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ABSTRACT 20 

 21 

Purpose: To report outcomes following proximal hamstring reconstruction employing an 22 

ipsilateral distal hamstring tendon autograft, in patients with chronic proximal ruptures.  23 

Methods: Six patients presenting with a chronic proximal hamstring avulsion and a medial 24 

time from injury of 11.0 months (range 7-18), confirmed via magnetic resonance imaging, 25 

underwent proximal hamstring repair using a free graft harvested from the ipsilateral distal 26 

hamstrings. Patients were evaluated at 6, 12 and 24 months post-surgery, via the Perth 27 

Hamstring Assessment Tool, the Short Form Health Survey, the Lower Extremity Functional 28 

Scale, a Patient Satisfaction Questionnaire, the Active Knee Extension and 6 minute walk 29 

tests, the single and triple hop tests for distance, and isokinetic knee extensor and flexor 30 

strength. Knee strength was assessed at 180° and 240°/s (total work, peak and average 31 

torque), and both mean absolute scores and limb symmetry indices (LSIs) comparing the 32 

operated and non-operated limbs were presented. 33 

Results: Patients demonstrated good clinical improvement throughout the post-operative 34 

timeline in all subjective and objective outcomes. Mean knee extensor LSIs had recovered by 35 

12 and 24 months. At 24 months post-surgery, while mean LSIs for knee flexor peak and 36 

average torque were at (or above) 90%, a significant difference still existed between the 37 

operated and non-operated limbs in knee flexor total work. At 24 months, 5 patients (83%) 38 

were satisfied with the results of the surgery, as well as their ability to return to recreational 39 

and sporting activities. There were two adverse events including an early deep vein 40 

thrombosis and a secondary surgery to remove a loosened staple. 41 

Conclusions: While isokinetic hamstring strength had not fully recovered by 24 months, this 42 

surgical technique demonstrated a high level of patient satisfaction and return to function, in 43 

patients with chronic proximal hamstring ruptures. As the clinical relevance, this surgical 44 
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technique provides a viable option with good post-operative outcomes for patients with 45 

chronic proximal hamstring tears that cannot be approximated back to the ischium. 46 

Level of Evidence: Level IV. 47 

Keywords: proximal hamstring avulsion, chronic, clinical outcomes, strength, function, 48 

patient satisfaction.  49 
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INTRODUCTION 50 

 51 

Hamstring injuries are common in athletic populations [11], as well as the general population 52 

[14], with 12% represented by a rupture or avulsion of the proximal attachment at the ischial 53 

tuberosity [13]. These traumatic avulsion injuries can occur via passive lengthening though 54 

more often via forceful eccentric muscle contraction, in a position of rapid hip flexion 55 

combined with knee extension [3, 5]. A complete proximal hamstring rupture has been 56 

defined as the tearing of all three hamstring tendons (semimembranosus, semitendinosus and 57 

biceps femoris) with or without retraction [7, 29]. 58 

 59 

While systematic reviews have demonstrated that surgical repair of proximal hamstring 60 

ruptures improves clinical outcomes, particularly in the acute repair setting [5, 12], outcomes 61 

after repair for chronic ruptures have been less favourable. Unfortunately, despite 62 

improvements in diagnosis and surgical management, delayed diagnosis remains an issue 63 

particularly in the recreational athlete and non athletic population. While Harris et al. [12] 64 

defined acute repair as <4 weeks from time of injury and chronic >4 weeks, Subbu et al. [27] 65 

defined early intervention as <6 weeks, delayed as 6 weeks to 6 months, and late (or chronic) 66 

as >6 months. Surgical repair in these chronic cases is made more difficult due to the 67 

development of scar tissue, creating increased difficulty of a neurolysis of the sciatic nerve 68 

and mobilization of the retracted tendons [18]. As reported by Harris et al. [12] often chronic 69 

surgical cases reported in the literature explore non-surgical management initially, only to 70 

progress toward eventual surgery secondary to chronic pain, reduced strength, and limited 71 

sports performance.  72 

 73 

Several studies have reported surgical outcomes in the repair of chronic proximal hamstring 74 
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ruptures [9, 15, 16, 19, 20, 24, 25], utilising a number of autograft and allograft methods to 75 

either augment the repair, or bridge the defect left by the chronically torn tendons, such as 76 

