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Abstract: 

 
Background : Recurvatum is generally considered to be a risk factor for graft tendon failure and 

a probable risk factor for native anterior cruciate ligament failure.  

 

Purpose :To evaluate the impact of recurvatum and the type of anterior cruciate ligament repair 

on the hamstring/quadriceps ratio 4 months after surgery. 

 

Materiels and methods : 103 patients having undergone anterior cruciate ligament surgery were 

included between July 1st, 2017, and July 1st, 2018. A clinical check-up and an isokinetic test 

were performed 4 months after surgery. The hamstring/quadriceps ratio was calculated and then 

assessed as a function of the type of surgery and the presence or absence of recurvatum.  

 

Results : The mean hamstring/quadriceps ratio on the operated side did not differ significantly 

(p=0.87) when comparing patients with recurvatum (1.2) and those without (also 1.2). The 

interaction between the type of surgery and recurvatum was statistically significant (p=0.019). In 

patients with recurvatum, the mean hamstring/quadriceps ratio was 1.49 in the patellar tendon 

group and 1.04 in the hamstring ligament group.  

 

Conclusion : Neither the presence of recurvatum nor the type of surgery alone was related to the 

hamstring/quadriceps ratio on the operated side. However, the interaction between surgery and 

recurvatum was statistically significant. Patellar tendon technique should be preferred to the 

hamstring group technique in patients with recurvatum. 

 
Keys cords : anterior cruciate ligament injury ; anterior cruciate ligament repair ; recurvatum ; 

isokinetic 

 

 

 

 

 

 

 

 

 

Résumé : 

 
Contexte : La rupture du ligament croisé antérieur est une blessure très fréquente chez le sportif. 

Le recurvatum est généralement considéré comme un facteur de risque de re-rupture du greffon et 

un facteur de risque probable de rupture du ligament croisé antérieur natif. 
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Objectif : Évaluer l'impact du recurvatum et du type de chirurgie sur le ratio fonctionnel ischio-

jambier/ quadriceps 4 mois après la chirurgie. 

 

Matériel et Méthodes : 103 patients opérés du ligament croisé antérieur ont été inclus entre le 1er 

juillet 2017 et le 1er juillet 2018. Un examen clinique et un test isocinétique ont été réalisés 4 

mois après la chirurgie. Le ratio ischio-jambier/ quadriceps a été calculé pour chaque patient, puis 

évalué en fonction du type de chirurgie et de la présence ou non de recurvatum.  

 

Résultats : Le ratio ischio-jambier/ quadriceps moyen du côté opéré ne différait pas 

significativement (p = 0,87) lorsque l'on comparait les patients avec recurvatum (1,2) et ceux sans 

(également 1,2). L'interaction entre le type de chirurgie et le recurvatum était statistiquement 

significative (p = 0,019) : chez les patients avec recurvatum, le ratio ischio-jambier/ quadriceps 

moyen était de 1,49 dans le groupe tendon rotulien et de 1,0 dans le groupe tendons ischio-

jambiers.  

 

Conclusion : Ni la présence de recurvatum, ni le type de chirurgie ne sont liés au ratio ischio-

jambier/ quadriceps du côté opéré, cependant l'interaction entre le type de chirurgie et la présence 

de recurvatum était statistiquement significative dans notre population. La technique du tendon 

rotulien devrait être préférée à celle des tendons ischio-jambiers chez les patients avec 

recurvatum. 

 

Mots-clés : rupture du ligament croisé antérieur ; chirurgie du ligament croisé antérieur ; 

recurvatum ; isocinétique 

 

 

 

1. INTRODUCTION: 

 
Anterior cruciate ligament (ACL) failure is a very common sports injury. According to the 

French health authorities, 35,500 operations for ACL failure took place in France in 2006, and 

the prevalence of this injury continues to rise [1]. Indeed, ACL repair is the most frequently 

performed operation in sports medicine, with the goal of stabilizing the knee joint and 

preventing instability [1]. The most common surgical ACL repair procedures are the bone–

patellar tendon–bone (BPTB) autograft (also known as the Kenneth Jones technique) and the 

hamstring tendon (HT) autograft. There are currently no guidelines on the choice of the surgical 

technique for ACL repair; each surgeon has his or her own preference, and each technique has 

advantages and disadvantages. However, the frequency and time scale of muscle function 

recovery differ from one technique to another [2,3]. Although many studies have addressed this 

problem, a consensus has not emerged [4–6]. However, it appears that the key to success is good 

graft positioning, rather than the choice of the technique per se; two thirds of surgical failures 

are caused by poor positioning [7]. The initial tensioning and the primary fixation’s solidity and 

stability over time are critical factors [7]. 

