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Abstract
Background: The Anterior cruciate ligament (ACL) injury is among the most common orthopedic injuries(1).
The Elevated Body Mass Index (BMI), can contribute to non-contact ACL injury(5). This study aims to assess
the risk of (ACL) injury in obese people (BMI) more than 30 Kg\m2).

Methodology: This is a retrospective cohort series was done in a tertiary care  center in Kingdom of  Saudi
Arabia . A total of 302  patients, who had ACL reconstruction surgery in a period between (January 2008 to
December 2018) were included. (BMI) was classi�ed based on WHO classi�cation, baseline characteristics
data include: Age, gender, nationality, type of injury, classi�cation of injury, mechanism of injury, and mode
of injury. Binary regression analysis was done to predict the effect of obesity on a selected baseline
characteristic of patients (type of sport, Isolated\ combined, type of injury, reinjury rate).

Result:

Our study showed that sport related injury is signi�cantly higher among overweight and obese group (P:
0,007). Moreover, the combined ACL tear was higher among overweight and obese group (P: 0,001). In binary
regression analysis for the selected baseline characteristics we found that obese people have chance to
develop combined (ACL) injury 2 times higher when compared to those with isolated ACL injury with a p
value of (0,003). However, the other selected variables like mode of injury, type of sport, mechanism of injury
and type of graft were not signi�cance. 

Conclusion:  Elevated BMI  was associated with higher risk of developing  ACL tear.

Background
Anterior cruciate ligament (ACL) tear is among the most common orthopedic injuries [1]. The annual ACL
injury rate in United States is reported to be between 100000 – 200000 [2, 3]. Many factors have been
associated with ACL injury including modi�able and non- modi�able risk factors; however, understanding the
modi�able risk factors is crucial in employing preventative measures [4]. One of the modi�able risk factors is
an elevated body mass index (BMI), which can contribute to development of  non-contact ACL injury [5]. 
Thein et al reported that the elevated BMI in both genders associated with increasing the rate of knee injuries
[6]. Noyes FR et al. reported a 75% of ACL injuries were due to non- contact mechanism [7]. World Health
Organization )WHO( classi�ed the BMI with more than 30 kg\ m2 as obesity, and BMI between 25 - 30 kg\
m2 as overweight [8]. In Kingdom of Saudi Arabia (KSA), the prevalence of overweight is 30.7% in male and
28.4% in female population.  Moreover, the prevalence of obesity is more in female, accounting for 23.6%
compared with 14.2% in male population [9]. Although obesity is an emerging health issue in KSA and ACL
injury is one of the most common injuries faced by orthopedic surgeons , there is only one study held in
Riyadh, KSA  that asses the association between these variables [1, 9].  The aim of this study is to evaluate
the risk of ACL injury in obese people (BMI more than 30kg\m2) in a single tertiary care  center is Saudi
Arabia- AL Khobar.
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Methods
A cohort retrospective study was done in a tertiary care center at Al Khobar, KSA after an institutional review
board approval. The data were gathered from January 2008 to December 2018. Patients’ demographics and
other variables were obtained via an electronic �le system. Three hundred and two patients were in included
in this study, 13 patients were excluded due to missing of data, so the total was 289.  We included all
patients who underwent ACL reconstruction using either  semitendinosus or  bone-tendon bone autograft or
allograft. We compared the rate of isolated anterior cruciate ligament tear, multi-ligamentous tears and
associated meniscal injuries between different patient’s BMI groups in conjunction with baseline variables.
Multi-ligamentous tears were de�ned as an ACL tear plus one or more of the following: medial collateral
ligament, the lateral collateral ligament and posterior cruciate ligament tears. Both partial and complete
tears were considered and summited together. Patients’ data were obtained including the date of admission,
duration of injury, and date of surgery along with height (m) and weight (kg) resembled in (BMI). The sample
was categorized into three main categories, based on WHO classi�cation of BMI, namely:   the normal BMI
group (17.9-24.9), overweight (25-29.9), and obese group. The obese group includes the three main classes,
 Class I is for BMI between(30- 34.9), Class II ( 35- 39.9) and (Class III for BMI of 40 and above). Mechanism
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. Presence or absence of surgical
revision were documented.