Achilles tendon allograft [9, 16, 20, 24], fascia lata autograft [15, 25] and contralateral 77 

semitendinosus and gracilis autografts [19]. The current study reports the surgical technique 78 

and post-operative outcomes to 24 months in a consecutive series of patients that underwent a 79 

surgical reconstruction method employing an ipsilateral distal hamstring tendon autograft, for 80 

chronic and retracted proximal hamstring ruptures. As the clinical relevance, this study 81 

presents a novel surgical technique that may provide a viable option with good post-operative 82 

outcomes for patients with chronic proximal hamstring tears that cannot be approximated 83 

back to the ischium. It does not compromise another area of the body resulting from autograft 84 

harvest from another limb, and avoids inherent issues that may present when using allografts, 85 

as employed in the majority of other published surgical techniques on the topic.  86 
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MATERIALS AND METHODS 87 

 88 

Between February and September 2015, 6 patients (2 males; 4 females) presented to the 89 

senior author (PA) with a chronic proximal hamstring avulsion and significant reported 90 

functional impairment. The diagnosis was confirmed in all patients with pre-operative 91 

Magnetic Resonance Imaging (MRI). Patients had a mean age of 47.5 years (range 30-61) 92 

and body mass index (BMI) of 25.9 (range 21.3-28.9), and presented with a mean time from 93 

injury to eventual surgical reconstruction of 11.2 months (range 7-18). The affected limb was 94 

the dominant limb in three patients. The mechanism of injury was during sport or recreational 95 

activity in four patients (surfing, running, roller skating and soccer), while two patients had 96 

accidents at home (one patient slipped on a wet floor, while one patient was forced to evade a 97 

car near his home). When described by each patient, the mechanism of rupture in all incidents 98 

was reflective of a forced and sudden hip flexion combined with knee extension. One patient 99 

had undergone prior proximal hamstring repair previously and had a suffered a re-tear 100 

following an early trauma. Ethics approval was provided by the relevant hospital and 101 

university human research ethics committees, while the consent of all participants was 102 

obtained prior to clinical review.  103 

 104 

Operative Technique 105 

The senior author (PA) performed surgery in all patients under general anaesthesia with the 106 

patient in the prone position. The leg was prepared in a sterile fashion, allowing free motion 107 

of the foot and the knee resting in 30° of flexion. A 15cm vertical skin incision was made 108 

from the ischial tuberosity down the posterior thigh. The posterior cutaneous nerve was 109 

identified and protected. The inferior border of gluteus maximus was identified, and 110 

mobilized from medial to lateral, carefully exposing the sub-gluteal plane. The sciatic nerve 111 
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was identified and a sciatic neurolysis performed, taking care to preserve muscular branches 112 

innervating the hamstrings. The retracted proximal hamstring tendon mass was dissected and 113 

mobilized and, given the proximal tendon could not be opposed to the ischial tuberosity with 114 

the knee flexed to 30°, a free graft reconstruction was indicated.  115 

 116 

Distal ipsilateral hamstring graft harvest was performed with the knee in 90° of flexion. An 117 

incision was made over the pes anserine tendons, and gracilis and semitendinosus were 118 

harvested (Figure 1) in the sub sartorial fascial plane using a tendon stripper (ConMed, 119 

Linvatec). Non-absorbable mattress sutures were placed in the proximal tendon stump to 120 

prevent graft pullout. The free hamstring tendons were passed through the proximal tendon 121 

mass, with gracilis running in a ventral to dorsal direction, and semitendinosus running from 122 

a medial to lateral direction just distal to this, creating a 90-90 configuration (Figure 2). The 123 

proximal ends of semitendinosus and gracilis were whip-stitched to themselves. Multiple 124 

interrupted absorbable sutures were then used to oppose the individual graft bundles, creating 125 

a quadruple hamstring neo-tendon (Figure 3).  126 

 127 

The lateral ischial wall was exposed, and freshened to bleeding bone. Two double loaded 128 

