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Title: Predictors for additional anterior cruciate ligament reconstruction: 

data from the Swedish national ACL register   

 

Abstract 

Purpose To identify predictors for additional anterior cruciate ligament (ACL) reconstruction.  

Methods Patients from the Swedish national ACL register who underwent ACL reconstruction between January 

2005 and February 2013 (follow-up duration 6–104 months) were included. Cox regression analyses included 

the following independent variables regarding primary injury: age, sex, time between injury and primary ACL 

reconstruction, activity at primary injury, concomitant injuries, injury side, graft type, and pre-surgery KOOS 

and EQ-5D scores.  

Results Among ACL reconstruction procedures, 93% involved hamstring tendon (HT) autografts. Graft type did 

not predict additional ACL reconstruction. Final regression models only included patients with HT autograft (n = 

20,824). Of these, 702 had revision and 591 contralateral ACL reconstructions. The 5-year postoperative rates of 

revision and contralateral ACL reconstruction were 4.3% and 3.8%, respectively. Significant predictors for 

additional ACL reconstruction were age (4-fold increased rate for <16-year-old patients versus >35-year-old 

patients), time between injury and primary surgery (2- to 3-fold increased rate for ACL reconstruction within 0–

90 days versus >365 days), and playing football at primary injury.  

Conclusions This study identified younger age, having ACL reconstruction early after the primary injury, and 

incurring the primary injury while playing football as the main predictors for revision and contralateral ACL 

reconstruction. This suggests that the rate of additional ACL reconstruction is increased in a selected group of 

young patients aiming to return to strenuous sports after primary surgery and should be taken into consideration 

when discussing primary ACL reconstruction, return to sports, and during post-surgery rehabilitation.   

 

Level of evidence: Level II. 

 

Keywords ACL reconstruction registry · Contralateral · Cox regression analyses · Ligament registry · Revision · 

Subsequent injury   
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Title: Predictors for additional anterior cruciate ligament reconstruction: 1 

data from the Swedish national ACL register   2 

 3 

Introduction  4 

In the general Swedish population aged 10-64 years, anterior cruciate ligament (ACL) injury occurs with an 5 

incidence of approximately 81/100 000 people/year  [12]. Among patients who experience recurrent swelling 6 

and giving way and who participate in high-demand activities, ACL reconstruction (ACLR) is considered the 7 

standard care after injury [42]. Databases, such as the Kaiser Permanente Anterior Cruciate Ligament 8 

Reconstruction Registry [27] and the national ACL registers in Scandinavia [2,11,15,24], have been created with 9 

the overall goals of identifying factors related to patient outcomes and improving care of individuals with ACL 10 

injuries through improved feedback to surgeons [10]. 11 

ACL injury carries a high recurrence rate. Paterno et al. [29] investigated a population of active young 12 

individuals (10–25 years of age) who resumed cutting and pivoting activities after an ACLR, and reported that 13 

approximately 25% sustained a new ACL injury within one year. Compared with a knee-healthy person, a 14 

patient with an ACL-reconstructed knee has a greater risk of sustaining a new ACL injury in either knee [30]. 15 

The literature suggests that risk factors for sustaining an ipsi- and contralateral ACL injury include return to high 16 

activity level [5,33,44], young age at first injury [5,11,19,26,33,43,44], impaired postural control, and reduced 17 

hip and knee control during a landing task [30]. Additionally, use of allograft is a risk factor for graft rupture 18 

[5,19,26,43]. Inconsistent evidence exists to support other proposed risk factors, including sex [6,18,23,39,41], 19 

family history of ACL injury [6,39,44], notch width [40], graft type [6,23,39], and early return to full activity 20 

after ACLR [22,41].  21 

Many patients who suffer a new ACL injury also undergo an additional ACLR. ACL registers show a 22 

revision rate of  3.3–7.7% for the primary ACLR after 5–6 years of follow-up [2,17,21,24,27,42], and a rate of 23 

3.8–6.5% for ACLR in the contralateral knee [2,17,21,42]. In the literature, identified risk factors for additional 24 

