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Risk of anterior cruciate ligament injury in population with 
elevated body mass index
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ABSTRACT

Aim Anterior cruciate ligament (ACL) injury is among the most 
common orthopaedic injuries. The elevated body mass index 
(BMI) can contribute to non-contact ACL injury. This study aims 
to assess the risk of ACL injury among elevated BMI population 
people (BMI ≥25 Kg\m2). 

Methods This is a cross sectional study that was conducted in a 
tertiary care centre in the Kingdom of Saudi Arabia. A total of 302 
patients, who had an ACL reconstruction surgery in a ten-year-pe-
riod (January 2008 to December 2018) were included. 

Results Sport related injury is significantly higher among the 
overweight and obese groups (p=0.002). Moreover, the combi-
ned ACL tear was higher among the overweight and obese gro-
ups (p=0.001). In univariate regression analysis for the selec-
ted baseline characteristics, it was found that individuals with 
higher BMI have chance to develop combined (ACL) injury 2 
times higher when compared to those with isolated ACL injury 
(p=0.003). Also, the ACL type, mode of injury, types of injury 
and type of sports were statistically significant in univariate re-
gression analysis. However, only the mode of injury was sta-
tistically significant after controlling the confounding factors. 
Other selected variables like type of sport, type of injury and 
ACL type were not significant.

Conclusion Elevated BMI was associated with a higher risk of 
developing combined ACL tear as well as reinjured individuals.

Key words: anterior cruciate ligament reconstruction, BMI, knee 
injury, obesity, sport injury
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INTRODUCTION

Anterior cruciate ligament (ACL) tear is among 
the most common orthopaedic injuries (1,2). 
The annual ACL injury rate in the United States 
is reported to be between 100000 – 200000 (3). 
Many factors have been associated with ACL 
injury including modifiable and non- modifiable 
risk factors. In fact, understanding the modifiable 
risk factors is crucial in employing preventative 
measures (4,5). One of the modifiable risk fac-
tors is an elevated body mass index (BMI), which 
can contribute to the development of non-contact 
ACL injury and associated with articular injuri-
es in the Prescence of ACL tear (6). Reportedly, 
elevated BMI in both genders is associated with 
increasing the rate of knee injuries (7,8). Noyes 
et al. found that 75% of ACL injuries were due to 
non- contact mechanism (9).  
Limited studies assessed the association between 
BMI and the risk of ACL injury (10). World He-
alth Organization (WHO) considers obesity as a 
worldwide health issue which is associated with 
many chronic disorders. WHO classified the BMI 
between 25 - 30 kg/m2 as an overweight and more 
than 30 kg/m2 as obesity (11). In the Kingdom of 
Saudi Arabia (KSA), the prevalence of overweight 
population is 30.7% in males and 28.4% in females. 
Moreover, the prevalence of obesity is more in fe-
males, accounting for 23.6% compared with 14.2% 
in the male population (12). Although obesity is an 
emerging health issue in the KSA and ACL injury 
is one of the most common injuries faced by ortho-
paedic surgeons, there is only one national study, 
up to authors’ knowledge, which assessed the asso-
ciation between these variables (1,12). 
The aim of this study is to evaluate the risk of 
ACL injury in a population with an elevated BMI 
(BMI ≥25 Kg\m2) in a tertiary care centre in- Al-
Khobar city, KSA.

PATIENTS AND METHODS

For this cross-sectional study, which was conduc-
ted in a tertiary care centre in Al Khobar, KSA,  data 
were collected in a ten-year period (January 2008 
to December 2018). The study included all patients 
who underwent ACL reconstruction using either 
semitendinosus (semi-T) or bone-tendon bone 
(BTB) autograft\allograft. Patients’ demographics 
and other variables related to the injury and surgery 
were obtained via an electronic file system. Three 

hundred and two patients were included, and 13 
patients were excluded due to missing data, so the 
total cohort was 289. An institutional review board 
approval was granted for the study. 