Spartan suture anchors (Smith and Nephew) were placed 1cm apart on the lateral ischial foot 129 

print. The graft was tensioned at 30° of knee flexion, and secured with Krakow sutures, using 130 

a sliding knot to ensure appropriate tension. Two Speed Anchors (Smith and Nephew) were 131 

placed on the posterior ischium, just medial to the repaired tendon mass, and a double row 132 

repair was performed (Figure 4). Any remaining tails of the graft were then turned back and 133 

sutured onto the neo-tendon. The wounds were closed with absorbable sutures.  134 

 135 
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Post-operatively, patients were kept in a knee brace locked at 30° for two weeks, with touch 136 

weight bearing using crutches for the first six weeks. At six weeks, unrestricted weight 137 

bearing was permitted and patients commenced swimming and cycling at low resistance. 138 

From three months, closed kinetic chain and strengthening exercises were introduced.  139 

 140 

Clinical Outcome Measures 141 

A number of subjective and objective outcomes were collected at 6, 12 and 24 months post-142 

surgery. Firstly patients completed the following patient-reported outcome measures 143 

(PROMs): 1) the Perth Hamstring Assessment Tool (PHAT) [4], 2) the 12-item Short Form 144 

Health Survey (SF-12) to evaluate the general health of the patient producing a mental 145 

(MCS) and physical (PCS) component subscale, 3) the Lower Extremity Functional Scale 146 

(LEFS) [1, 17], and 4) a Patient Satisfaction Questionnaire (PSQ). The PSQ was employed to 147 

evaluate the patient’s level of satisfaction with their surgery overall, as well as their 148 

satisfaction with surgery to relieve their pain, improve their ability to perform normal daily 149 

and work activities, improve their ability to return to recreational activities (e.g. walking, 150 

dancing, golf) and improve their ability to participate in sporting activities (e.g. running, 151 

tennis, surfing, soccer). A categorical tool was employed: 1 = very satisfied; 2 = somewhat 152 

satisfied; 3 = somewhat dissatisfied; 4 = very dissatisfied. 153 

 154 

Patients also underwent a series of functional tests on both limbs in the following order, 155 

undertaken by a single experienced physical therapist: 1) the Active Knee Extension (AKE) 156 

test [10], 2) the 6 minute walk test (6MWT) [8], 3) the single and triple hop tests for distance 157 

[21, 23], and 4) peak isokinetic knee extensor and flexor strength assessment using an 158 

isokinetic dynamometer (Isosport International, Gepps Cross, South Australia) undertaken at 159 

two different speeds (180° and 240°/s), as per previously reported methods evaluating 160 
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patients after surgical repair for proximal hamstring avulsions [2]. Each of the two single 161 

legged hop tests required a controlled landing on the test leg on the final hop (measured to the 162 

nearest 0.01m), and were initiated on the unaffected limb, and then alternated between the 163 

unaffected and operated limbs until the required number of valid test trials was obtained (3-4 164 

valid hops per hop test). Peak concentric knee extension and flexion strength was measured 165 

through a range of 0-90˚ of knee flexion, at an isokinetic angular velocity of initially 180°/s, 166 

followed by 240°/s. Patients were informed that each trial would consist of 6 repetitions on 167 

the same leg: one low intensity repetition of knee extension and flexion, immediately 168 

followed by five repetitive maximal test efforts, for which the peak torque, average torque 169 

and total work were evaluated. Standardized verbal encouragement was provided across all 170 

trials. Each test was initiated on the unaffected leg, and then alternated between the 171 

unaffected and operated limb until two valid trials on each limb were completed, at each of 172 

the two nominated isokinetic speeds. To minimize any fatigue in hop and strength 173 

assessments, patients were given as much time as they wanted between trials; this time was 174 

not standardized and was based on the individual patient’s readiness to proceed.  175 

 176 

Ethics approval for this study was provided by the Hollywood Private Hospital (HPH432) 177 

and University of Western Australia (RA/4/1/8829) Human Research Ethics Committees.  178 
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Data and Statistical Analysis 179 

Means (SD and range) were calculated for all measures. The AKE was presented as the 180 

difference (in degrees) between the operated and non-operated limbs, while Limb Symmetry 181 