ACLR (revision and contralateral) include primary ACLR at an age younger than 20 years [21,25,31,43] and 25 

ACLR performed by lower-volume surgeons or lower-volume hospitals [25]. Hamstring tendon (HT) autograft 26 

[31], allograft [19], and ACLR at an academic hospital are specific predictors for revision ACLR [43]. Using 27 

metal interference screw fixation of semitendinosus tendon autograft on the tibia is associated with a lower rate 28 

of revision ACLR [3]. The influences of other potential predictors for additional ACLR—such as activity at the 29 

time of primary injury, time between injury and primary ACLR, presence of any concomitant injuries, and injury 30 
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side—have not been well studied in large cohorts with multivariable analyses. Understanding predictors for new 31 

subsequent ACL injury and additional ACLR is important to be able to prevent such reoccurrences. Thus, 32 

clinicians should take such predictors into account when informing and advising patients prior to primary ACLR, 33 

and in the post-surgery rehabilitation and return-to-sports decision.  34 

 The present study aimed to identify predictors for additional ACLR in the ipsi- or contralateral knee 35 

following primary ACLR in a large cohort.  36 

 37 

Materials and methods 38 

 39 

The Swedish national ACL register 40 

Data were extracted from the Swedish national ACL register—a database that has used web-based protocols to 41 

record ACLR since January 2005 (www.aclregister.nu). Several reports from this cohort have previously been 42 

published [1-4,9,21]. It is estimated that more than 90% of all ACLR in Sweden are registered, with data entered 43 

by both the surgeon (surgeon data) and the patients (patient-reported outcome measures, PROM). The PROM of 44 

the register consists of  two questionnaires, the Knee Injury and Osteoarthritis Outcome score (KOOS) [37] and 45 

EQ-5D [34]. The KOOS evaluates knee-related problems on five subscales: pain, symptoms, activities in daily 46 

living (ADL), function in sports and recreation (Sport/Rec), and knee-related quality of life (QoL). For each 47 

subscale, a subscore is calculated, ranging from 0 (worst) to100 (best) [36,37]. The subscales Sport/Rec and QoL 48 

are the most responsive for patients after an ACLR [16]. The two-part EQ-5D assesses general health-related 49 

QoL [34]. The first part is the EQ-5D descriptive system, which includes five dimensions: mobility, self-care, 50 

usual activities, pain/discomfort, and anxiety/depression. The responses are used to calculate index values 51 

ranging from <0 (worst) to 1 (best). The second part is the EQ VAS, which records self-rated health on a vertical 52 

VAS (0–100) with 0 indicating the “worst imaginable health state” and 100 indicating the “best imaginable 53 

health state” (100). The suggested minimal clinically important differences for these instruments are 8–10 points 54 

for the KOOS [36], 0.08 for the UK EQ-5D index, and 8–12 for the EQ-5D VAS [32]. 55 

 56 

Study sample 57 

All patients registered in the Swedish national ACL register who underwent primary ACLR between the 1st of 58 

January 2005 and the 27th of February 2013 were considered for inclusion. Exclusion criteria were previous 59 

ACLR to the ipsi- or contralateral knee; missing information about used graft type; associated posterior cruciate 60 

http://www.aclregister.nu/
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ligament injury; injury to the posterior lateral corner; and any fracture, nerve injuries, osteotomies, or surgically 61 

treated injury to either the medial or lateral collateral ligament. The total study sample included data from 62 

approximately 320 surgeons in 76 orthopedic clinics (public health care system and private). 63 

 64 

Outcome and predictor variables 65 

Patient outcomes were followed until the 27th of August 2013, allowing a minimum of 6 months follow-up 66 

(range, 6–104 months). Outcome variables included additional revision or contralateral ACLR. Patients were 67 

followed up to the first additional revision ACLR or contralateral ACLR, or up to the end of the study. The 68 

analyses included both patient and surgical factors as predictors. Patient factors were age at primary ACLR (<16, 69 

