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Background

Modifiable risk factors for anterior cruciate ligament (ACL) injury and re-injury have been
widely investigated to inform rehabilitation strategies and return-to-sport
decision-making. However, less attention has been given to the electromyographic (EMG)
activity of the triceps surae after ACL injury and reconstruction.

Hypothesis/Purpose

The primary objective of this study was to compare triceps surae EMG activity during
single-leg jumping tasks between individuals who had undergone ACLR and healthy
controls. The secondary objective was to examine whether any observed neuromuscular
differences were present bilaterally within the ACLR group. It was hypothesized that
individuals after ACLR would demonstrate lower triceps surae EMG activity compared
with healthy controls and that any observed differences would also be present in the
non-operated limb.

Study Design

Cross-sectional case—control study.

Methods

Twelve individuals with ACLR (mean 5.6 * 0.7 months postoperatively) and nine healthy
controls performed four trials of single-leg countermovement jump (SLCM]J) and
single-leg drop jump (SLDJ) tasks. Bilateral surface EMG activity of the triceps surae
muscles (gastrocnemius medialis, gastrocnemius lateralis, and soleus) was recorded and
normalized to maximal voluntary isometric contraction (% MVIC). For the SLCM], peak
EMG activity during the propulsion phase was analyzed, whereas for the SLD]J, mean EMG
activity was computed over a 0.5-second window preceding peak EMG following ground
contact. Between-group and between-limb comparisons were performed using
independent and paired t-tests (o = 0.05).
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Results

Compared with controls, individuals after ACLR demonstrated significantly lower soleus
EMG activity during both SLCMJ (p < 0.01) and SLD]J (p = 0.02). Gastrocnemius medialis
activity was also significantly lower in the ACLR group during the SLDJ (p < 0.01),
whereas no significant differences were observed for gastrocnemius lateralis. No
statistically significant differences were found between the operated and non-operated

limbs within the ACLR group (all p > 0.05).

Conclusion

Individuals with ACLR demonstrate lower triceps surae EMG activity during single-leg
jumping tasks, particularly for the soleus. These findings suggest the presence of altered
neuromuscular patterns that may be bilateral and muscle specific.

Level of Evidence

Level 3, cross-sectional case-control study.

INTRODUCTION

Evidence suggests that return to sport or competition is
a significant milestone of anterior cruciate ligament re-
construction (ACLR) rehabilitation.!-3 Neuromuscular con-
trol, including muscle activation patterns, is considered an
important component of functional recovery after ACLR.%
5 A previous study reported altered quadriceps and ham-
string EMG activity following ACLR during isolated or con-
trolled tasks.® While frontal-plane knee valgus has histori-
cally been associated with ACL injury risk, recent evidence
suggests that this relationship is complex and not neces-
sarily causal.” Contemporary perspectives emphasize the
contribution of proximal neuromuscular control strategies
to lower-limb movement strategies with ACL injury risk,
including hip and trunk muscle activation.%8 Non-contact
ACL injuries frequently occur during dynamic movements
such as landing, cutting, or pivoting, which often involve
single-leg loading.>10 During jumping and landing tasks,
the ankle joint and triceps surae play a major role in force
generation and absorption, contributing substantially to
lower-limb kinetics and may contribute to knee joint load-
ing.11-13 Alterations in triceps surae EMG activity may
therefore represent an understudied aspect of neuromuscu-
lar function following ACLR.12-15 However, the role of tri-
ceps surae EMG activity during functional single-leg tasks
after ACLR remains insufficiently investigated.16-18 While
neuromuscular activation (including quadriceps pre-activa-
tion) may precede initial contact, the foot—ankle complex is
the first mechanical interface with the ground during land-
ing.17 Biomechanical evidence suggests that gastrocnemius
loading may increase anterior tibial shear, whereas soleus
loading may contribute to posterior tibial shear, which
could be protective for the ACL.12 Previous studies have ex-
plored triceps surae function after ACLR using more com-
prehensive biomechanical approaches, including EMG-in-
formed musculoskeletal modeling. However, differences in
methodology and outcome measures limit direct compari-
son, and the role of triceps surae EMG activity during func-
tional tasks remains understudied.!6:19

Because the role of the triceps surae during functional
single-leg tasks after ACLR remains insufficiently under-
stood, the primary objective of this study was to compare

triceps surae EMG activity during single-leg jumping tasks
between individuals who had undergone ACLR and healthy
controls. The secondary objective was to examine whether
any observed neuromuscular differences were present bilat-
erally within the ACLR group. It was hypothesized that in-
dividuals after ACLR would demonstrate lower triceps surae
EMG activity compared with healthy controls and that any
observed differences would also be present in the non-op-
erated limb.