Methods 

The rate of isolated anterior cruciate ligament 
tear, multi-ligamentous tears and associated me-
niscal injuries were compared between normal 
BMI and elevated BMI groups in conjunction 
with baseline variables. Multi-ligamentous tears 
were defined as an ACL tear plus one or more 
of the following: medial collateral ligament, the 
lateral collateral ligament and posterior cruciate 
ligament tears. The collected data included the 
date of admission, duration of injury and date of 
surgery, along with height (m) and weight (kg) 
represented by the BMI. 
The sample was categorized into three main cate-
gories, based on WHO classification of BMI, the 
normal BMI group (17.9-24.9), overweight (25-
29.9) and obese group. The obese group included 
the three main classes: Class I for BMI between 
(30- 34.9), Class II BMI between (35- 39.9) and 
Class III for BMI of 40 and above. Mechanisms 
of injury involving the type of sport, either contact 
sports (e.g., football and basketball), non-contact 
sports (e.g., jogging and jumping) or non-sport 
injuries (e.g., falls) were considered. The presence 
or absence of surgical revision was documented.

Statistical analysis

The data were described using numbers and per-
centages for all categorical variables. The relati-
onship between the BMI level and baseline cha-
racteristics of patients was conducted using the ꭓ2 
test. The p<0.05 was accepted as the significant 
level for all statistical tests. Univariate and mul-
tivariate regression analysis had been conducted 
as well to predict the likelihood effect of the BMI 
≥25 kg/m2 against the significant variables drawn 
from the cross tabulation where the unadjusted 
and adjusted odds ratio (OR) as well as 95% con-
fidence interval (CI) were also being reported. 

RESULTS

The age range of 289 patients was 12-55 years old 
(mean 28.3±7.5). Nearly all patients were males, 
284 (98.3%).  Injuries were mostly due to sport ac-
tivities, 201 (69.6%), while 88 (30.4%) were due to 
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non-sport. The mean BMI was 27.6 (SD 4.8). Ba-
sed on BMI classification, 86 (29.8%) patients had 
normal BMI, 116 (40.1%) were overweight and the 
87 (30.1%) were obese. Three out of four patients 
had the ACL injury for the first time. Most patients 
had an isolated ACL injury, 110 (38.1%).  Com-
bined ACL with medial meniscus injury accoun-
ted for 97 (33.6%) patients. The ACL with lateral 
meniscus injury accounted for 26 (9%), and ACL 
with both menisci were 32 (11 %). The relationship 
between the level of BMI and baseline characte-
ristics of patients showed that the mode of injury 
(p=0.018) isolated ACL injury (p=0.003), and ACL 
injury type (p=0.007) significantly influence the le-
vel of BMI (Table 1).

The results of univariate analysis predicted that 
those who had reinjured ACL were 2.16 times more 
likely in the elevated BMI group (UOR=2.16; 95% 
CI=1.13–4.12; p=0.020). After conducting mul-
tivariate for the latter, the risk decreased to 1.97 
(AOR=1.97; 95% CI=1.00–3.85; p=0.049). For 
ACL type, the risk of injury in elevated BMI gro-
up in the non-isolated ACL group was 2.03 times 
higher than those with isolated ACL (UOR=2.03; 
95% CI=1.21–3.39; p=0.007) (Table 2).

Variable 

N (%) of patients

pTotal 
(n=289)

Elevated BMI 
(≥25 kg/m2) 

(n=203)

Normal BMI 
(<25 kg/m2) 

(n=86)
Age group 
≤30 years 193 (66.7) 128 (63.1) 65 (75.6)

0.039 
>30 years 96 (33.2) 75 (36.9) 21 (24.4)
Gender
Male 284 (98.3) 198 (97.5) 86 (100)

0.142
Female 5 (01.7) 05 (02.5) 0
Type of sports
Football 190 (65.7) 121 (59.6) 69 (80.2)

0.001
Non-football 99 (34.2) 82 (40.4) 17 (19.8)
Leg injured
Left 129 (44.6) 92 (45.3) 37 (43.0)

0.595Right 158 (54.7) 109 (53.7) 49 (57.0)
Both 2 (0.70) 02 (01.0) 0
Isolated
Isolated 113 (39.1) 68 (33.5) 45 (52.3)