16–25, 26–35, or >35 years), sex, primary injury to the right or left knee, activity at the time of primary injury 70 

(“football”, “other contact ball sports”, “other sports/recreation”, and “other causes”. The category “other contact 71 

ball sports” included handball, basketball, floor ball, American football, and rugby. “Other sports/recreation” 72 

comprised ice hockey, bandy, volleyball, cross-country skiing, alpine/telemark skiing, snowboard, racquet 73 

sports, martial arts, gymnastics, dance, enduro/motocross, other leisure sports, and recreational activities. ”Other 74 

causes” included work, traffic, and other causes), and pre-operative KOOS and EQ-5D scores. Surgical factors 75 

included time between injury and primary ACLR (0–90 days, 91–365 days, or >365 days) [20], presence of any 76 

concomitant injuries (lesion of the medial or lateral meniscus or cartilage as registered at the primary ACLR), 77 

and graft type (bone-patellar-tendon bone graft (BPTB), HT autograft, or other grafts).  78 

 79 

Ethical approval 80 

The study was approved by the Regional Ethical Committee at Linköping University (Dnr 2013/321-31) and by 81 

the Swedish National ACL Register board. 82 

 83 

Statistical methods 84 

All statistical analyses were performed using IBM SPSS Statistics for Windows (Version 21.0. Armonk, NY: 85 

IBM Corp.). Mean and standard deviation (SD) or median and interquartile range (IQR) were calculated for 86 

descriptive statistics. Multivariable Cox proportional hazards regression models were used to estimate 87 

associations between predictors (i.e., age, sex, injury side, activity performed at the time of first ACL injury, 88 

time between ACL injury to primary ACLR, and presence of any concomitant injuries) and the occurrence of 89 

additional ACLR (revision or contralateral) during the follow-up period. This analysis allows us to consider the 90 
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time to additional ACLR as an important factor and differences in follow-up times between patients are taken 91 

into account in the survival analyses. Time was recorded in days. The final models were determined using a 92 

backward procedure starting with the inclusion of all predictors, and performing stepwise deletion of the 93 

variables with the highest P values until only significant variables remained. Several items were analyzed 94 

separately using simple Cox regression models, including preoperative KOOS and EQ-5D due to low response 95 

rates, and graft type due to a skewed distribution. Hazard ratios (HRs) with 95% confidence intervals (CIs) and P 96 

values were included in the models. The significance level was set at P < 0.05.  97 

 98 

Results 99 

As of 27th of August 2013, a total of 22,429 patients meeting the inclusion criteria were registered with surgeon 100 

data, among whom 20,824 (93%) had surgery with HT autograft, 1,429 (6%) with BPTB graft, and 174 (1%) 101 

with other grafts (including 37 allografts). The rate of additional ACLR did not differ according to graft type. 102 

For revision ACLR, BPTB graft showed an HR of 0.86 (95% CI, 0.65–1.13; n.s.) and other grafts showed an HR 103 

of 1.44 (95% CI, 0.65–3.22; n.s.), with HT autograft as reference. For contralateral ACLR, BPTB graft showed 104 

an HR of 0.92 (95% CI, 0.69–1.21; n.s.) and other grafts showed an HR of 0.91 (95% CI, 0.30–2.91; n.s.) with 105 

HT autograft as reference. To obtain a more homogeneous cohort, subsequent analyses included only patients 106 

with HT autograft (n= 20,824), of whom 702 underwent revision ACLR and 591 contralateral ACLR during 107 

follow-up (Table 1).  108 

There were low response rates for KOOS (68–69%) and EQ-5D (60–63%) and, therefore, these 109 

parameters were not included in the final Cox regression multivariable model. Simple Cox regression analyses 110 

showed statistically significant predictors for revision ACLR for the KOOS symptoms subscale, EQ-5D index 111 

and EQ VAS, and for contralateral ACLR for the KOOS subscales pain, ADL, Sport/Rec, and QoL (Table 2).  112 