Statistical Analysis

Data analysis was done using Statistical Packages for Software Sciences (SPSS) version 21 Armonk, New
York, IBM Corporation. Data are described using numbers and percentages for all categorical variables. Chi
square test was utilized to calculate the relationship between dependent and independent variables. The
accepted  P-value as a signi�cant level is  ≤0.05  for all statistical tests. Furthermore, binary regression
analysis has been utilized to predict the likelihood effect of the dependent variables against independent
factors where the odds ratio and 95% con�dence interval were also being shown.

Results
The baseline characteristics of patients are represented in (Table 1). The age range was from 12 to 55 years
old (mean 28.3 ± 7.5 SD). Nearly all participants were males (98.3%) and mostly Saudis (99%). Additionally,
about (70%) of accident were due to sport activities while (30.4%) were due to non-sport. With regards to the
type of sport, football was played by (63%) of participants, (1.4%) played basketball, while other sports such
as swimming and running were composed of (5.2%) whereas (30.4%) of participants had been categorized
in a non-sport group. The mean BMI of participants was 27.6 (SD 4.8) where normal BMI was composed of
(29.8%), overweight was (40.1%) and the rest were obese (30.1%). There were cases of (60.9%) referring to
combined ACL tear and (39.1%) cases of isolated ACL tear. With regards to classi�cation of injury, a high
proportion of injury were sustained from non-contact (66.4%) whereas (33.6%) sustained from contact.
Moreover, A higher proportion (56.4%) of injuries of were due to twisting mechanism, (30.8%) were a result of
trauma and the rest occurred from fall (12.8%). More than a half of patients had right side injury (54.7%),
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whereas left sided injury were (44.6%) and 2 cases were bilaterally injured. In the course of injury, about a
half of patients (49.5%) waited 1 to 3 years of ACL till the time of procedure, followed by (30.0%) which
waited less than a year and the rest were either more than 3 years or less than a month of time. With regards
to the type of graft, almost all patients (93.7%) accounted to have semi-T where the source was mostly
autograft (99%). Also, about three out four patients documented to have �rst time of exposure to ACL injury.

When measuring the relationship between BMI group and the baseline characteristics of patients, we found
that sport related injury is signi�cantly higher among the overweight and obese group (p-0.007) for which,
football was the most signi�cant in compare with other sports (p-0.003). Combined ACL tear cases are
signi�cantly higher among obese and overweight group; the calculated p value was (0.001). However, the
patients with normal BMI was signi�cantly less likely to be reinjured, P- value of (0.029). On the other hand,
age group in years, gender, leg injured, classi�cation of injury, mechanism of injury, type of graft and source
of graft were not statistically signi�cant to BMI group (Table 2).

In binary regression analysis, we discovered that the chance of obese patients of having combined ACL
injury is 2 times higher compared to those with isolated ACL injury ( Adjusted odds ratios AOR) = 2.367 p-
0.003). Other variables included in this study such as type of sports, type of injury and mode of injury
revealed to have no signi�cant effect in the obesity group of patients (Table 3).

Discussion
Our study focused on addressing the association between elevated (BMI) and (ACL) injury, understanding
the association between these variables is highly important specially in our population as the overall
prevalence of obesity Saudi Arabia is around 35.6%, and the overweight is 36.9% that makes 72.5% of
population are either overweight or obese (10). Surprisingly, our study showed that the injured patients were
obese and overweight around (30%) and (40%) respectively, which account for 70% of the total patients.

Thein et al reported that increased BMI in both genders is associated with elevated prevalence of knee
injuries but was more signi�cant in female subjects with respect of having more associated meniscal and
ligamentous injuries [6]. However, most of the participants in this study were males accounting for 98.3%,
while the female accounts for 1.7% of subjects. Furthermore, in our study, there was no signi�cance
association between the different BMI groups and gender (P-value: 0.220).