 

Isokinetic strength training [8] is frequently prescribed as a rehabilitation technique following 

surgical ACL repair. It enables the accurate quantification of the force produced by muscles 

commonly involved in knee pathologies (the quadriceps and the hamstrings, in ACL failure), 

and serves as a guide to rehabilitation and the resumption of sports activities. Some parameters 

are measured [9], and others are calculated. According to the literature, the 

hamstring/quadriceps (H/Q) functional ratio (defined by Croisier et al. in 1996 as the ratio 
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between the force generated by eccentric contraction of the hamstrings at 30 °/s and the force 

generated by concentric contraction of the quadriceps at 240 °/s) best reflects the knee’s 

physiological status. A ratio above 0.9 is normal, whereas a ratio below 0.8 is pathologic [10]. 

This muscle evaluation technique is increasingly being used to assess top-level athletes [10,11]. 

 

Knee recurvatum is characterized by a femur-tibia angle of 5° or more in the sagittal plane. 

Recent publications [12,13] (including one from the Multicenter ACL Revision Study (MARS) 

group [12]) have demonstrated that recurvatum is a risk factor for graft tendon failure and a 

probable risk factor for native ACL failure (with a statistically significant odds ratio [95% 

confidence interval (CI)] of 2.12 (1.1-4.7)). In the MARS, the prevalence of recurvatum in 

patients with ACL rupture was 33% [12].  

Kim et al. hypothesized that patellar tendon grafts are more stable than hamstring tendon grafts 

in patients with knee hyperextension [14]. This hypothesis has yet to be validated 

experimentally.  

Myer et al. found that knee hyperlaxity might increase the risk of ACL failure [15]. These 

observations and hypotheses raise questions about the best rehabilitation and surgical strategies 

for optimizing recovery and preventing the recurrence of ACL failure in patients with 

recurvatum. This topic has already been addressed by a Japanese study published in 2011 [16]; 

Kawahara et al. suggested that the presence of recurvatum should be taken into account during 

rehabilitation following ACL injury. 

 

Furthermore, hyperextension also constitutes a challenge for the surgeon. It has been shown that 

the loss of extension after ACL reconstruction has a negative impact on the outcome, with an 

increased risk of radiographic osteoarthritis [17].  

The MARS study has shown that hyperextension is a risk factor for graft rupture [12].  

The surgeon must consider the risk benefit balance between hyperextension on one hand and 

loss of extension on the other. 

 

The primary objective of the present study was to evaluate the impact of recurvatum and the 

type of ACL repair surgery on a functional outcome: the H/Q ratio in an isokinetic test 

performed 4 months after surgery. The study’s secondary objectives were to (i) estimate the 

prevalence of recurvatum in patients undergoing surgery after ACL rupture, (ii) evaluate the 

impact of recurvatum on the functional performance of healthy knees (i.e. in the absence of 

ACL rupture or other types of traumatic knee injury), and (iii) analyze the contexts in which the 

ACL fails (sports training, skiing accidents, etc.). 

 

 

2. MATERIALS AND METHODS: 

 
We performed a retrospective analysis of data collected by a sports medicine clinic over a 12-

month period between July 1st, 2017, and July 1st, 2018. The study participants had been 

referred by seven private- and public-sector hospitals in northern France. The two main 

inclusion criteria were surgical ACL repair (using BPTB or HT autograft techniques), and 

referral by the orthopedic surgeon to our sports medicine clinic for an isokinetic test at 4 months 

post-surgery. The main non-inclusion criteria were a history of homolateral or contralateral ACL 

failure, ACL surgery, tendon damage, muscle-tendon surgery or meniscectomy, a 

contraindication to isokinetic testing, and the performance of an isokinetic test with parameters 

other than those specified in the study protocol. Patients who did not receive the study 

information sheet or refused to participate were not included in the study. 
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For each participant, a clinical check-up and an isokinetic test were performed during the same 

sports medicine consultation 4 months after surgery. Isokinetic active movement is defined as to 

a dynamic muscle contraction with (i) displacement of the limb segment at a constant speed 

over the entire range of motion, and (ii) a variable, self-adapting resistance (10). All isokinetic 

tests were performed on the same dynamometer from MEDIMEX Company (HUMAC® 

NORM ™, Computer Sports Medicine, Inc., Stoughton, MA). After a general warm-up on a 

cycle ergometer, the participant performed a specific isokinetic warm-up routine on the 

dynamometer. The speeds and contraction modes were the same as in the recorded test run. 