Table 3 presents the numbers of patients who had additional ACLR during each year of follow-up. A 113 

majority of the revision ACLR (58%) occurred within the first two years postoperatively, and 51% of 114 

contralateral ACLR occurred between the first and third years postoperatively. Fig. 1 presents cumulative 115 

proportion events at end of interval for revision and contralateral ACLR over the follow-up period.  116 

 117 

Predictors of revision and contralateral ACLR in the multivariable model 118 

Table 4 presents the final Cox regression models with variables associated with additional ACLR, which 119 

included 18,746 primary ACLR for the outcome revision ACLR (648 events), and 18,761 primary ACLR for the 120 
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outcome contralateral ACLR (552 events). The most commonly missing data were relating to the variable days 121 

between injury and primary ACLR due to a missing injury date.  122 

Among the patient factors in the multivariable Cox model, significant predictors for revision ACLR 123 

included age and activity at injury (Table 4). Sex and side of primary injury (right or left knee) were not 124 

significant predictors (n.s.). Time between injury and ACLR was the only significant surgical factor to predict 125 

revision ACLR. Concomitant intra-articular injuries was not significant (n.s.).  126 

Among the patient factors in the multivariable Cox model, significant predictors for contralateral ACLR 127 

were age and activity at injury (Table 4), while sex and side of primary injury (right or left knee) were not 128 

significant (n.s.). Among surgical factors, time between injury and ACLR predicted contralateral ACLR, while 129 

presence of concomitant intra-articular injuries was not significant (n.s.).  130 

 131 

Discussion 132 

The main findings of this study were that younger age, undergoing primary ACLR early after injury, and 133 

incurring ACL injury while playing football were predictors of additional ACLR to both the ipsi- and 134 

contralateral knee. This suggests an increased rate of additional ACLR within a selected group of young patients 135 

who are most likely aiming to return to strenuous sports after primary ACLR. 136 

The present study included the largest published cohort of ACLR patients to date, with nearly 21,000 137 

patients and a median follow-up of 4 years. The determined 5-year rates of revision (4.3%) and contralateral 138 

(3.8%) ACLR were similar to those reported in other register studies: 3.3–7.7% for both revision and 139 

contralateral ACLR with follow-up times of approximately 5 years [2,17,21,24,27,42]. Most additional ACLR 140 

occurred within the first three years postoperatively, with almost 3 out of 5 revision ACLR procedures 141 

performed within the first two years. This high early recurrence rate could be related to many factors. In 142 

particular, it can be speculated that insufficient rehabilitation, premature return to sports, technical failure at the 143 

primary ACLR, and biological issues are contributing factors. Healthcare professionals should be aware of this 144 

increased rate of additional ACLR, especially revision ACLR, during the first two years after primary ACLR. 145 

Our present finding that young age predicted a subsequent ACLR is in line with previous reports 146 

[25,26,43]. Young age (<20 years) has been previously found to be a predictor for subsequent ACLR, as well as 147 

for repeated knee surgeries after ACLR [17]. Hettrich et al. [17] investigated the Multicenter Orthopaedic 148 

Outcomes Network (MOON) cohort, and found that 18.9% had additional surgery to the ipsilateral knee and 149 

10.2% to the contralateral knee at 6-year follow-up. Younger people are expected to have a higher activity level, 150 
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especially in contact sports [24,44]. Return to strenuous sports that include sidestepping, pivoting, and jumping 151 

is a predictor for revision ACLR [5], and also for graft rupture by a factor of 3.9 and for contralateral rupture by 152 

a factor of 5 [44]. Fältström et al. [13] have previously shown that patients with bilateral ACL injuries had a high 153 

activity level before their second injury, which is in agreement with these findings. In the present study, no 154 

information was available regarding the patients’ activity level or return to sports.  155 

Another predictor for additional ACLR was the activity performed when sustaining the primary ACL 156 

injury. Compared with other activities, football was associated with an increased rate of additional ACLR. It 157 

should be stressed that the available activity data in the current study only represents the activity performed at 158 

the occurrence of the primary injury, and that no information was available regarding regular sports participation 159 

before or after the primary ACLR. Nonetheless, it is plausible that these patients represent an active subgroup of 160 

the cohort to a high degree. A previous study from the Swedish ACL register showed that young females who 161 

injured their ACL while playing football have an increased rate of subsequent revision or contralateral ACLR 162 

