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ABSTRACT

Graft choice significantly influences outcomes after anterior cruciate ligament reconstruction (ACLR).
The anterior half of the peroneus longus tendon (PL) has been proposed as an alternative autograft that
may maintain hamstring-quadriceps balance while providing adequate strength and graft size. This
narrative review evaluates biomechanical studies, randomized trials, cohort studies, and systematic
reviews comparing PL with hamstring tendon (HT), quadriceps tendon (QT), and bone-patellar tendon-
bone (BPTB) grafts. Evidence shows PL offers sufficient tensile strength and consistent diameter (=8 mm)
with knee stability and functional results comparable to HT. It also provides advantages in harvest time
and lower donor-site morbidity while preserving muscle balance, with minimal impact on ankle function.
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ABCTPAKT

Bri0op TpaHCIIIaHTaTa 3HAYMTENIHHO BIHMSET HA PE3yJIbTaThl 1OCIEe PEKOHCTPYKLUH MepelHel KpecTooO0pa3Hoil CBA3KU
(ACLR). Ilepenmusist monoBMHA CYXOXWIWSI JJIMHHON ManoOepuoBoil mbimmsl (PL) Oputa mpeanokeHa B KayecTBe
IBTEPHATHBHOTO ayTOTPAHCIUIAHTATA, KOTOPBI MOXKET IOAEPKUBATEH OaaHC MEX/y HOAKOJIECHHBIMU CYXOKHIMSMU U
YeTHIPEXTIIaBON MBIIIIEH, 0OecTieunBasi MpH 3TOM JOCTATOYHYIO IPOYHOCTh M pa3Mep TpaHCIUIaHTaTa. B aTom 0630pHOM
WCCIICZIOBAaHUH OILICHMBAIOTCA OWOMEXaHWYECKHE WCCICHOBAHUS, pPAaHIOMHU3HPOBAHHBIC HWCIBITAHHUS, KOTOPTHBIC
WCCIICZIOBaHUS ¥ CHCTEMaTHdeckue 0030pbI, B KOTOPHIX CPaBHUBAIOTCH TpaHCIDaHTaTel PL ¢ TpaHcmmantaTtamu
cyxoxunusi nogkoneHHoro Meimmbel (HT), cyxoxmmmus getsipexriaBoit Meimmbl (QT) M KOCTH-HAaIKOIEHHUKA-KOCTH
(BPTB). [Jannbic moka3biBaioT, uTo PL oOecrieunBaeT 10CTaTOYHYIO IPOYHOCTH HA PAa3pPhIB M MOCTOSHHBIN auameTp (>8
MM) C CTaOWIIBHOCTBIO KOJIeHa M (DYHKUIMOHAJIBHBIMU pe3yibTraTamu, comnoctaBumbiMu ¢ HT. OH Takke umeer
NperMyIIecTBa B TUIaHEe BpeMeHHu 3a0opa u Oojiee HU3KOI 3a00J1eBaeMOCTH B MECTE JIOHOPCTBA, COXPAHsIsl MBIIICUHBIH
0aJyaHC M OKa3bIBasi MUHMMAIILHOE BIIMSIHUE Ha (DYHKIIUIO TOJIEHOCTOITHOTO CyCTaBa.

KarwueBbie ciioBa: PCKOHCTPYKIUA nepe}lHeﬁ erCTOO6pa3HOI>i CBA3KH, ayTOTpaHCIUIAHTAT JUTHHHOM Man06epu030ﬁ
MBIHIIIBI; AYTOTPAHCIIAHTAT IIOJIKOJICHHOI MBIIIBI; ayTOTPpAHCIIJIAHTAT ‘leTLIpeXFHaBOﬁ MBIIIIIBI; 3a00J1€BAEMOCTE B
MECTE IOHOPCTBA
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INTRODUCTION

Anterior cruciate ligament (ACL) rupture is
a common knee injury that often requires
surgical reconstruction to restore knee
stability and allow return to sport. Worldwide,
more than 200 000 ACL reconstructions are
performed annually.! Success of
reconstruction depends on graft choice,
fixation and rehabilitation. The bone-patellar
tendon-bone (BPTB) autograft was long
regarded as the reference standard because of
bone-to-bone healing and good early
stability; however, donor-site morbidity
(anterior knee pain, kneeling pain, loss of
motion and risk of patellar fracture) has
prompted interest in alternatives.” Hamstring
tendon (HT) autografts preserve extensor
mechanism function but risk saphenous nerve
injury, small graft diameter and hamstring
weakness.”  Quadriceps  tendon  (QT)
autografts have gained popularity because
they offer a large cross-sectional area and
reliable size but may produce greater
postoperative quadriceps weakness than HT
or BPTB.* Recently, harvesting the anterior
half of the peroneus longus tendon (PL) has
emerged as another option. PL harvesting
preserves hamstring-quadriceps balance and
avoids anterior knee pain, but questions

remain regarding its biomechanical adequacy,
effect on ankle function and donor morbidity.’