The participant first performed two series of three concentric-mode contractions of the 

quadriceps at 90 °/s, with a 60-second recovery period between the two. The first series served 

as a warm-up, and the second was recorded for analysis. Next, the participant performed two 

series of five concentric-mode contractions of the quadriceps at 240 °/s. Again, there was a 60-

second recovery period between the two series, and the second series was recorded for analysis. 

Lastly, the participant performed two series of three eccentric-mode contractions of the 

hamstrings at 30 °/s, with a 60-second recovery period between the two. Again, the second 

series was recorded for analysis. The participants were told to perform a maximal effort during 

the test series but not during the warm-up series. We then calculated the H/Q functional ratio, 

defined as the ratio between the force generated by eccentric contraction of the hamstrings at 

30 °/s and the force generated by concentric contraction of the quadriceps at 240 ° (11). 

 

Demographic and clinical data concerning the study participants (such as age, weight, height, 

and the date and type of surgery) were extracted from their electronic medical records. 

 

 

Statistical analyses: 

One classic guideline (Agresti, 2007) [18] suggest that there should be 10 cases for each 

predictors included in the logistic regression. Given that the prevalence of recurvatum among 

patients with ACL failure is around 33%, and that 3 predictors will be included, we calculated 

that 100 patients would have to be included.  

We first performed a descriptive analysis of the data. Quantitative variables were described as 

the mean ± standard deviation (SD) or the median [interquartile range (IQR)], and qualitative 

variables were described as the number (percentage). When considering patients with 

recurvatum, the 95%CI was calculated for all variables. Differences between patients with 

recurvatum and those without were evaluated by using Student’s test (or the Mann-Whitney-

Wilcoxon test, for non-normal data distributions) for quantitative variables and a Chi-squared 

test (or Fisher’s test, for small sample sizes) for qualitative variables. Distributions has been 

assessed by Shapiro-Wilk test. 

In order to study the correlation between the H/Q functional ratio for the operated side and that 

on the healthy side, we calculated Spearman’s coefficient (given the non-normal data 

distribution) and its 95%CI for the study population as a whole and for the subsets of patients 

with or without recurvatum. To study the impact of recurvatum and the type of surgery on the 

functional performance of the operated leg, we performed a multivariate multiple linear 

regression analysis. The study variable was the H/Q functional ratio on the operated side, and 

the explanatory variables were the H/Q functional ratio on the healthy side, the type of surgery, 

and the presence of recurvatum. “Outlier” patients with a highly abnormal functional ratio on 

the operated side were excluded from this analysis. The conditions for application of a 

multivariate multiple linear regression (the normality of residues, and heteroscedasticity) were 

met. The regression’s correlation coefficient (R²) was estimated by repeating a 10-fold cross-

validation procedure 1000 times. 

The threshold for statistical significance was set to p<0.05 for all analyses. All statistical 

analyses were carried out with R software (version 3.4.2) [19]. 
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3. RESULTS: 

 
We included 103 patients: 80 males (77.7%) and 23 females (12.3%). The characteristics of the 

study population are described in Tables 1. Twenty-eight participants (27.2%; 95%CI = [18.6%, 

35.8%]) had recurvatum, 48 patients (46.6%) had undergone surgery on the left knee, 44 

(42.7%) had undergone a BPTB autograft, and 59 (57.3%) had undergone an HT autograft. Nine 

patients (10.2%) had suffered a single traumatic injury, and 1 patient (1.1%) had suffered 

multiple trauma. The other patients were injured during sports activities: 48 during soccer 

(54.5%), 14 when skiing (15.9%), 4 during basketball (4.5%), 4 during judo (4.5%), 3 during 

handball (3.4%), 2 during rugby (2.3%), 1 during volleyball (1.1%), 1 during gymnastics 

(1.1%), and 1 during badminton (1.1%) (Figure 1).The mean (range) H/Q ratio on the healthy 

side was 1.1, with a minimum of 0.1 and a maximum of 3.1. The mean H/Q ratio of operated 

side was 1.2, with a minimum of 0.1 and a maximum of 3.1 also. 