[2]. On the other hand, data from the Danish ACL register [24] showed that the cause of primary injury 163 

(sports/no sports) did not influence the risk for ACL revision.  164 

Compared with delayed (>12 months) ACLR, early ACLR (<3 months from injury to surgery) [20] was a 165 

predictor for additional ACLR in the present study. In Sweden, the median time for ACLR after primary injury is 166 

more than 8 months [21], and patients most often undergo physiotherapist-supervised rehabilitation before it is 167 

decided whether to perform ACLR. It can be argued that the predictor is not the time between injury and surgery 168 

per se, but rather that early ACLR is most often performed in a selected sample of highly active young patients 169 

who desire a rapid return to strenuous sports. In a systematic review, De Valk et al. [8] also showed that patients 170 

with an early ACLR (<3 months) had higher activity levels after ACLR.  171 

The use of BPTB graft is decreasing, with 98% of the ACLR in 2012 in Sweden performed using 172 

hamstring autograft [21] (www.aclregister.nu). While previous studies have found that HT grafts [26,31,35] and 173 

allografts [26,43] increase the rate of revision ACLR, graft type was not a predictor for additional ACLR in this 174 

study. A Cochrane review from 2011 reported no difference in re-rupture risk between BPTB and HT graft [28]. 175 

At present, only a selected group of surgeons and a few clinics in Sweden still use BPTB graft and, therefore, it 176 

is possible that factors other than the graft type itself influence the risk of revision ACLR. The current study 177 

included very few ACLR with allograft (37 patients), and the sample was insufficiently sized to compare the rate 178 

of additional ACLR in this group against other grafts. Andernord et al. [3] recently investigated the Swedish 179 

National ACL register, and reported that graft selection, graft width, use of a single-bundle or double-bundle 180 

http://www.aclregister.nu/


7 

 

technique, femoral graft fixation, the injury-to-surgery interval, and meniscus injury were not predictors of early 181 

revision (≤2 years)  ACLR. 182 

The present results showed a small, but statistically significant association between preoperative KOOS 183 

and EQ-5D scores and the rate of additional ACLR. However, the direction of this association between 184 

preoperative PROM and additional ACLR varied. The reasons for this variation remain unclear. It is possible 185 

that preoperative PROM could reflect the outcome of the preoperative rehabilitation. Granan et al. [14] reported 186 

that every 10-point reduction in the KOOS QoL measured at 2 years postoperatively is associated with a 34% 187 

higher risk for later revision ACLR. Further analysis of PROM as a predictor for additional ACLR is required. 188 

Concomitant injuries, such as meniscus and cartilage injuries, were not a predictor for additional ACLR 189 

in the present study. This is in line with the findings of Wasserstein et al. [43]; however, Lyman et al. [25] 190 

reported that concomitant meniscectomy or other knee surgery were predictors of subsequent ACLR. In the 191 

present study, injury side (right or left knee) was not a predictor for additional ACLR. To our knowledge, this 192 

factor has not previously been investigated in large register studies. Brophy et al. [7] found that football players 193 

who underwent ACLR on their nondominant limb had a significantly higher rate of future contralateral ACLR. 194 

As the ACL register does not report limb dominance and represents a diversity of sports, it is difficult to 195 

compare this information with previous studies. The current study also showed that the rate of additional ACLR 196 

was not associated with sex, which is in agreement with previous studies analyzing subsequent ACL injury 197 