MATERIALS AND METHODS

STUDY DESIGN

This case-control study received ethical approval
(2023-A01099-34) by the local ethics committee, conducted
in agreement with the Declaration of Helsinki, and all par-
ticipants gave written informed consent. Subjects from
both groups were informed of the protocol and measures
recorded. Anthropometric, surgical, and sports-related data
from all participants before inclusion in the study were
recorded (i.e., gender, age, body mass, height, graft type,
date of surgery, Tegner activity score before ACL injury).!!

PARTICIPANTS

This study included twelve recreational athletes who had
undergone an ACLR and nine healthy control individuals.
Athletes with ACLR were recruited from patients going
through their rehabilitation program in a single rehabil-
itation center. All surgeries were performed by three ex-
perienced surgeons from the same orthopaedic clinic fol-
lowing a standardized ACLR surgical protocol, in order to
limit inter-surgeon variability. Healthy subjects were se-
lected among healthcare professionals from the clinic and
rehabilitation center with similar sports’ activity levels.
Participants were included in the ACLR group if: they had
undergone an ACLR surgery with hamstring autograft at
least three months prior to the initial assessment, they
were aged between 18 and 50 years old, and had a body
mass index < 30 kg.m™2, their activity level before ACL in-
jury was > 7 on the Tegner activity score, and they had com-
pleted the return to running criteria0 and resumed run-
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ning without symptoms (full knee range of motion; pain
<2 on visual analogue scale; knee extensor and flexor limb
symmetry index (LSI) >70% on isokinetic dynamometry at
60°.s71; and single-leg hop for distance LSI > 70%). All the
ACLR patients completed the International Knee Documen-
tation Subjective questionnaire (IKDC), and the Anterior
Cruciate Ligament-Return to Sport after Injury (ACL-RSI)
to assess their ability to perform jumping tasks of the study.
Scores below 55 on the ACL-RSI and below 80 on the IKDC
were considered as an exclusion criterion.2! Participants
with meniscal repair or meniscectomy were eligible for in-
clusion.1122 Limb dominance (preferred kicking leg) was
recorded for all participants.

Exclusion criteria were a history of prior ACL injury or
ACLR in the contralateral limb, previous major injury or
surgery to either lower limb, associated multiligament knee
injury, osteochondral lesion, or any condition preventing
safe performance of the jumping tasks.

MAXIMAL ISOMETRIC TORQUE

Subjects performed a 7-minute warm-up on a cycle ergome-
ter.!! Following the warm-up, the EMG electrodes were
placed over the soleus, gastrocnemius medialis, and gas-
trocnemius lateralis according to Surface Electromyography
for the Non-Invasive Assessment of Muscles (SENIAM) rec-
ommendations.23 Maximal voluntary isometric contrac-
tions (MVICs) were then performed to normalize EMG am-
plitude for each muscle.

The MVIC assessment was done with the subject in
seated position, the knee flexed at 90° and braced against
a fixed bar, and with the foot at 0° of dorsiflexion, resting
on a flat surface. The individuals were instructed to perform
a maximal plantarflexion effort by pushing the forefoot
against the ground as hard as possible against the ground
and to maintain the contraction for 6 seconds. Three mea-
surements were taken for each side, with 30 seconds rest
between each test.!1

JUMPING TASKS

After the MVIC EMG muscle activity assessment, each par-
ticipant performed four Single Legged Counter Movement
Jump (SLCM]) and four Single Leg Drop Jump (SLDL) (both
tasks were performed bilaterally in a random order) fol-
lowing practice jumping tasks before EMG muscle activity
recording.1! The order of the tasks (SLCMJ and SLDJ) was
randomized for each participant using a simple randomiza-
tion procedure.

For the SLCM], the participants were instructed to keep
the hands on the hips and jump on one leg as high as pos-
sible while also landing on the same leg as close as possible
to the point of takeoff. For the SLDJ, the participants were
instructed to jump from a 15 ¢cm high platform and perform
a second jump as quickly as possible after landing, again
keeping the hands on the hips. A 30-second rest was given
between each trial, while 3 minutes rest was given between
tasks.1! Trials were discarded if participants lost their bal-
ance, touched the ground with the contralateral foot, or re-
leased their hands from the hips. Discarded trials were re-

peated until four valid trials were obtained for each limb
and task.

