it continues it will lead to an even 
greater burden to the Brazilian health care system. It is important 
to note, however, that the cost per surgery is still low compared to 
other industrialized nations; in the U.S. the average cost of inpatient 
ACLR is over US$30,00024. Comparing costs per surgery across nations 
is particularly challenging as the size of U.S. economy is very different 
of the Brazilian economy.

Whilst this is the first study to report incidence of ACLR in Brazil, some 
limitations need to be considered in light of these findings. By using this 
database, our results were limited only to procedures performed or paid 
by the BUHS. Accordingly, we could not capture ACLR procedures conduc-
ted under the private health system. Our study used data collected from 
an administrative database, thus data entry errors may have occurred. 

CONCLUSION
The total incidence of ACLR in Brazil is lower compared to other 

countries but it is steadily increasing, especially among women. Addi-
tionally, ACLR in Brazil is associated with longer hospital stay than in 
other countries. Setting up an ACLR registry in Brazil would allow for a 
more comprehensive evaluation of cost and outcomes.

All authors have declared there is not any potential conflict of interests 
concerning this article. 

Figure 4. Trend of Hospital length of stay and ACLR cost per surgery.
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