In our study, obese patients were more prone to develop knee injuries compared to normal BMI patients with
a p value of (0.004). There was a signi�cant difference in the reinjury rate, which was signi�cantly less in
normal BMI group with a P-value of (0.029). The risk of ACL tears and particularly combined ACL tears were
signi�cantly higher across obese patients as well as overweight patients with a p value of (0.001). AlJassir
et al study showed that elevated BMI is not a risk factor for developing non-contact ACL injury with a p value
of (0,697), however, they were not sure whether the BMI was changed time of injury and the time of surgery
[10].

A recent systematic review showed that the non-contact injuries in normal BMI subjects account for 49%;
while in elevated BMI subjects, the non- contact injuries reach 40%, which indicates no signi�cance
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difference between the two groups [5]. However, regarding to the mechanism of injury; Ballal et al reported
that there is no signi�cance difference between normal (BMI), overweight and obese. However, this study
also showed that there is insigni�cance difference in the mechanism of injury between the three groups (P-
value: 0.59) [11].

Our research focuses on the important role of elevated BMI and its positive relationship to ACL injury. BMI is
one of the modi�able factors, so understanding the relationship between these variables will give us an
opportunity to improve the prevention strategies of ACL injuries. According to Bojicic et al, it has been shown
that subjects with elevated BMI had higher risk to develop ACL injuries. They looked at BMI as a modi�able
risk factor and posterior tibial slope as non-modi�able risk factor and concluded that the BMI contributes in
exacerbation of the positive correlation between posterior tibial slope and ACL injury risk. And their
suggestions were toward the athletes who are recommended to increase their weight should decrease their
weight as an effective way to decrease their risk of developing ACL injury [12]. Derraik et al reported an
association between patients with elevated BMI and the progressive decrease in physical functions,
therefore such a de�cit can include patients who suffer from orthopedic diseases such as ACL injuries
[13].Identifying and understanding the risk factors and the mechanism of ACL injury are of great importance
for the patients and clinician as it helps to design neuromuscular training programs for athletes [14]. Our
study showed that patients with elevated BMI had higher risk for developing ACL tear. Moreover, BMI has
been showed to contribute to exacerbation of the positive correlation between elevated BMI and risk of ACL
tears.

The limitation of our study, BMI was only measured at time of admission to the hospital and may not
indicate the true BMI measure at time of injury.

Understanding the association between elevated BMI and ACL injury is important in implementation of the
appropriate preventive measures. Recent literature suggests having an elevated BMI is a modi�able risk
factor for ACL injury. Many questions remain unanswered, 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
researches .

Conclusion
In conclusion people with more than accepted BMI level will be at higher risk of having ACL tear. In other
words, the BMI elevation is associated with developing ACL tear. Understanding the relationship between
ACL injury and modi�able risk factors which include elevated BMI is important in implementation of the
preventive measures of ACL injury.
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Table 1: Baseline Characteristics of patients 
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Study variables N (%)

(n=289)

Age group in years  

•      11 – 20 years 38 (13.1%)

•      21 – 30 years 155 (53.6%)

•      >30 years 96 (33.2%)

Gender  

•      Male 284 (98.3%)

•      Female 05 (01.7%)

Nationality  

•      Saudi 286 (99.0%)

•      Non-Saudi 03 (01.0%)

Type of sports  

•      Football 182 (63.0%)

•      Basketball 04 (01.4%)

•      Other sports 15 (05.2%)

•      Non-sports 88 (30.4%)

   

BMI kg/m2 (mean ± SD) 27.6 ± 04.8

   

BMI group   

•      Normal 86 (29.8%)

•      Overweight 116 (40.1%)

•      Class I obesity 63 (21.8%)

•      Class II obesity 22 (07.6%)

•      Class III obesity 02 (0.70%)

Leg Injured  

•      Left 129 (44.6%)

•      Right 158 (54.7%)

•      Both 02 (0.70%)

Isolated  

•      Isolated 113 (39.1%)

•      Combined 176 (60.9%)
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Type of Injury  

•      Sport 201 (69.6%)

•      Non-sport 88 (30.4%)

Classification of Injury  

•      Contact 97 (33.6%)

•      Non-contact 192 (66.4%)

Mechanism of injury  

•      Fall 37 (12.8%)

•      Twisting 163 (56.4%)

•      Trauma 89 (30.8%)

Duration  

•      <1 month 19 (07.0%)