This narrative review compares anterior
half PL autografts with HT, QT and BPTB grafts
regarding graft properties, biomechanical
consequences for  hamstring-quadriceps
balance, clinical outcomes, donor-site
morbidity, rehabilitation and harvest
technique. Evidence from prospective and
retrospective clinical studies, cadaveric
biomechanics research and systematic
reviews was extracted from the literature.
Vancouver-style reference numbers appear in
square brackets and summaries of each
reference are provided at the end of the
manuscript.

MATERIAL AND METHODS
Graft properties
2. Native ACL and mechanical requirements
The native ACL has an average
cross-sectional area of ~38—43 mm?, ultimate
stress of 36 MPa, stiffness of 182 N mm™ and
tensile strength of around 2 160 N[6]. To
restore knee kinematics, autografts should
equal or exceed these values. Table1
summarises reported mechanical properties
of common autografts from cadaveric studies.

Cross-sectional ) Stiffness
Graft area (mm?) Tensile strength (N) (N-mm™?) Notes
_ 7
Bone-patellar tendon-bone ! sst?lldylrzggrt(eoél ¢ Bone plugs allow rigid fixation
- - 7 _27g7 ; ; on:
(BPTB) 48.4 4389 N fora 15 mm 210-278 and rapid graft 1.ncorporat10n,
6 donor-site pain common.
graft®)
. - Quadrupled HT has higher tensile
. Hzflmstrmg e 578 2 422N [ran%e 2388 strength than BPTB; diameter and
(semitendinosus # gracilis) 1139-4500)
length vary.
Cross-sectional area almost twice
Quadriceps tendon (QT) 91.210,1 2186 N!! 466'! that of BPTB; thicker graft may
increase arthrofibrosis risk.
PL graft is long and easily
. . harvested; anterior half harvest
Cadaveric anterior-half . .
PL: median 758 N yields diameters 28 mm. A
Peroneus longus tendon ~50-60 (range 600.7-1 131.3 N); 200-300 living-donor biomechanical study
(PL) (estimated) double PL:  (estimated) found the PL graft had

4268 + 285 N2

significantly greater tensile
strength than HT of similar
diameter.'?
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Peroneus longus vs hamstring mechanical
strength. A cadaveric study of 29 anterior-half
PL tendons measured maximum tensile forces
between 600.7 and 1 131.3 N (median 758 N)
with  cross-sectional diameters 28 mm.
Another living-donor biomechanical study
compared 26 PL grafts and 25 HT grafts: both
had similar diameters (~7.7 mm), but the PL
graft displaced less (2.06+0.14 mm vs
2.44 + 0.42 mm) and had significantly greater
tensile strength.!® Conversely, some literature
quotes extremely high failure loads for
doubled PL (x4 268N), but these values
derive from doubling the tendon and may
overestimate invivo strength.'? Collectively,
these data suggest that a single anterior-half
PL graft has a tensile strength comparable to
BPTB and above the native ACL but is lower
than quadrupled hamstring or full-thickness
QT constructs.

Hamstring tendon  properties. The
hamstring graft typically comprises the
semitendinosus and gracilis tendons,
quadrupled to increase diameter. Mean
cross-sectional area is ~57 mm? with a
maximum load to failure of around 2 422 N.3
Graft diameter correlates with patient height;
diameters <7 mm are associated with higher
rerupture rates.'* Six-strand hamstring
constructs have been developed to augment
small grafts. A controlled lab study comparing
six-strand HT to QT constructs found that both
had similar ultimate load to failure (no
significant difference), but the HT construct
was  significantly  stiffer (1148 vs
808 N mm™)."