Indices (LSIs) were calculated for the hop tests and strength measures, which provide a 182 

measure of strength/function of the operated limb as a percentage of the non-operated limb. 183 

T-tests were employed to compare the operated and non-operated limbs in the isokinetic 184 

strength measures at 6, 12 and 24 months post-surgery. Statistical analysis was performed 185 

using SPSS software (SPSS, Version 17.0, SPSS Inc., USA), while statistical significance 186 

was determined at p<0.05. A priori power calculation using G-Power (Dusseldorf, Germany) 187 

based on side-to-side differences in peak knee flexor torque at 24 months post-surgery, 188 

indicated that 12 patients were required to reveal differences at the 5% significance level, 189 

with 80% power and employing a large effect size (0.8). However, only 6 patients have 190 

presented and this study presents the outcomes in this full case series (n=6).  191 
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RESULTS 192 

 193 

Patients generally showed good clinical improvement throughout the post-operative timeline 194 

in all PROMs (Table 1), apart from one patient (ID 5) that remained symptomatic at 24 195 

months. This patient had previously undergone a proximal hamstring repair that had failed 196 

following an early trauma, then proceeding to the reported technique. All patients 197 

demonstrated improvement throughout the post-operative timeline in the 6MWT, AKE (apart 198 

from ID 5), single hop and triple hop test for distance (Table 2). Table 3 shows the mean 199 

(SD) strength scores for the knee extensors and flexors at 6, 12 and 24 months post-surgery, 200 

for the two isokinetic testing conditions (180° and 240°/s). Mean knee extensor LSIs (for 201 

total work, and peak and average torque) had largely recovered by 12 and 24 months post-202 

surgery (Table 3). At 24 months post-surgery, while mean LSIs for knee flexor peak and 203 

average torque were at (or above) 90%, a significant difference still existed between the 204 

operated and non-operated limbs in knee flexor total work at 180°/s (p=0.039) and 240°/s 205 

(p<0.0001), with mean LSIs <90% in this measure. 206 

 207 

At 24 months post-surgery, 5 of 6 patients (83%) were satisfied with the results of the surgery 208 

to alleviate pain, improve their ability to undertake daily and work activities, improve their 209 

ability to return to recreational activities and participate in sporting activities. Overall, 5 210 

patients (83%) were satisfied with their surgical outcome.  211 

 212 

Two adverse events were encountered during this prospective clinical follow-up. One patient 213 

developed an early deep vein thrombosis (DVT) that was treated accordingly and recovered 214 

without sequelae. The second patient underwent a secondary operation at 14 months post-215 
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surgery to remove an irritable staple that had loosened, which was present from her prior 216 

proximal hamstring repair that had subsequently re-torn following an early trauma.  217 
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DISCUSSION 218 

 219 

The most important finding from the current study was that surgical reconstruction of 220 

chronic proximal hamstring tears employing an ipsilateral distal hamstring tendon autograft 221 

yielded good post-operative clinical outcomes and patient satisfaction. While surgical repair 222 

for proximal hamstring ruptures in the acute setting has demonstrated good patient outcomes 223 

[5, 12], reconstruction for chronic ruptures has been less favourable. In the chronic setting, 224 

particularly for patients complaining of significant functional impairment and large tendon 225 

defects, late-stage proximal hamstring reconstruction using a free graft harvested from the 226 

ipsilateral distal hamstrings demonstrated encouraging clinical outcomes out to 24 months. 227 

 228 

Albeit a small case series and underpowered to show statistical improvement, the subjective 229 

PHAT and SF-12 outcomes at 24 months post-surgery in the current series were similar to 230 

that reported previously for acute and chronic proximal hamstring repair [3]. Specifically in 231 

the evaluation of surgical reconstruction in the chronic setting using free grafts, Folsom et al. 232 

[9] reported outcomes in five patients that underwent Achilles allograft reconstruction, and 233 

reported encouraging outcomes at final follow up (mean 20 months), albeit without reporting 234 

via any validated PROMs. Marx et al. [16] also reported encouraging clinical outcomes in 235 

two patients at two years post-surgery, undergoing Achilles allograft reconstruction, as did 236 