•      1 – 11 months 82 (30.0%)

•      1 – 3 years 135 (49.5%)

•      >3 years 37 (13.6%)

Type of graft  

•      Semi-T 269 (93.7%)

•      BTB 18 (06.3%)

Source of graft  

•      Autograft 284 (99.0%)

•      Allograft 03 (01.0%)

Mode of injury  

•      Reinjured 74 (25.6%)

•      Non-reinjured 215 (74.4%)

ACL type  

•      Isolated ACL 113 (39.1%)

•      ACL with medial  93 (32.2%)

•      ACL with lateral 26 (09.0%)

•      ACL with both 32 (11.1%)

•      ACL with other ligaments 25 (08.7%)

   

ACL - Anterior Cruciate Ligament. 
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Table 2: Relationship between BMI group and the baseline characteristics of patients (n=289)
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Factor Normal

N (%)

(n=86)

Overweight

N (%)

(n=116)

Obese

N (%)

(n=87)

P-value §

Age group in years        

•      11 – 20 years 17 (19.8%) 10 (08.6%) 11 (12.6%) 0.065

•      21 – 30 years 48 (55.8%) 59 (50.9%) 48 (55.2%)

•      >30 years 21 (24.4%) 47 (40.5%) 28 (32.2%)

Gender        

•      Male 86 (100%) 114 (98.3%) 84 (96.6%) 0.220

•      Female 0 02 (01.7%) 03 (03.4%)

Type of sports        

•      Football 67 (77.9%) 68 (58.6%) 47 (54.0%) 0.002 **

•      Non-football 19 (22.1%) 48 (41.4%) 40 (46.0%)

Leg Injured        

•      Left 37 (43.0%) 53 (45.7%) 39 (44.8%) 0.518

•      Right 49 (57.0%) 61 (52.6%) 48 (55.2%)

•      Both 0 02 (01.7%) 0

Isolated        

•      Isolated 45 (52.3%) 46 (39.7%) 22 (25.3%) 0.001 **

•      Combined 41 (47.7%) 70 (60.3%) 65 (74.7%)

Type of Injury        

•      Sport 71 (82.6%) 75 (64.7%) 55 (63.2%) 0.007 **

•      Non-sport 15 (17.4%) 41 (35.3%) 32 (36.8%)

Classification of Injury        

•      Contact 32 (37.2%) 39 (33.6%) 26 (29.9%) 0.594

•      Non-contact 54 (62.8%) 77 (66.4%) 61 (70.1%)

Mechanism of injury        

•      Fall 06 (07.0%) 17 (14.7%) 14 (16.1%) 0.212

•      Twisting 53 (61.6%) 59 (50.9%) 51 (58.6%)

•      Trauma 27 (31.4%) 40 (34.5%) 22 (25.3%)

Type of graft        

•      Semi-T 80 (93.0%) 104 (91.2%) 85 (97.7%) 0.164

•      BTB 06 (07.0%) 10 (08.8%) 02 (02.3%)
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Source of graft        

•      Autograft 86 (100%) 113 (99.1%) 85 (97.7%) 0.323

•      Allograft 0 01 (0.90%) 02 (02.3%)

Mode of injury        

•      Reinjured 14 (16.3%) 38 (32.8%) 22 (25.3%) 0.029 **

•      Non-reinjured 72 (83.7%) 78 (67.2%) 65 (74.7%)

§ P-value has been calculated using chi square test. 

** Significant at p≤0.05 level.

 

Table 3: Binary regression analysis to predict the effect of obesity from the selected baseline characteristics of patients (n=289)

Factor Odds Ratio 95% CI P-value §

Type of sports      

•      Football 0.598 0.356 – 1.006 0.053

•      Non-football Ref  

Isolated      

•      Isolated Ref   0.003 **

•      Combined 2.367 1.352 – 4.145

Type of Injury      

•      Sport 0.982 0.408 – 2.367 0.126

•      Non-sport Ref  

Mode of injury      

•      Reinjured 0.720 0.614– 2.025 0.385

•      Non-reinjured Ref  

CI – Confidence Interval.

** Significant at p≤0.05 level