Quadriceps tendon properties. Cadaveric
studies show that full-thickness QT has a
cross-sectional area of ~91 mm? and an
ultimate tensile strength of 2 186 N, higher
than BPTB; stiffness is about 466 N mm™*.!!
Another laboratory comparison found
6-strand HT and QT constructs had similar
ultimate load to failure (~2 000 N) with QT
being less stiff[16]. An 8-mm QT graft had a
higher ultimate load than a 10-mm PT graft
(1056+227 Nvs 816+ 193 N)'7, and a 6-mm
QT graft had comparable strength to a 10-mm
PT."”

Bone-patellar tendon-bone properties.
BPTB grafts include bone plugs and have a
cross-sectional area (~48 mm?) slightly
smaller than HT but yield immediate bone—to—
bone healing. Tensile strength is around
1581-1784 N but may reach 4389 N in
larger specimens.® Stiffness is 210-
278 N mm™.° Because the central third of the
patellar tendon is harvested, the graft
diameter is predictable and seldom <8 mm,
which may reduce rerupture risk.

RESULT

3.1. Biomechanical implications for
hamstring-quadriceps balance

ACL reconstruction should restore not only
static knee stability but also dynamic
neuromuscular balance. The hamstring group
acts as the primary antagonist to anterior
tibial translation induced by quadriceps
contraction. An intact hamstring-quadriceps
(H:Q) strength ratio (~0.60 in healthy
individuals) is crucial for joint stability and
prevention of graft overload. Graft harvest
may disturb this balance.

3.2. Effects of hamstring tendon harvest

Harvesting the semitendinosus and gracilis
reduces knee flexor strength. A prospective
randomized study comparing PL and HT grafts
reported that hamstring harvest produced
significant loss of knee flexion strength, with
68.3% of hamstring patients showing
persistent flexion loss versus only 9.1 % in the
PL group.’® Saphenous nerve symptoms
occurred in 29.3 % of hamstring patients
compared with 13 % of PL patients.’**The
authors concluded that PL harvest preserves
hamstring strength and may maintain H:Q
balance.* A network meta-analysis found that
PL autografts preserve hamstring-quadriceps
balance because the harvest site is distal to the
knee and the peroneus brevis compensates for
lost eversion strength; in contrast, hamstring
harvest disrupts this balance and may
compromise joint stability during
rehabilitation.?!
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Isokinetic testing from randomised trials
comparing BPTB and HT grafts showed that
quadriceps strength limb-symmetry index
(LSI) decreased in both groups initially but
recovered faster in the HT group.* Hamstring
strength LSI was consistently lower in the HT
group at 4-24 months compared with the
BPTB group (89.1% vs 97.1% at latest
follow-up).*® This indicates that HT harvest
delays hamstring recovery and produces an
imbalanced H:Q ratio relative to BPTB.

3.3. Effects of quadriceps tendon harvest

QT harvest removes part of the extensor
mechanism and may produce quadriceps
weakness. A cross-sectional study evaluating
isokinetic strength at 7 months after ACL
reconstruction reported that patients with QT
grafts had significantly lower quadriceps
strength LSI (67.5-75.1 %) compared with
BPTB (74.4-81.5 %) and HT grafts (84.0-
89.0 %).* None of the QT patients achieved an
LSI 290 %. A conference abstract confirmed
that QT patients had 17.4 % lower peak
knee-extension torque than HT patients and
6.9 % lower than BPTB patients.** These
findings suggest that QT harvest compromises
quadriceps strength more than HT or BPTB, at
least in the early postoperative period.
Nevertheless, a lab study found that QT and
HT constructs had similar ultimate load to
failure and load at 3 mm displacement; the
six-strand HT construct was stiffer,'¢
indicating that mechanical adequacy does not
necessarily translate to better functional
recovery.

3.4. Effects of BPTB harvest

Harvesting the central third of the patellar
tendon and bone plugs may weaken the
extensor mechanism but usually preserves
hamstrings. In the randomised trial described
above, the BPTB group had significantly
reduced quadriceps strength LSI and
single-leg hop performance at 4-12 months
compared with the HT group.** Hamstring
strength recovered faster in BPTB patients
than in HT patients.33 Thus, BPTB harvest

leads to transient quadriceps weakness but
maintains H:Q balance better than HT harvest.