[38,39,44,45] or additional ACLR [25,38,43].  198 

The major strength of the present study is the large patient population that makes the results highly 199 

generalizable to individuals with ACLR with hamstring tendon autograft, at least within Sweden. In addition to 200 

those already mentioned, several limitations to using registry data should be acknowledged. First, the utilized 201 

registry did not include data on several potentially important predictors for subsequent ACLR—e.g., return to 202 

sport and activity level, rehabilitation factors, and injury mechanism. Second, there were low response rates on 203 

the preoperative KOOS and EQ-5D questionnaires, and thus these variables could not be included in the final 204 

model. Furthermore, it would have been valuable to also analyze KOOS and EQ-5D postoperatively, as these 205 

could arguably be more important predictors for additional ACLR; however, such data were not included due to 206 

the even lower response rates (41–51%). Third, it should be stressed that the true rate of new ACL injury to the 207 

ipsi- or contralateral knee is unknown, since only additional ACLR are reported in the register, not non-208 

surgically treated ACL ruptures. In this context, it should also be acknowledged that while a second ACL injury 209 

is unquestionably a negative outcome, undergoing an additional ACLR could in fact represent a favorable 210 
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outcome for some patients. It is plausible that young and active patients are more frequently offered additional 211 

ACLR, while older patients who are active at a recreational level may instead be recommended non-surgical 212 

treatment. Such patient selection for surgery could be one explanation for why younger and more active patients 213 

had an increased rate of additional ACLR in the present study. Fourth, a minimum follow-up of 6 months was 214 

selected because very few patients are expected to undergo additional ACLR within less than 6 months. This 215 

choice may have resulted in the exclusion of some patients with shorter follow-up who would eventually 216 

undergo additional ACLR. Finally, although the register is believed to include more than 90% of all ACL 217 

surgeries in Sweden, some patients could have been lost to follow-up for reasons such as moving out of the 218 

country (young people tend to move more often than older individuals) or death, and it is possible that a second 219 

ACLR was not reported in the register for some patients. Therefore, similar to in other studies, the rate of 220 

subsequent ACLR may have been underestimated [25].  221 

 222 

Conclusion 223 

This study identified younger age, having ACLR early after the primary injury, and incurring the primary injury 224 

while playing football as the main predictors for revision and contralateral ACLR. This suggests an increased 225 

rate of additional ACLR in a selected group of young patients who likely desire a rapid return to strenuous sports 226 

after primary surgery. This information should be used when discussing expectations and risks of new injury 227 

with the patient prior to the ACLR. This finding should also be taken into consideration during post-surgery 228 

rehabilitation and when discussing return to sports/activity with these patients.   229 
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 TABLE 1  

 

Table 1 Characteristics of included patients with primary ACLR operated with hamstring tendon autograft 
 
 

ACLR anterior cruciate ligament reconstruction, SD standard deviation, IQR Interquartile Range, MCL medial 
collateral ligament, LCL lateral collateral ligament 
a Missing data from 4 patients, n = 19,527 (no additional ACLR) 
b n = 19,524 (no additional ACLR), n = 700 (revision), n = 591 (contralateral) 
c n = 17,617 (no additional ACLR), n = 653 (revision), n = 552 (contralateral)  
d n = 19,463 (no additional ACLR), n = 698 (revision), n = 590 (contralateral)  
 

 Additional ACLR during follow-up 
Variables No  

 
n = 19,531 

Yes,  
revision     
n = 702 

Yes,  
contralateral 
n = 591 

Male sex, n (%) 11,159 (57.1) 384 (54.7) 295 (49.9) 
    
Follow-up time in days,    
median (IQR) 1,399 (1401) 630 (629) 800 (848) 
    
Age in years (at primary ACLR),a     
mean ± SD 27.0 ± 9.9 21.9 ± 7.3 22.3 ± 8.4 
 
Age group, n (%) 

   

<16  1,247 (6.4) 86 (12.3) 93 (15.7) 
16–25 9,070 (46.4) 455 (64.8) 351 (59.4) 
26–35 4,931 (25.3) 111 (15.8) 88 (14.9) 
>35 4,279 (21.9) 50 (7.1) 59 (10.0) 
    
Primary injury,b n (%)    
right knee 10,092 (51.7) 354 (50.6) 304 (51.4) 
left knee 9,432 (48.3) 346 (49.4) 287 (48.6) 
    