 

We performed bivariate analyses to investigate the difference between patients with recurvatum 

and those without (Tables 1). There was no intergroup difference in the proportion of male 

patients (74.7% among patients without recurvatum and 85.7% among those with recurvatum; 

p=0.35). None of the qualitative variables were significantly related to the presence of 

recurvatum. In the subgroup without recurvatum, 36 patients (48%) had undergone BPTB 

surgery; this proportion was 28.6% in the recurvatum subgroup (p=0.12).  

The mean body weight was significantly higher in patients without recurvatum (72.9 kg) than in 

patients with recurvatum (78.9) kg (p=0.042).  

The mean H/Q ratio on the healthy side was 1.0 in patients without recurvatum and 1.1 in 

patients with recurvatum; these ratios did not differ significantly (p=0.8). The mean H/Q ratio 

on the operated side was 1.2 in patients without recurvatum, and 1.2 in patients with 

recurvatum; again, these ratios did not differ significantly (p=0.87) (figure 2). Given that an 

increase in the H/Q ratio does not indicate whether it is close to the target value, we also 

compared the H/Q ratio on the operated side with the normal value (0.9) as a function of the 

recurvatum status. The difference was not significant (p=0.87). 

In order to evaluate the impact of recurvatum and type of surgery on the participants’ isokinetic 

test performance, we performed a multivariate analysis. We first calculated Spearman’s 

coefficient [95%CI] for the correlation between the H/Q ratio on the operated side and that on 

the healthy side (Table 2). For the study population as a whole, the coefficient was 0.44 [0.26, 

0.59], corresponding to a medium correlation. The correlation was larger in patients with 

recurvatum (0.55 [0.23, 0.76]) and smaller in patients without recurvatum (0.39 [0.17, 0.59]). 

For the regression model, a patient with an H/Q ratio on the operated side of 3.15 was 

considered to be an outlier and was excluded from the analysis (Table 3). The R² (derived by 10-

fold cross-validation) was 0.25. This value corresponds to low explanatory power: only 25% of 

the variance in the H/Q ratio on the operated side was accounted for by the model’s explanatory 

variables, and so the remaining 75% were presumably accounted for by variables not included 

in the model or by intrinsic variability. 

 

For a one-unit increment in the H/Q ratio on the healthy side, the H/Q ratio on the operated side 

increased by 0.34 units (p=0.00013). Neither the presence of recurvatum nor the type of surgery 

alone were related to the H/Q ratio on the operated side. However, the interaction between type 

of surgery and recurvatum was statistically significant (p=0.019): the H/Q ratio on the operated 

side was 0.37 units higher for patients with recurvatum having undergone BPTB surgery than 

for all the other patients. This finding was confirmed by the graph in Figure 3, showing the 
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difference in the mean H/Q ratio on the operated side as a function of the presence of 

recurvatum and the type of surgery. In patients with recurvatum, the mean H/Q ratio was 1.49 

for those having undergone BPTB surgery, and 1.04 for those having undergone HT surgery. In 

patients without recurvatum, the difference was much smaller: 1.23 for patients having 

undergone BPTB surgery, and 1.17 for patients having undergone HT surgery. 

 

 

 

4. DISCUSSION:  

 
Our main finding was that when considered alone, neither the presence of recurvatum nor the 

type of surgery was related to the H/Q ratio on the operated side. However, the interaction 

between the type of surgery and the presence of recurvatum was statistically significant 

(p=0.019); the H/Q ratio on the operated side was 0.37 units greater for patients with 

recurvatum having undergone BPTB surgery that for all the remaining patients. We therefore 

conclude that BPTB surgery should be preferred to HT surgery in patients with recurvatum. 

 

We found a higher proportion of males (85.7%, n=44) among patients with recurvatum than 

among patients without recurvatum (74.7%, n=56). However, this difference was not 

statistically significant (p=0.35). The H/Q ratio on the healthy side and the presence of 

recurvatum (on either the heathy side or the operated side) were not related. Despite the high 

prevalence of recurvatum among patients undergoing ACL surgery (around 30% in the MARS 

[12] and 27.2% in the present study), we did not find any literature data on the relationship 

between recurvatum status and the H/Q ratio. 