3.5. Effects of peroneus longus harvest

PL harvest occurs distal to the knee, so it
does not directly affect hamstrings or
quadriceps. A prospective comparative study
showed that knee flexion strength and thigh
circumference recovery were better in the PL
group than in the HT group; none of the PL
patients experienced knee flexion loss at the
final follow-up.>® Another trial found similar
isokinetic quadriceps and hamstring strength
between PL and HT groups at nine months, but
the PL group had a larger graft diameter and
shorter harvest time.*® Biomechanically, the
peroneus brevis compensates for lost evertor
function, and peroneus longus harvest does
not significantly alter gait or ankle torque.'®
Therefore, PL harvest preserves hamstring-
quadriceps balance and may offer a
biomechanical advantage over HT and QT
grafts.

3.6. Clinical outcomes

Peroneus longus versus hamstring

Several studies compared PL autografts
with HT autografts. A retrospective matched
study of 400 patients reported that PL grafts
had a larger diameter (8.5+0.6mm vs
8.1 + 0.7 mm), fewer cases of knee flexion loss
(9.1 % vs 68.3 %), and fewer saphenous nerve
symptoms (13 % vs 29.3 %) than hamstring
grafts.®® IKDC and Lysholm scores were
similar, and ankle function remained high
(AOFAS scores ~98/100). The PL group had
lower infection rates and similar rerupture
rates.*”

A prospective randomised trial comparing
PL and HT autografts (44 patients) found that
PL grafts had significantly larger diameter
(9.07+£0.57mm vs 8.11+0.21mm) and
shorter harvest time (7.30 vs 12.19 min).>*
IKDC and Lysholm scores were similar at
9 months, and thigh circumference recovery
did not differ. Early postoperative ankle scores
(AOFAS) were lower in the PL group at
6 weeks but equalised by 9 months.’’
Hypoesthesia near the incision occurred in
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21% of HT patients but none in the PL
group.”’Another prospective study of 20
patients reported that AOFAS and FAAM
scores improved to near normal by 6 months,
indicating adequate ankle recovery.*®

A 2025 systematic review and
meta-analysis comparing PL and HT
autografts pooled nine studies and concluded
that PL grafts had a larger mean diameter
(8.63 mm vs 8.08 mm) and lower donor-site
morbidity; stability tests and failure rates
were similar.’! The authors emphasised that
PL harvest does not significantly affect ankle
stability or gait because the peroneus brevis
compensates for the harvested tendon.’
Taken together, these studies show that PL

autografts  provide clinical outcomes
comparable to hamstrings while preserving
hamstring strength and reducing

nerve-related morbidity.

3.7. Quadriceps tendon versus hamstring and
BPTB

Randomised trials have compared QT, HT
and BPTB autografts. In a randomised
controlled trial of 99 patients (thigh
circumference and isokinetic testing),
quadriceps strength LSI at 7 months was
significantly lower in the QT group (67-75 %)
than in the HT (84-89 %) or BPTB group (74-
82 %).* None of the QT patients reached the
clinical threshold of 290 % LSI. The same
study found that hamstring strength deficits
were more pronounced in the HT group, while
BPTB patients had balanced
hamstring-quadriceps strength.* Another trial
reported no significant differences in IKDC
and Lysholm scores between QT and HT
groups, but quadriceps weakness persisted
longer in the QT group.”® A cadaveric
biomechanical study comparing QT and
patellar tendon grafts showed that 8-mm and
10-mm QT grafts had higher or equal ultimate
failure loads than 10-mm patellar tendon

grafts.!”  Another study found that
full-thickness QT had greater cross-sectional
area, strength and stiffness than

partial-thickness QT and patellar tendon;
partial-thickness QT had similar strength to

patellar tendon.?® Clinically, quadriceps
autografts have lower donor-site morbidity
and less anterior knee pain than BPTB but may
cause quadriceps weakness and a slower
return to sports.®

3.8. BPTB versus hamstring

A meta-analysis of randomised trials with
>10-year follow-up compared BPTB and HT
autografts. Among 495 patients, there were no
significant differences in graft
rupture/revision, contralateral ACL rupture,
Lysholm or Tegner scores, extension deficits
or instrumented laxity at long term.*
However, BPTB grafts had higher incidence of
anterior knee pain, kneeling pain and
extension loss,*!, whereas HT grafts had
higher risk of infection and possibly higher
rerupture rates. Another randomised trial
found that at 24 months quadriceps strength
and single-leg hop performance recovered
similarly between BPTB and HT groups,
although BPTB patients exhibited worse
quadriceps LSI during the first year.*?