OUTCOME MEASURES

All raw EMG data was transferred to the FREEEmg software
(BTS Bioengineering® version 2.9.41.0) for processing.
Each signal (MVIC and jumping task trials) was filtered with
a Lowpass filter (20Hz) and processed mathematically using
Root Mean Square (RMS). For the MVIC data, the maximum
EMG value of the three measurements after RMS processing
was retained for each evaluated muscle (soleus, gastrocne-
mius medialis and gastrocnemius lateralis) for both the op-
erated/dominant and non-operated/non-dominant leg. The
EMG signal of each jumping measurement was then nor-
malized to the MVIC recorded value of the corresponding
muscle. The data were expressed as a percentage of the
MVIC.

For the SLCM]J, the outcome used for analysis was the
peak normalized EMG amplitude during the propulsion
(take-off) phase, corresponding to the period of maximal
concentric demand on the triceps surae. Jumping phases
were visually identified and synchronized with EMG record-
ings to ensure that the extracted peak EMG occurred during
the propulsion phase. The mean of the four trials was re-
tained for analysis.

For the SLDJ, EMG activity was quantified using a fixed
0.5-s time window preceding the peak EMG amplitude ob-
served during the jump, representing the propulsion phase
following ground contact.

STATISTICAL ANALYSIS

The normality of the anthropometric data was tested using
a Shapiro-Wilk test and showed that it did not follow a
normal distribution for the age, height, weight and Tegner
activity Score. The between-group differences for height,
weight, and age were tested using a Wilcoxon-Mann-Whit-
ney test.

The normality of the EMG data corresponding to the an-
alyzed variables was tested, and analyses were performed
using the students T-test or the Wilcoxon-Mann Whitney
test if data not normally distributed. The level of signifi-
cance was set at a = 0.05.

RESULTS

DEMOGRAPHIC AND BASELINE CHARACTERISTICS

A summary of baseline data and the between-group differ-
ences are presented in Table 1. No statistically significant
differences were observed between the two groups.

The time since surgery for the ACLR group ranged from
4.9 to 6.3 months postoperatively (mean: 5.6 * 0.7 months).
A meniscus repair was conducted in two individuals fol-
lowing the ACLR. Table 2 presents the descriptive statistics
and distribution of electromyographic activation during the
SLCM]J and SLL tasks for both groups.
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Table 1. Demographic Data

Group ACLR (n=12) Control (n=9) p-value
Mean = (SD) Mean % (SD)

Height (cm) 180.33 (+ 7.90) 175.33(+4.37) 0.16
Weight (kg) 69.60(+x12.10) 66.23 (+ 6.48) 0.49
Age (years) 25.83(+3.90) 27.34 (£ 3.22) 0.27
Tegner activity score 7.69 (£ 0.89) 7.45 (+0.54) 0.68
Sex (Male/Female) 8/4 6/3 NA
Dominant Leg (R/L) 5/7 3/6 NA
Postoperative time (months) 5.6 (x0.70) NA NA
Operated Knee (R/L) 7/5 NA NA

Values are presented as means and standard deviations, and counts, where applicable. R; right, L; left, C; direct contact, IC; indirect contact, NC; non-contact, SD; Standard devia-

tion; NA, non-applicable.

Table 2. Triceps surae EMG activity during single-leg tasks, expressed as normalized EMG amplitude (% MVIC)

Task Muscle ACLR ACLR Control
Operated Non-operated (Mean = SD)
(Mean = SD) (Mean = SD)
SLCMJ GM 113.9+27.7 112.5+54.3 146.0+27.0
GL 121.6+9.9 146.7 +55.6 137.5+56.7
SL 150.6 £ 31.2 129.8+27.0 176.7+14.1
SLDJ GM 137.4+29.3 156.0+85.6 189.2+25.9
GL 134.0+22.3 1244+ 34.7 157.8+254
SL 154.7 +39.2 143.4+41.9 170.1+12.9

EMG; Electromyographic data, GM; Gastrocnemius Medialis, GL; Gastrocnemius Lateralis, SL; Soleus, SD; Standard Deviation. Values are presented as normalized EMG amplitude (%

MVIC).

The EMG activity of the triceps surae during both tasks
is illustrated in Figure 1. The between-group and between-
limb differences in EMG data are presented in Table 3.

For the SLCM] test, between-group differences showed
no statistically significant differences for the gastrocne-
mius medialis (GM: 113.9% * 27.7 vs 146.0% = 27.0, p =
0.35) or gastrocnemius lateralis (GL: 121.6% £ 9.9 vs 137.5%
* 56.7, p = 0.38). However, soleus (SL) activity was sig-
nificantly lower in the ACLR group compared to controls
(150.6% * 31.2 vs 176.7% = 14.1, p < 0.01). No statistically
significant between-limb differences were observed within
the ACLR group for any muscle (all p > 0.05).