Murray and Lowe [20] in a single case study that underwent Achilles allograft reconstruction 237 

for a chronic complete proximal hamstrings rupture. Rust et al. [24] reported on a larger 238 

cohort of 21 chronic ruptures, of which 14 patients underwent Achilles allograft 239 

reconstruction. While they demonstrated that acute repair was superior to chronic repair (or 240 

reconstruction), chronic patients still reported favorable results at a mean follow up of 45 241 

months post-surgery. 242 
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 243 

When employing autografts for chronic hamstring reconstruction, Orava and Kujala [22] 244 

employed plantaris tendon and fascia lata grafts in two patients to strengthen the proximal 245 

repair, while Thomsen and Jensen [28] also employed a fascia lata graft in a single case 246 

report to strengthen the origins of semitendinosus and biceps femoris. In another single case 247 

report, Lempainen et al. [15] used a free fascia lata graft to reconnect the proximal origin of 248 

the hamstrings with the ischial tuberosity, without providing any information on patient 249 

outcome. However, this group later reported on a series of proximal hamstring repair 250 

patients, of which one case underwent reconstruction using an autologous free graft from the 251 

ipsilateral distal iliotibial tract to bridge the defect where apposition was not possible, with a 252 

further three patients undergoing revision surgery with this surgical method given that scar 253 

tissue and adhesions did not make reattachment possible [25]. In that study, the specific 254 

patient outcomes of that small cohort were not provided. Finally, a single case report 255 

employed an autograft consisting of contralateral semitendinosus and gracilis to bridge a 256 

chronically retracted defect, though no specific patient outcomes were again reported [19]. 257 

 258 

As outlined above, a number of surgical techniques utilising a range of autograft and allograft 259 

methods have been reported [9, 15, 16, 19, 20, 22, 24, 25, 28], generally with very small 260 

patient numbers (often 1-2 patients) and often without any detail on clinical outcomes. 261 

Allografts do present with some potential inherent issues, such as infection and disease 262 

transmission, lack of incorporation, cost and the lack of availability in some cases [19]. In the 263 

current study, we sought to investigate the use of an ipsilateral semitendinosus and gracilis 264 

free graft, given its ease in harvest and no requirement to invade the contralateral healthy 265 

limb. To the best of our knowledge, the current technique has not been previously reported. 266 

 267 
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In the current case series, it was encouraging that patients also demonstrated a sound level of 268 

physical function, and were generally satisfied with their post-operative outcome. In 269 

particular, single limb hop capacity on the operated limb was within 90% of the non-operated 270 

limb in five (of six) patients at 24 months posts-surgery. Furthermore, the mean LSIs for the 271 

knee extensors (total work, and peak and average torque) were above 90% by 24 months and, 272 

apart from total work of the knee flexors at 24 months, the mean LSI for both peak and 273 

average torque of the knee flexors were also above 90%. In those studies that have evaluated 274 

hamstring strength after both acute and chronic hamstring repair (or reconstruction), some 275 

level of deficiency in hamstring strength and/or endurance is commonly reported [2, 6, 9, 16, 276 

26]. 277 

 278 

As the clinical relevance, surgical reconstruction of chronic proximal hamstring tears 279 

employing an ipsilateral distal hamstring tendon autograft provides a viable option with 280 

satisfactory post-operative outcomes in patients with chronic proximal hamstring tears that 281 

cannot be approximated back to the ischium. Furthermore, it does not compromise another 282 

area of the body resulting from autograft harvest from another limb, and avoids the inherent 283 

issues that may present when using allografts to bridge larger tendon defects.   284 
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CONCLUSION 285 

 286 

Delayed diagnosis of proximal hamstring avulsions remains an issue, and repair (or 287 

reconstruction) in the chronic setting in patients with significant functional impairment and 288 

large tendon defects remains a challenge. While isokinetic hamstring strength had not fully 289 

recovered by 24 months, late-stage proximal hamstring reconstruction using a free graft 290 

harvested from the ipsilateral distal hamstrings demonstrated encouraging clinical outcomes 291 

out to 24 months, with good patient satisfaction.  292 
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FIGURE LEGENDS 375 