0.003
Combined 176 (60.9) 135 (66.5) 41 (47.7)
Type of injury
Sport 201 (69.6) 130 (64.0) 71 (82.6)

0.002
Non-sport 88 (30.4) 73 (36.0) 15 (17.4)
Classification of injury
Contact 97 (33.6) 65 (32.0) 32 (37.2)

0.393
Non-contact 192 (66.4) 138 (68.0) 54 (62.8)
Mechanism of injury
Fall 37 (12.8) 31 (15.3) 06 (07.0)

0.146Twisting 163 (56.4) 110 (54.2) 53 (61.6)
Trauma 89 (30.8) 62 (30.5) 27 (31.4)
Type of graft
Semi-T 269 (93) 189 (94.0) 80 (93.0)

0.747
BTB 20 (6.9) 14 (06.0) 06 (07.0)
Source of graft
Autograft 284 (98.2) 198 (98.5) 86 (100)

0.255
Allograft 05 (1.7) 05 (01.5) 0
Mode of injury
Reinjured 74 (25.6) 60 (29.6) 14 (16.3)

0.018
Non-reinjured 215 (74.4) 143 (70.4) 72 (83.7)
ACL type
Isolated ACL 110 (38.1) 67 (33.0) 43 (50.0)

0.007
Non-isolated ACL 179 (61.9) 136 (67.0) 43 (50.0)

Table 1. Relationship between the level of body mass index 
(BMI) and clinical characteristics of 289 patients with ante-
rior cruciate ligament (ACL) injury

BMI, body mass index; Semi-T, semitendinosus; BTB, bone-tendon 
bone; ACL, anterior cruciate ligament

Variable UOR (95% CI) p AOR (95% CI) p 
Age group
≤30 years Ref Ref
>30 years 1.81 (1.03–3.20) 0.040 1.61 (0.89 –2.92) 0.115
Type of sports
Football 0.36 (0.19–0.66) 0.001 1.92 (0.69–5.26) 0.206
Non-football Ref Ref
Isolated
Isolated Ref Ref
Combined 2.18 (1.30–3.64) 0.003 1.66 (0.67–4.12) 0.271
Type of Injury
Sport 2.66 (1.42–4.97) 0.002 0.74 (0.26–2.12) 0.575
Non-sport Ref Ref
Mode of injury
Reinjured 2.16 (1.13–4.12) 0.020 1.97 (1.00–3.85) 0.049
Non-reinjured Ref Ref
ACL type
Isolated ACL Ref Ref
Non-isolated ACL 2.03 (1.21–3.39) 0.007 1.33 (0.54–3.32) 0.535

Table 2. Univariate and multivariate regression analysis to 
determine independent significant factors associated with 
body mass index (BMI ≥25 kg/m2) in 289 patients with 
anterior cruciate ligament injury

UOR, unadjusted Odds Ratio; AOR, adjusted Odds Ratio; CI, Con-
fidence Interval, Ref, reference category