For the SLDJ test, GM activity was significantly lower
in the ACLR group compared to controls (137.4% £ 29.3
vs 170.1% * 12.9, p < 0.01). GL activity was also lower in
the ACLR group, although this difference did not reach sta-
tistical significance (134.0% #* 22.3 vs 157.8% + 25.4, p =
0.06). Similarly, soleus activity was significantly lower in
the ACLR group (154.7% * 39.2 vs 189.2% * 25.9, p = 0.02).
No significant between-limb differences were observed for
any muscle in the SLDJ task (all p > 0.05).

Overall, soleus activity was consistently lower in the
ACLR group across both tasks, while GM differences were
task-specific and reached a statistically significant differ-
ence only during the SLD].

DISCUSSION

The aim of this study was to compare triceps surae EMG ac-
tivity during two single-leg jumping tasks between individ-
uals after ACLR and healthy controls. The main finding is
that triceps surae EMG activity was generally lower in the
ACLR group, with the most consistent and significant dif-
ferences observed for the soleus across both tasks, and for
the gastrocnemius medialis during the SLDJ.

The most consistent finding of this study concerns the
soleus muscle, which showed significantly lower EMG ac-
tivity in the ACLR group across both tasks. Clinically, these
findings may reflect a reduced contribution of the soleus
during single-leg function. Importantly, this alteration ap-
peared to be bilateral and muscle-specific, as it was not
consistently observed for both heads of the gastrocnemius.
From a biomechanical perspective, soleus activation may
contribute to posterior tibial shear, which has been sug-
gested to play a protective role for the ACL.24 In addition,
the soleus may contribute to lower-limb control during
stretch-shortening cycle activities. However, because joint
kinetics were not assessed in the present study, the me-
chanical implications of lower soleus EMG activity remain
uncertain.12.24 A reduced soleus EMG activity, as observed
in this study, may therefore indicate a diminished contribu-
tion of the ankle-foot complex during single-leg functional
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Figure 1. Normalized EMG) activity of the triceps surae muscles (GM, GL, and soleus), expressed as a percentage
of MVIC, during single-leg tasks in individuals after ACLR and healthy controls. (A) Single-leg countermovement
jump (SLCM]). (B) Single-leg drop jump (SLDJ). Bars represent mean values and error bars indicate standard
deviation. Orange bars represent the ACLR group and blue bars represent the control group. * indicates a
statistically significant difference between-group (p < 0.05).

Table 3. Comparative tests between-group and between-limb tests

Task Comparison Muscle Difference (%) p-value
SLCMJ ACLR vs Control GM -19.6 0.35
GL -15.8 0.38
SL -26.1 <0.01*
Operated vs Non-operated GM 1.5 0.62
GL -5.1 0.81
SL 20.8 0.36
SLDJ ACLR vs Control GM -32.7 <0.01*
GL -23.8 0.06
SL -34.3 0.02*
Operated vs Non-operated GM -17.4 0.47
GL 9.6 0.32
SL 115 0.49

ACLR; Anterior Cruciate Ligament Reconstruction, EMG; electromyographic data, GM; Gastrocnemius Medialis, GL; Gastrocnemius Lateralis, SL; Soleus,

tasks in individuals after ACLR. However, because joint ki-
netics and injury outcomes were not assessed, the mechan-
ical and clinical implications of these neuromuscular differ-
ences remain to be established. Whether these alterations
persist and are associated with return-to-sport outcomes or
secondary ACL injury risk should be investigated in future
studies.

Regarding the gastrocnemius medialis, the results were
more task specific. GM EMG activity was significantly lower
in the ACLR group during the SLDJ task, but not during
the SLCM]. This suggests that GM involvement may be
more dependent on task demands, particularly during rapid
stretch-shortening cycle activities involving high loading
rates. In contrast, GL activity did not show significant be-
tween-group differences in either task, indicating a less

prominent or more variable role in these functional con-
ditions. These findings highlight a muscle-specific adapta-
tion within the triceps surae following ACLR, supporting
the idea that neuromuscular alterations may not be uni-
formly distributed across muscles.

Overall, triceps surae EMG activity tended to be lower
in the ACLR group compared with controls. However, these
findings should be interpreted with caution, as EMG am-
plitude does not directly reflect muscle force production.12
Measures of triceps surae strength and external kinetics
(e.g., ground reaction forces) were not assessed, which lim-
its the ability to determine the mechanical relevance of the
observed neuromuscular differences. The EMG-force rela-
tionship is complex and influenced by multiple physiologi-
cal and methodological factors.2> Therefore, concurrent as-
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sessment of muscle strength and external loading would be
necessary to better understand the functional implications
of these findings.