 376 

Figure 1. The gracilis (A) and semi-tendinosus (B) hamstrings were harvested from the 377 

ipsilateral limb, with the patient prone and the knee positioned in 90° of flexion. 378 

 379 

Figure 2. The harvested free tendons (A) were passed through the avulsed hamstring stump 380 

(B) and anchored to the hamstring stump with non absorbable suture. The tendon ends were 381 

then whip stitched (C). 382 

 383 

Figure 3. Using sutures attached to bone anchors, 4 sets of sliding sutures (A) were 384 

positioned  to anchor the free graft onto the lateral ischial wall (B). 385 

 386 

Figure 4. The free graft was reduced onto the lateral ischial wall and sutures locked (A). The 387 

avulsed tendon mass (B) was then attached to the ischium by the free graft.  388 
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Table 1. Individual scores, together with mean (SD) scores, at 6, 12 and 24 months post-surgery for the Perth Hamstring Assessment Tool 389 

(PHAT), Physical (PCS) and Mental (MCS) Component Subscales of the 12-item Short-Form Health Survey (SF-12), and the Lower Extremity 390 

Functional Scale (LEFS). 391 

ID 
PHAT (0-100) SF-12 PCS SF-12 MCS LEFS (0-80) 

6 months 12 months 24 months 6 months 12 months 24 months 6 months 12 months 24 months 6 months 12 months 24 months 

1 70 82 93 46.3 52.1 55.9 40.9 56.8 55.9 63 74 76 

2 83 83 88 55.6 55.6 55.9 50.9 50.9 55.9 75 76 80 

3 63 70 75 32.5 31.8 40.9 62.9 61.8 61.8 62 64 70 

4 87 90 90 46.0 42.7 46.0 36.5 57.5 57.5 46 62 73 

5 51 36 49 56.0 58.3 39.0 49.8 43.2 42.0 66 62 66 

6 27 41 67 35.2 35.2 39.0 41.0 41.0 42.0 25 40 68 

Mean (SD) 63.5 (22.2) 67.0 (23.0) 77.0 (16.9) 45.3 (9.9) 46.0 (11.0) 46.1 (8.0) 47.0 (9.6) 51.9 (8.4) 52.5 (8.4) 56.2 (17.9) 63.0 (12.8) 72.2 (5.2) 

Range 27-87 36-90 49-93 32.5-56.0 31.8-58.3 39.0-55.9 36.5-62.9 41.0-61.8 42.0-62.8 25-75 40-76 66-80 

  392 
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Table 2. Individual scores, together with mean (SD) scores, at 6, 12 and 24 months post-surgery for the 6 minute walk test (6MWT), side to side 393 

differences in the Active Knee Extension (AKE) test, and Limb Symmetry Indices (LSIs) for the single and triple hop tests for distance.  394 

ID 
6MWT (m) AKE (side to side difference, deg) Single Hop for Distance (LSI) Triple Hop for Distance (LSI) 

6 months 12 months 24 months 6 months 12 months 24 months 6 months 12 months 24 months 6 months 12 months 24 months 

1 663 640 650 10 5 5 96.3% 101.3% 99.4% 93.5% 98.5% 98.5% 

2 715 720 750 0 0 0 90.9% 96.6% 96.6% 89.0% 92.9% 100.0% 

3 547 597 620 6 0 0 80.8% 94.4% 96.6% 76.5% 93.4% 94.9% 

4 535 535 560 3 3 2 70.2% 70.2% 82.4% 74.4% 74.4% 88.0% 

5 595 600 630 15 8 10 101.5% 95.5% 106.5% 93.1% 97.6% 101.2% 

6 377 440 500 15 8 5 66.2% 86.2% 85.7% 65.6% 86.3% 93.8% 

Mean (SD) 572.0 (117.7) 588.7 (94.9) 618.3 (84.7) 8.2 (6.2) 4.0 (3.6) 3.7 (3.8) 84.3 (14.3) 90.7 (11.2) 94.5 (8.9) 82.0 (11.5) 90.5 (9.0) 96.1 (4.9) 