DISCUSSION

Our study focused on addressing the association 
between elevated BMI and ACL injury. Under-
standing the association between these variables in 
this study is crucial. Obesity is a major public he-
alth problem that causes burden on the patient and 
the society affecting a large number of countries 
worldwide (13). The overall world prevalence of 
obesity and overweight in the KSA was 35.6%. 
and 36.9%, respectively, that makes 72.5% of the 
population falling in either overweight or obese 
category (11). Surprisingly, in our study obese and 
overweight patients were 30.1% and 40.1% of the 
study’s population respectively, which accounted 
for 70.2 % of the total number.
Thein et al. reported that increased BMI in both 
genders is associated with an elevated prevalen-
ce of knee injuries, but it was more significant in 
females in terms of having more associated me-
niscal and ligamentous injuries (8). In our study, 
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most of the patients were male accounting for 
98.3%; that makes it difficult to draw a statistical 
conclusion because the sample is not representa-
tive for the gender. 
In our study, the patients with high BMI were 
more prone to develop non-isolated ACL injuri-
es than isolated ACL compared to patients with 
normal BMI (<25 kg/m2). Also, there was a si-
gnificant difference in the reinjury rate, which 
was significantly less in the group with normal 
BMI. This was the only significant finding after 
adjustment to confounders. The risk of ACL tears 
and particularly combined ACL tears were signi-
ficantly higher across the high BMI group. 
A recent systematic review showed that the non-
contact injuries in the patients with normal BMI 
account for 49%, while in the elevated BMI, the 
non-contact injuries reach 40% indicating no si-
gnificant difference between the two groups (6). 
Al Jassir et al. have found that the BMI was not co-
unted as a risk factor of injury; their study did not 
include ACL cases with traumatic injuries, partial 
tear, revision ligament surgery, multi-ligamentous 
injury and patients with current or old hamstring 
injuries (14). In contrary, all first and reinjured pa-
tients with contact and non-contact injuries were 
included in our study. In a study by Ballal et al. 
on the functional outcome of primary ACL recon-
struction with hamstring graft, there was no signi-
ficant difference between the patients with normal 
and high BMI in terms of mean age, postoperative 
length of stay or injury mechanism (15).
Our research focused on the role of elevated BMI 
and its relationship to ACL injury. As BMI is one 
of the modifiable factors, understanding the re-
lationship between these variables will give us a 
clue to improve the prevention strategies of ACL 
injuries.  In Bojicic et al. study, sagittal magne-
tic resonance (MRI) images had been collected 
and specific radiological measurements had been 
quantified in addition to patients’ demographic 
data suggesting that high BMI was associated 
with a risk of developing ACL injury in presen-

ce of increased value of lateral posterior tibial 
slope (16). Derraik et al. reported an association 
between patients with elevated BMI and the pro-
gressive decrease in physical functions, therefo-
re, such a deficit can include patients who suffer 
from orthopaedic diseases such as  ACL injuries 
(17). Identifying and understanding the risk fac-
tors and the mechanism of ACL injury are of gre-
at importance for the patients and clinicians as it 
helps to design neuromuscular training programs 
for athletes (18). 
ACL injury can cause knee joint instability lea-
ding ultimately to cartilage damage and the deve-
lopment of knee osteoarthritis (19,20).
Our study showed that the patients with an eleva-
ted BMI had a higher risk for developing isolated 
as well as non-isolated ACL tear.
A limitation of our study is that BMI was only me-
asured at the time of hospital admission and may 
not indicate the true BMI measure at the time of 
injury. The study did not differentiate between par-
tial or complete ACL injuries. Also, the sampling 
design of this study was non-probability sampling 
based on the patients who visited the medical 
centre. Moreover, both partial and complete tears 
were considered and submitted together. 
In conclusion, understanding the association 
between an elevated BMI and ACL injury is im-
portant in the implementation of appropriate pre-
ventive measures. Recent literature suggests ha-
ving an elevated BMI is a modifiable risk factor 
for ACL injury. Many questions remain unanswe-
red, including the type of body fat mass versus 
the lean and how much is the hazardous amount 
of weight gain, all these questions could be the 
target of future research.

FUNDING

No specific funding was received for this study.

TRANSPARENCY DECLARATION

Conflict of interest: None to declare.

REFERENCES 

1. Hagmeijer M, Hevesi M, Desai V, Sanders T, Camp 
C, Hewett T, Stuart M, Saris D, Krych A. Secondary 
meniscal tears in patients with anterior cruciate liga-
ment injury: relationship amon operative manage-
ment, osteoarthritis, and arthroplasty at 18- year mean 
follow-up. Am J Sports Med 2019; 47:1583-90.

2. Barth K, Lawton C, Touhey D, Selley R, Li D, Balde-
rama E, Nuber G, Hsu W. The negative impact of an-
terior cruciate ligament reconstruction in professional 
male footballers. Knee 2019; 26:142-148.



87

3. Gordon A. Anterior cruciate ligament injuries. In: 
Garrik JG, editor. Orthopaedic Knowledge Update 
Sports Medicine 3. Rosemont, IL: American Aca-
demy of Orthopaedic Surgeons, 2004; 169.

4.  Dauty M, Crenn V, Louguet B, Grondin J, Menu P, 
Fouasson-Chailloux A. Anatomical and neuromuscu-
lar factors associated to non-contact anterior cruciate 
ligament injury. J. Clin Med 2022; 11:1402.

