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Background and Purpose

• Quadriceps tendon (QT) autograft is gaining popularity as ACL graft1,2 

• QT size varies and can be measured by magnetic resonance imaging/ultrasound3,4

• Harvesting of a QT autograft leads to a reduction in tendon size (area) 

• Quadriceps muscle weakness has implications for clinical outcomes5

Purpose:

Investigate the effect of graft harvest on structural/mechanical properties of the QT.   



Methods – Specimens

• 10 pairs of extensor mechanisms from fresh frozen cadavers  

• age 49.1 ± 14.7 years (9 male)

• stored at –20°C and thawed for 24 hours at room temperature 

• Each pair randomized into one of two groups:

• Intact QT group

• Donor QT group



Methods – 3 tissues tested from each knee pair

1. Intact QT 2. Donor QT 3. QT graft

Knee 1 Knee 2

dog-boning



Methods – Tissue preparation

• Graft harvest from donor QT: 

• Central partial thickness graft

• Graft size: 5 mm x 10 mm x 70 mm 

➢ graft represented a different % of each 

donor QT’s area

• Laser scanner measured cross-sectional area 

(CSA) at mid-substance

Figure 1: (A) Donor QT with graft, (B) Laser 

scanner model with CSA measurement 



Methods – Tensile testing

• QTs: patella potted in resin blocks; proximal freeze clamp 

• graft: proximal & distal freeze clamps

• Loading:

• cycled 20 times (20-50 N)

• preloaded with 10 N

• loaded to failure in axial testing machine (10 
mm/min)

• elongation measured with optical markers, using a digital 

image correlation system (Correlated Solutions, Inc.) Figure 2: Donor tendon in 

testing machine. 



Results

➢ Ultimate load & ultimate stress 

in donor QT ↓

➢ Elongation/Load in donor QT ↑

➢ No difference in ultimate strain 

(note: occur at different loads)

➢ No difference in elastic 

modulus

Property
Intact QT

(n = 10)

Donor QT

(n=10)

P 

value

Cross-sectional area, mm2
213±49 151±33 <0.01*

Ultimate Load, N 5210±999 2553±701 <0.01*

Ultimate Stress, MPa 25.9±8.7 17.1±4.6 <0.01*

Elongation/Load, %/N 0.004±0.002 0.006±0.003 <0.01*

Ultimate Strain 0.21±0.15 0.15±0.05 0.15

Elastic Modulus, MPa 182.3±78.0 163.4±53.7 0.40

Table 1: Properties of intact and donor tendons (mean±SD) 



Results

• CSA of tendon pairs similar (p = 0.35)

• Graft harvest reduced QTs’ CSA by 32%

• Ultimate load of donor QTs was 50% lower

• Donor QTs elongated 36% more per N

→ For each 1% reduction of a donor QT’s CSA due to graft harvest

→ ultimate load reduced by 1.6% 

→ ultimate stress reduced by 1.1%

→ elongation/load increased by 1.1%



Discussion and Limitations

• Properties of QT and QT grafts align with previous data6,7

• Increased elongation in donor QT could require greater muscle contraction 

to apply a given load to the tendon

➢ may contribute to prolonged quadriceps weakness after ACLR

• Limitations:

• assumption of paired tendons having similar biomechanical 
properties 

• measured properties apply to time zero only



Conclusion

→ The ultimate load and ultimate stress of donor QTs were significantly 

reduced when compared to the intact contralateral QT 

→ Typical 32% reduction of a donor QT’s CSA due to graft harvest resulted in

• an ultimate load decrease of 53%

• an elongation per unit force (N) increase of 29%

→ Tendon elongation can be expected to increase approximately the same % 

as the CSA is reduced by graft harvest
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