3.9. Long-term and revision outcomes

Evidence on long-term outcomes of PL
autografts is limited because its use is
relatively recent. The available studies (1-
5 year follow-up) report comparable stability
and function to HT or BPTB with low failure
rates. For QT autografts, some meta-analyses
have reported lower rerupture rates than HT
but similar to BPTB, although the evidence is
heterogeneous. BPTB autografts remain the
preferred choice for athletes requiring rapid
and robust graft incorporation, but donor-site
pain remains a drawback. HT and PL
autografts may be preferable for patients at
risk of anterior knee pain or those requiring
kneeling activities (e.g., farmers, religious
practices), whereas QT autografts can be
considered in revision cases or when
hamstrings are inadequate.
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3.10. Donor-site morbidity. Nerve injury and
sensory disturbance

Hamstring harvest carries a risk of injuring
the infrapatellar branch of the saphenous
nerve, leading to numbness along the
anteromedial tibia. A cadaveric study reported
nerve injury rates up to 37.5 % with vertical or
horizontal incisions.”?> Posterior hamstring
harvest reduces this risk to 0.4 %.%* PL harvest
is associated with sural nerve proximity but
clinically negligible sensory deficits; a study of
20 patients reported no sensory complaints.*?
Quadriceps and BPTB harvests rarely injure
major nerves but may result in numbness
around the incision.

3.11. Pain, muscle atrophy and cosmetic
satisfaction

Donor-site pain is a major factor in patient
satisfaction. A network meta-analysis
reported that HT and QT autografts were
associated with 69 % and 88 % lower odds of
donor-site morbidity, respectively, compared
with BPTB autografts; there were no
differences in complications or revision
rates.” A prospective observational study
found that QT autografts had better donor-site
morbidity scores at 6 months than HT
autografts, with less numbness and muscle
atrophy; early postoperative pain was slightly
higher with QT at 7 days but equalised by
day 14.** HT harvest may cause hamstring
muscle atrophy and weakness; PL harvest
avoids this issue. BPTB patients commonly
experience anterior knee pain and kneeling
pain.*!

In PL versus HT trials, hypoesthesia around
the incision occurred in 21 % of HT patients
but not in PL patients.?” A retrospective study
reported that 13 % of PL patients experienced
saphenous nerve symptoms compared with
29 % of HT patients.*® Cosmetic satisfaction is
also better with PL and hamstring harvest
than with BPTB; a study comparing posterior
and anterior hamstring harvest found greater
satisfaction with posterior harvest.?*

3.12. Graft adequacy and revision rates

Hamstring graft diameters are variable and
may be <7 mm in smaller patients, increasing
rerupture risk. Peroneus longus grafts
consistently measure =8 mm. QT and BPTB
grafts allow the surgeon to select graft width.
Several authors have recommended graft
diameters >8.5 mm to reduce failure rates.®’
Systematic reviews suggest PL and QT
autografts have comparable failure rates to HT
and BPTB in short-term follow-up,’! but
long-term data are lacking.

3.13. Rehabilitation

Rehabilitation  protocols after ACL
reconstruction aim to protect the graft while
restoring ROM, strength and neuromuscular
control. Most protocols do not explicitly tailor
exercises to graft type.** However,
graft-specific considerations are important:

Hamstring grafts: Early rehabilitation
should avoid aggressive hamstring loading to
allow tendon regrowth and avoid hamstring
strain. Hamstring strengthening begins
cautiously at 4-6 weeks, with progressive
resistance at 8-12 weeks. Because the H:Q
ratio is reduced by hamstring harvest,
emphasis on hip extensor and knee flexor
strengthening is essential.

Quadriceps tendon grafts: Because QT
harvest weakens knee extension, early
rehabilitation emphasises quadriceps
activation (straight-leg raises, neuromuscular
electrical stimulation) and patellar mobility.
Squats and closed-chain exercises are
progressed gradually. Return to running may
be delayed if quadriceps LSI < 90 %.

BPTB grafts: Patients often experience
anterior knee pain; therefore kneeling and
deep squatting are avoided initially.
Quadriceps strengthening is important but
must be balanced with pain management.
Bone-to-bone healing allows accelerated
weight-bearing and more aggressive ROM
exercises compared with soft-tissue grafts.