 

The majority of ACL fails occur during sport activities and especially during soccer (54.5%) and 

skiing (15.9%).  

This risk of injury among footballers has been highlighted in other studies and prevention 

strategies have been implemented, such as the FIFA 11+ program in France [19]. A previous 

study using the FIFA 11+ program  

has highlighted the value of a preventive bilateral rehabilitation program [19]. The sample 

consisted of 6,344 soccer players, comprising 3,307 (52%) in the intervention group (the FIFA 

11+ program) and 3,037 (48%) in a control group. The injury rate was 24% (n=779) in the FIFA 

11+ group and 40% (n=1,219) in the control group had injuries; hence, the incidence of injury 

was around a third lower in the FIFA 11+ group, with an estimated relative risk [95%CI] of 0.70 

[0.52–0.93] (p=0.01). 

 

Our study had a number of strengths. From a technical viewpoint, we used the same isokinetic 

dynamometer for all our patients, and all the measurements were performed by the same 

experienced investigator (who performs around 250 tests a year). This probably increased the 

reliability and accuracy of our results. Furthermore, our multisite patient recruitment might have 

reduced the heterogeneity of the study population and thus enhanced the clinical relevance of 

our results. 

 

Although our prespecified recruitment target of 100 patients was achieved, the sample size was 

still relatively small; this explains the width of the 95%CIs mentioned above (e.g. [18.6% ‒

35.8%] for the prevalence of recurvatum). 

 

As mentioned above, patients with recurvatum having undergone BPTB surgery had an H/Q 

ratio on the operated leg 0.37 units greater than the remaining patients did. However, the low R² 

value indicates that non-included factors had a marked influence, and so the model should not 
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be used to make predictions. These variables might correspond to other, as-yet unidentified risk 

factors for ACL failure. Hewett et al. recently listed known modifiable and non-modifiable risk 

factors for non-contact ACL rupture [20]; not all of these were included in our model. The non-

modifiable intrinsic factors are female sex [21–24], intercondylar notch depth (26), ACL 

volume, tibial slope, ligament hyperlaxity, lower limb morphology [25] (varus + internal hip 

rotation, valgus + external knee rotation, hindfoot valgus, and navicular collapse), a history of 

ACL injury, a genetic predisposition [26], collagen disease (Ehlers-Danlos syndrome, Marfan 

syndrome, etc.). The modifiable factors include both intrinsic variables (BMI, neuromuscular 

impairments, biomechanical impairments, hormonal status, and physical and cognitive fatigue) 

and extrinsic variables (soccer wear, the playing surface, weather conditions, the level of 

competition, and sports that involve pivoting). 

 

Our study suffered from selection bias because some patients with ACL rupture do not undergo 

isokinetic testing during their follow-up. One can hypothesize that the most active patients are 

more likely to attend a consultation and perform tests to optimize their recovery. 

 

Another source of selection bias might be related to our exclusion of patients with a history of 

surgery. Since hyperextension is a risk factor for graft rupture [12], we might have inadvertently 

excluded patients with recurvatum. The prevalence of recurvatum in the patient population 

might therefore been underestimated. 

 

 

CLINICAL RELEVANCE :  
Improvement on the muscle recovery after anterior cruciate ligament surgery in patients with a 

recurvatum 

 

 

CONCLUSION 

 
Neither the presence of recurvatum nor the type of surgery alone was related to the H/Q ratio on 

the operated side. However, the interaction between surgery and recurvatum was statistically 

significant. BPTB technique should be preferred to the HT technique in patients with 

recurvatum.  

Further research is needed to confirm or refute the present results. 
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Figure 1 : Background of patient injury 

 



 

 

 

 

 

 

 

 

  

Figure 2: H/Q ratio according to recurvatum status 



 

 

 

 

 
 
 
 
 
 
 
 
 
 
Figure 3. Mean H/Q ratio, as a function of recurvatum and type of surgery.  

 

NB: the analysis did not include a patient with an outlying H/Q ratio on the operated side (3.15). 