Days between injury and primary ACLR,c  
n (%) 

   

0–90 1,994 (11.3) 153 (23.4) 96 (17.4) 
91–365 9,264 (52.6) 349 (53.4) 323 (58.5) 
>365 6,359 (36.1) 151 (23.1) 133 (24.1) 
    
Activity performed at primary ACL injury,d 
n (%) 

   

Football 8,285 (42.6) 367 (52.6) 294 (49.8) 
Other contact ball sports 3,315 (17.0) 117 (16.8) 136 (23.1) 
Other sports/recreation 5,819 (29.9) 163 (23.4) 129 (21.9) 
Other causes 2,044 (10.5) 51 (7.3) 31 (5.3) 
    
Presence of concomitant injuries at primary 
ACLR, n (%) 

   

Meniscus injury (medial/lateral) 8,300 (42.5) 302 (43.0) 249 (42.1) 
- surgically treated (% of meniscus injuries) 6,980 (84.1) 238 (78.8) 197 (79.1) 
Articular cartilage injury 5,253 (26.9) 127 (18.1) 136 (23.0) 
MCL 525 (2.7) 19 (2.7) 12 (2.0) 
LCL 117 (0.6) 2 (0.3) 9 (1.5) 



Table 2 
 

Table 2 Pre-operative patient reported outcome measures (KOOS and EQ-5D) for primary ACLR with hamstring tendon autograft among patients 
who did not undergo additional ACLR (n = 19,531), who had revision ACLR (n = 702), and who had contralateral ACLR (n = 591)  
 

Hazard ratios and 95% confidence intervals from simple Cox regression models 
Data are presented as mean ± SD. ACLR anterior cruciate ligament reconstruction, SD standard deviation, HR Hazard ratio, CI confidence 
interval, KOOS  Knee injury and Osteoarthritis Outcome Score, ADL activities of daily living, VAS visual analogue scale  
a Hazard ratio for revision ACLR versus no revision ACLR 
b Hazard ratio for contralateral ACLR versus no contralateral ACLR 
 

 Additional ACLR during follow-up 
 No 

 
Yes, revision 

 
   Yes, contralateral 

 
  

Variables    
HRa 

 
95% CI 

 
P value 

  
HRb 

 
95% CI 

 
P value 

KOOS           
response rate  n = 13,193 (68%)    n = 483 (69%)    n = 404 (68%)    
Symptoms   70.0 ± 18.3 67.9 ± 18.3 0.993 0.989–0.998 0.007 71.5 ± 17.5 1.004 0.999–1.010 n.s. 
Pain   74.8 ± 17.6 74.3 ± 18.3 0.998 0.993–1.003 n.s. 77.2 ± 16.8 1.007 1.001–1.013 0.021 
ADL  84.0 ± 16.8 84.3 ± 17.1 0.999 0.994–1.005 n.s. 87.1 ± 16.0 1.010 1.003–1.017 0.003 
Sport/Function  41.3 ± 27.3 40.7 ± 27.8 0.998 0.995–1.002 n.s. 46.3 ± 27.9 1.006 1.002–1.009 0.002 
Quality of life  33.4 ± 18.5 33.5 ± 19.4 1.000 0.995–1.005 n.s. 35.9 ± 20.4 1.007 1.002–1.012 0.011 
          
EQ-5D index          
response rate  n = 12,180 (62%)    n = 439 (63%)    n = 364 (62%)    
  0.68 ± 0.23 0.66 ± 0.26 0.568 0.392–0.823 0.003 0.69 ± 0.23 1.084 0.686–1.712 n.s. 
          
EQ-5D VAS          
response rate  n = 12,045 (62%)  n = 434 (62%)    n = 354 (60%)    
 63.3 ± 23.2 60.7 ± 25.0 0.994 0.991–0.998 0.005 65.6 ± 23.4 1.003 0.998–1.007 n.s. 