Range 377-715 440-720 500-750 0-15 0-8 0-10 66.2-101.5 70.2-101.3 82.4-106.5 65.6-93.5 74.4-98.5 88.0-101.2 
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Table 3. Mean (SD) scores for total work (J), peak torque (Nm) and average torque (Nm) of the knee extensors and flexors, during the 180°/sec 396 

and 240°/sec testing conditions, on both the operated and non-operated limbs at 6, 12 and 24 months post-surgery. Mean Limb Symmetry 397 

Indices (LSIs) are shown for each of the aforementioned test variables, while p values represent the statistical comparison of the absolute scores 398 

between the operated and non-operated limbs. 399 

Time Variable 

180°/sec 240°/sec 

Operated Non-operated LSI p value Operated Non-operated LSI p value 

6 months 

Total Work - Knee Extensors (J) 524.7 (268.8) 648.8 (306.9) 80.3% n.s. 457.5 (228.2) 580.6 (258.1) 77.7% 0.044 

Peak Torque - Knee Extensors (Nm) 111.7 (48.6) 121.0 (54.3) 94.3% n.s. 96.8 (35.4) 107.3 (46.1) 94.6% n.s. 

Average Torque - Knee Extensors (Nm) 101.9 (49.1) 114.4 (50.9) 89.8% n.s. 83.5 (34.1) 97.7 (38.6) 87.7% n.s. 

Total Work - Knee Flexors (J) 298.5 (155.4) 480.2 (165.3) 58.5% 0.001 291.8 (141.7) 447.0 (168.8) 62.6% 0.001 

Peak Torque - Knee Flexors (Nm) 59.3 (28.8) 87.0 (28.0) 65.4% 0.003 54.0 (24.7) 79.7 (29.3) 65.8% 0.002 

Average Torque - Knee Flexors (Nm) 52.2 (28.4) 83.3 (29.4) 58.5% <0.0001 48.3 (23.5) 73.5 (25.6) 62.9% <0.0001 

12 months 

Total Work - Knee Extensors (J) 594.7 (264.5) 647.8 (289.6) 91.5% 0.020 525.0 (244.6) 536.2 (205.0) 95.5% n.s. 

Peak Torque - Knee Extensors (Nm) 122.7 (41.9) 126.3 (43.8) 97.6% n.s. 106.0 (43.5) 102.0 (33.9) 102.8% n.s. 

Average Torque - Knee Extensors (Nm) 112.7 (38.2) 116.5 (38.8) 96.7% n.s. 94.6 (41.5) 93.5 (27.3) 98.6% n.s. 

Total Work - Knee Flexors (J) 319.2 (134.4) 440.3 (150.6) 71.2% 0.002 327.0 (144.2) 403.2 (152.1) 80.0% 0.017 

Peak Torque - Knee Flexors (Nm) 68.8 (22.2) 85.0 (22.7) 80.3% 0.003 69.2 (29.8) 75.3 (24.6) 90.0% n.s. 

Average Torque - Knee Flexors (Nm) 62.4 (25.2) 82.3 (23.7) 73.7% <0.0001 57.8 (24.2) 66.8 (21.6) 84.9% n.s. 

24 months 

Total Work - Knee Extensors (J) 635.8 (273.2) 670.1 (299.5) 93.6% n.s. 576.5 (266.6) 552.8 (256.1) 105.3% n.s. 

Peak Torque - Knee Extensors (Nm) 125.0 (42.6) 132.0 (43.4) 95.0% n.s. 113.5 (45.4) 111.0 (44.9) 102.6% n.s. 

Average Torque - Knee Extensors (Nm) 108.7 (42.7) 113.2 (44.7) 95.9% n.s. 97.2 (46.1) 95.0 (40.4) 101.7% n.s. 

Total Work - Knee Flexors (J) 377.8 (161.4) 442.5 (192.0) 87.0% 0.039 385.0 (185.0) 435.3 (187.6) 86.7% <0.0001 

Peak Torque - Knee Flexors (Nm) 79.6 (22.0) 85.8 (29.9) 90.1% n.s. 75.3 (24.8) 83.7 (35.0) 93.8% n.s. 

Average Torque - Knee Flexors (Nm) 73.9 (25.6) 79.4 (27.7) 90.0% n.s. 66.8 (26.7) 70.9 (31.1) 92.7% n.s. 
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