 

 



  
no recurvatum 

n = 75 (72.8) a 

Recurvatum 

n = 28 (27.2) a 

overall study population 

n = 103 (100) a 

p-value 

Left knee operated 
 

36 (48) a 12 (42.9) a 48 (46.6) a 0.81 

Left leg dominant 
 

35 (51.5) a 8 (29.6) a 43 (45.3) a 0.089 

BPTB surgery 
 

36 (48) a 8 (28.6) a 44 (42.7) a 0.12 

HT surgery  39 (52) a 20 (71.4) a 59 (57.3) a 0.12 

Male 
 

56 (74.7) a 24 (85.7) a 80 (77.7) a 0.35 

Female   19 (25.3) a 4 (14.3) a 24 (12.3) a 0.35 

Context of the injury  Simple trauma 7 (10.4) a 2 (9.5) a 9 (10.2) a / 

Soccer 37 (55.2) a 11 (52.4) a 48 (54.5) a 

Ski 11 (16.4) a 3 (14.3) a 14 (15.9) a 

Basket 3 (4.5) a 1 (4.8) a 4 (4.5) a 

Volley 1 (1.5) a 0 (0) a 1 (1.1) a 

Judo 4 (6) a 0 (0) a 4 (4.5) a 

Gym 1 (1.5) a 0 (0) a 1 (1.1) a 

Handball 0 (0) a 3 (14.3) a 3 (3.4) a 

Rugby 1 (1.5) a 1 (4.8) a 2 (2.3) a 

Polytrauma 1 (1.5) a 0 (0) a 1 (1.1) a 

Badminton 1 (1.5) a 0 (0) a 1 (1.1) a 

H/Q ratio on the healthy side  1 ± 0.3 b 

1 [0.9; 1.2] c 

1.1 ± 0.5 b 

1 [0.9; 1.2] c 

1.1 ± 0.41 b 

[0.9; 1.2] c 

0.8 

H/Q ratio on the operated side  1.2 ± 0.4 b 

1.2 [1; 1.5] c 

1.2 ± 0.4 b 

1.2 [1; 1.4] c 

1.2 ± 0.4 b 

1.2 [1; 1.5] c 

0.87 

Degree of hamstring weakness (%)  10.1 ± 18.4 b 

9 [1; 19] c 

14.4 ± 14.4 b 

13 [6.2; 25.5] c 

11.2 ± 17.4 b 

11 [1.5; 21] c 

0.27 

Degree of quadriceps weakness (%)  23.4 ± 15.1 b 

19 [12; 29.8] c  

21.1 ± 10.2 b 

21.5 [13.5; 27.5] c 

22.8 ± 13.9 b 

19.5 [12; 29] c 

0.9 

Weight (kg)  72.9 ± 14.4 b 78.9 ± 14.3 b 74.6 ± 14.5 b 0.042 

Size (cm)  175.2 ± 8.7 b 175.1 ± 6.3 b 175.2 ± 8.1 b 0.96 

Age at which the injury occurred (years)  25.5 ± 10.6 b 27.3 ± 10.6 b  26 ± 10.6 b 0.4 

a: number of patients (%) 

b: mean ± SD 

c: median [interquartile range] 

 

Table 1. Characteristics of population according to the presence or absence of recurvatum  (n=103) 

 



 

Population n Spearman’s correlation 

coefficient 

95% confidence interval p value* 

Whole study population  102 0.44 [0.26; 0.59] < 0.0001 

Patients with recurvatum 28 0.55 [0.23; 0.76] 0.003 

Patients without recurvatum 74 0.39 [0.17; 0.59] 0.00056 

 

* for the null hypothesis 

NB: the analysis did not include a patient with an outlying H/Q ratio on the operated side (3.15). 

 

 

Table 2 . Spearman’s correlation coefficients (n=102) 

 



 

Variable Coefficient 95%CI p value* 

H/Q ratio on the healthy side 0.34 [0.17; 0.51] 0.00013 

Recurvatum -0.15 [-0.33; 0.023] 0.089 

BPTB surgery  0.066 [-0.082; 0.21] 0.38 

Interaction between BPTB surgery and recurvatum  0.37 [0.062; 0.67] 0.019  

* for the null hypothesis 

NB: the analysis did not include a patient with an outlying H/Q ratio on the operated side (3.15). 

 

 

Table 3. Results of the multivariate analysis of the H/Q ratio on the operated side (n=102) 

 