Table 3 Life table of additional anterior cruciate ligament reconstruction (ACLR) in patients operated with hamstring tendon autograft  

 Revision ACLR (n=702) Contralateral ACLR (n=591) 
Year Entering 

intervala 
(n) 

Censored 
during 

intervalb 
(n) 

Exposed 
to riskc 

(n) 

Revision 
ACLR 

(n) 

Proportiond 
(%) 

Cumulative 
proportion 

(%) 

Entering 
intervala 

(n) 

Censored 
during 

intervalf 
(n) 

Exposed 
to riskc 

(n) 

Contra-
lateral 
ACLR 

(n) 

Proportione 
(%) 

Cumulative 
proportion  

(%) 

0-1 20,824 1,841 19,903.5 133 0.7 0.7 20,824 1,885 19,881.5 89 0.4 0.4 
1-2 18,850 3,284 17,208.0 276 1.6 2.3 18,850 3,393 17,153.5 167 1.0 1.4 
2-3 15,290 2,832 13,874.0 128 0.9 3.2 15,290 2,828 13,876.0 132 1.0 2.4 
3-4 12,330 2,844 10,908.0 76 0.7 3.8 12,330 2,844 10,908.0 76 0.7 3.0 
4-5 9,410 2,522 8,149.0 38 0.5 4.3 9,410 2,498 8,161.0 62 0.8 3.8 
5-6 6,850 2,344 5,678.0 29 0.5 4.8 6,850 2,332 5,684.0 41 0.7 4.5 
6-7 4,477 1,997 3,478.5 15 0.4 5.2 4,477 1,999 3,477.5 13 0.4 4.8 
7-8 2,465 1,653 1,638.5 7 0.4 5.6 2,465 1,649 1,640.5 11 0.7 5.5 
>8 805 805 402.5 0 0.0 5.6 805 805 402.5 0 0.0 5.5 

 

a Entering interval: number of patients at start of the time interval, e.g. at 0 years, 1 year etc. 
b Censored during interval: number of patients whose follow-up time ended within the time interval or had a contralateral ACLR within the time 

interval. 
c Exposed to risk: number of patients who were exposed to risk for ACLR. Individuals are assumed to be censored evenly during interval, so; 

Exposed to risk = Entering interval – (Censored during interval / 2).    
d Proportion revision ACLR: (number of revision ACLR / number exposed to risk) * 100.  
e Proportion contralateral ACLR: (number of contralateral ACLR / number exposed to risk) * 100. 
f Censored during interval: number of patients whose follow-up time ended within the time interval or had a revision ACLR within the time 

interval. 

 
 



 TABLE 4  

Table 4 Statistically significant predictors of revision and contralateral ACLR after primary 
ACLR from multivariable backward stepwise Cox proportional hazards regression analyses 
 
 

ACLR anterior cruciate ligament reconstruction, HR hazard ratio, CI confidence interval  
 

                                                              Revision ACLR,               Contralateral ACLR,   
  n = 18,746    n = 18,761  
                                                                                     
Variables 

HR 95% CI  P 
Value 

 HR 95% CI  P 
Value 

Patient factors         
Age at primary ACLR        
<16 4.26 2.93–6.18 <0.001  4.26 2.97–6.10 <0.001 
16–25 3.45 2.51–4.74 <0.001  2.46 1.80–3.37 <0.001 
26–35 1.61 1.12–2.30 0.009  1.17 0.82–1.69 n.s. 
>35 Reference group 1    1   
        

Activity performed at primary 
ACL injury 

       

Football Reference group 1    1   

Other contact ball sports 0.78 0.64–0.97 0.023  1.16 0.94–1.43 n.s. 
Other sports/recreation 0.77 0.63–0.94 0.010  0.79 0.63–0.98 0.032 

Other causes 0.89 0.64–1.24 n.s.  0.61 0.40–0.94 0.024 

        
Surgical factors        
Days between injury and primary 
ACLR 

       

0–90  3.07 2.44–3.85 <0.001  2.13 1.64–2.78 <0.001 
91–365 1.51 1.24–1.83 <0.001  1.55 1.26–1.90 <0.001 
>365 Reference group 1    1   
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