5. Uhorchak JM, Scoville CR, Williams GN, Arciero 
RA, St Pierre P, Taylor DC. Risk factors associated 
with noncontact injury of the anterior cruciate liga-
ment: a prospective four-year evaluation of 859 West 
Point cadets. Am J Sports Med 2003; 31:831-42.

6. Pfeifer CE, Beattie PF, Sacko RS, Hand A. Risk fac-
tors associated with non-contact anterior cruciate li-
gament injury: a systematic review. Int J Sports Phys 
Ther 2018;13:575-87.

7.   Ulusoy G, Kızılgöz V, Sivrioğlu A. Relationship 
between body mass index and articular injuries 
accompanying primary anterior cruciate ligament tear 
in male knees: a retrospective observational study. J 
knee Surg 2022; 33:1156-62. 

8. Thein R, Hershkovich O, Gordon B, Burstein G, Te-
nenbaum S, Derazne E, Shamis A, Afek A, Kreiss Y. 
The prevalence of cruciate ligament and meniscus 
knee injury in young adults and associations with 
gender, body mass index, and height a large cross-
sectional study. J Knee Surg 2017; 30:565-70.

9. Noyes FR, Mooar PA, Matthews DS, Butler DL. The 
symptomatic anterior cruciate-deficient knee. Part I: 
the long-term functional disability in athletically active 
individuals. J Bone Joint Surg Am 1983; 65:154-62.

10. Hermassi S, Hayes LD, Schwesig S. Can body fat 
percentage, body mass index, and specific field te-
sts explain throwing ball velocity in team handball 
players? App Sci 2021;11:3492.

11. WHO Expert Committee on Physical Status : the 
Use and Interpretation of Anthropometry (1993 : 
Geneva, Switzerland) & World Health Organizati-
on. (1995). Physical status : the use of and interpreta-
tion of anthropometry , report of a WHO expert com-
mittee. World Health Organization. https://apps.who.
int/iris/handle/10665/37003 (23 October 2022)

12. Al-Othaimeen AI, Al-Nozha M, Osman AK. Obesity: 
an emerging problem in Saudi Arabia. East Mediterr 
Health J 2007; 13:441-8.

13. Agha M, Agha R. The rising prevalence of obesity: 
part A: impact on public health. Int J Surg Oncol 
2017; 2:17

14. ALJassir F, Nasser A, Bin Khidhr R. The anthropo-
metric measurements as predisposing factor for non-
contact anterior cruciate ligament injury in middle-
aged women. Saudi Journal of Sports Medicine 2018; 
18:67-70.

15. Ballal MS, Khan Y, Hastie G, Hatcher A, Coogan 
S, McNicholas MJ. Functional outcome of primary 
hamstring anterior cruciate ligament reconstruction in 
patients with different body mass index classes. Ar-
throscopy 2013; 29:1314-21.

16. Bojicic KM, Beaulieu ML, Imaizumi Krieger DY, 
Ashton-Miller JA, Wojtys EM. Association betwe-
en lateral posterior tibial slope, body mass index, 
and ACL injury risk. Orthop J Sports Med 2017; 
5:2325967116688664.

17. Derraik JG, de Bock M, Hofman PL, Cutfield WS. 
Increasing BMI is associated with a progressive re-
duction in physical quality of life among overweight 
middle-aged men. Sci Rep 2014; 4:3677.

18. Shimokochi Y, Shultz SJ. Mechanisms of noncontact 
anterior cruciate ligament injury. J Athl Train 2008; 
43:396-408.

19.  Webster K, Hewett TE. Anterior cruciate ligament 
injur and knee osteoarthritis: an umbrealla systema-
tic review and meta-analysis. Clin J Sport Med 2022; 
32:145-52.

20.  Ripani U, Manzarbeitia-Arroba P, Guijarro-Leo S, 
Urrutia-Graña J, De Masi-De Luca A. Vitamin C may 
help to reduce the knee's arthritic Symptoms. Outco-
mes assessment of nutriceutical therapy. Med Arch 
2019; 73:173-7.

Alsayed et al. ACL injury risk in elevated BMI group