Peroneus longus grafts: Rehabilitation
mirrors hamstring protocols but does not
require delayed hamstring strengthening.
Early ankle mobilisation is encouraged to
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prevent stiffness. Because PL harvest does not
compromise hamstring or quadriceps
strength, return to sport may be expedited. A
prospective trial reported that AOFAS scores
for the ankle were slightly lower at 6 weeks
but equalised by 9 months*’; therefore early
ankle proprioception exercises may be
beneficial.

A 2025 scoping review of rehabilitation
guidelines noted that few protocols address
graft-specific considerations and that BPTB
and QT harvests disrupt the myofascial
structure leading to persistent quadriceps
deficits, while semitendinosus harvest
preserves quadriceps but reduces hamstring
function.** The authors called for
evidence-based graft-specific rehabilitation
strategies.

DISCUSSION

The anterior half peroneus longus autograft
is an emerging option for ACL reconstruction.
Biomechanically, the PL graft provides
adequate tensile strength and stiffness and
yields graft diameters similar to or larger than
hamstring grafts. Cadaveric and living-donor
studies show that PL grafts have higher tensile
strength than hamstring grafts of comparable
diameter."® Although single anterior-half PL
has a lower ultimate load than quadrupled
hamstring or QT, the graft is long enough to be
doubled or tripled, and cross-sectional area
can be increased. The peroneus brevis
compensates for the harvested tendon,
preserving ankle eversion and gait,'” most
patients show near-normal ankle function by
6 months.'®

Clinical studies demonstrate that PL
autografts provide comparable stability and
functional outcomes to hamstring and BPTB
grafts, with the advantage of larger graft
diameter, shorter harvest time and lower
donor-site  morbidity. Preservation  of
hamstring integrity results in better knee
flexion strength and hamstring-quadriceps
balance.*® The main concern with PL harvest is
the potential effect on ankle mechanics;
however, current evidence indicates that with
proper tenodesis to peroneus brevis, evertor

strength remains intact and any gait changes
are minimal."

Quadriceps tendon autografts offer a robust
alternative to BPTB, especially when
hamstring grafts are small. QT harvest results
in a large, consistent graft with high tensile
strength and stiffness. However, early
quadriceps weakness and delayed return to
sport are notable drawbacks.*
Partial-thickness QT harvest may mitigate
strength deficits while retaining adequate
mechanical properties.”> QT autografts also
have low donor-site morbidity and less
anterior knee pain than BPTB.**

BPTB autografts remain reliable due to
their predictable size, bone-to-bone healing
and long-term durability. Nevertheless,
patients often report anterior knee pain,
kneeling discomfort and donor-site morbidity.
Quadriceps strength deficits occur early
postoperatively but usually recover. BPTB
may still be preferred in high-demand athletes
requiring rapid stability; however,
alternatives should be considered in patients
at risk of kneeling pain.

Hamstring autografts continue to be widely
used due to ease of harvest and satisfactory
long-term outcomes. However, hamstring
harvest can cause persistent knee flexor
weakness, saphenous nerve injury, and
smaller graft diameters. Posterior hamstring
harvest reduces nerve injury and operative
time?4, but hamstring strength deficits remain.

Overall, the anterior half peroneus longus
graft appears to combine many advantages of
soft-tissue autografts while avoiding some of
their drawbacks. Although long-term data are
limited, current evidence suggests that PL
autografts offer comparable clinical outcomes,
preserve  hamstring—quadriceps balance,
reduce donor-site morbidity and simplify
harvest. Surgeons should consider
patient-specific factors such as sport,
occupation, anatomy, previous surgeries and
donor-site expectations when choosing a
graft. Robust randomised controlled trials and
long-term cohort studies are needed to clarify
failure rates, optimal graft sizing and
rehabilitation protocols for PL autografts.
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CONCLUSION

The anterior half peroneus longus autograft
represents a viable and biologically sound
alternative for anterior cruciate ligament
reconstruction. Compared with hamstring,
quadriceps, and bone-patellar tendon-bone
autografts, PL grafts offer adequate
biomechanical strength, preservation of
hamstring—-quadriceps balance, and lower
donor-site morbidity, with minimal long-term
impact on ankle function. While early clinical
outcomes are promising, high-quality
randomized trials with long-term follow-up
are required to define optimal indications,
failure rates, and graft-specific rehabilitation
strategies.
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