No significant differences were observed between the
operated and non-operated limbs within the ACLR group.
These findings support the presence of bilateral neuromus-
cular alterations following ACL injury and reconstruc-
tion.26:27 Therefore, the non-operated limb should not be
assumed to be unaffected, and bilateral assessment remains
warranted. This observation is consistent with the hypoth-
esis of central neuromuscular adaptations following ACL
injury, which may affect motor control strategies in both
limbs.28 In this context, within-subject approaches such as
limb symmetry indices may provide more meaningful in-
sights than comparisons with normative values, especially
given the high inter-individual variability of EMG data.

Previous studies have also highlighted task- and phase-
specific alterations in triceps surae function after ACLR,
reporting alterations in both the timing and magnitude
of muscle activation during landing tasks, suggesting per-
sistent neuromuscular adaptations related to anticipatory
control mechanisms.1516.29.30 Together, these findings
support the idea that neuromuscular alterations after ACLR
may involve both the magnitude and timing of muscle acti-
vation and may be present approximately five to six months
after surgery in individuals who have resumed running.

Participants in the ACLR group were assessed at a mean
of 5.6 + 0.7 months postoperatively and had resumed run-
ning without symptoms according to predefined return-to-
running criteria. The persistence of such neuromuscular
alterations raises important clinical considerations. Cur-
rent rehabilitation and return-to-sport criteria often em-
phasize strength and performance outcomes but may not
fully capture underlying neuromuscular alterations.28 As a
result, individuals may meet conventional performance cri-
teria while still exhibiting altered neuromuscular strate-
gies. In routine clinical practice, direct EMG assessment is
not always feasible. Therefore, clinicians may rely on func-
tional tests such as single-leg heel-rise capacity or hop
tasks, combined with symmetry-based approaches, to mon-
itor recovery of triceps surae function and guide rehabilita-
tion progression.

The practical relevance of these findings should be in-
terpreted with caution. In the present study, EMG data in-
dicate altered neuromuscular activity of the triceps surae
during single-leg functional tasks after ACLR, particularly
for the soleus. However, because no kinematic, kinetic, or
performance measures were collected, these results cannot
be interpreted as direct evidence of altered movement me-
chanics, impaired functional performance, or increased
ACL injury risk.3! Rather, these findings suggest that the
triceps surae, and especially the soleus, may deserve
greater attention during neuromuscular assessment and re-
habilitation after ACLR.

Finally, it is not possible to discern whether some of the
observed neuromuscular alterations may have been pre-
sent prior to injury, rather than being solely a consequence
of ACL injury or reconstruction. Although this interpre-
tation should be considered with caution, it aligns with

emerging evidence suggesting that pre-existing neuromus-
cular deficits may contribute to ACL injury risk. Saunders et
al. reported that altered neuromuscular activation patterns
may precede ACL injury, although prospective data remain
limited.32 Further research is needed to determine whether
such motor patterns represent a cause or a consequence of
ACL injury and reconstruction.

LIMITATIONS

This study has several limitations regarding the conclusions
that can be drawn from the results. Participants were as-
sessed at a mean of 5.6 + 0.7 months postoperatively. Al-
though this postoperative window was relatively narrow,
participants may have differed in rehabilitation progres-
sion, strength recovery, exposure to running or jumping ac-
tivities, and sport-specific training. These factors were not
controlled in the present study and may have influenced
EMG outcomes. In addition, although all procedures fol-
lowed a standardized surgical protocol within a single cen-
ter, the involvement of three different surgeons may have
introduced some variability. These sources of heterogene-
ity should be considered when interpreting the results and
may limit the generalizability of these preliminary findings.

EMG amplitude was the primary outcome, but no con-
current measures of plantarflexor strength, jump perfor-
mance, ground reaction forces, or joint kinetics were col-
lected. Therefore, it cannot be determined whether the
observed differences in EMG activity were associated with
differences in muscle force production, movement strategy,
or functional performance. In addition, although standard-
ized instructions were provided, maximal effort during each
jumping task could not be objectively verified because jump
height and other performance outcomes were not recorded.
The inclusion of participants with meniscal repair may have
introduced some variability due to differences in early reha-
bilitation protocols, which should be considered when in-
terpreting the results.

The relatively small sample size may have limited the
statistical power to detect between-group or between-limb
differences, particularly for variables with high inter-indi-
vidual variability. Therefore, a power calculation should be
integrated into a future protocol, along with inclusion of a
larger number of participants.

Finally, the analysis of the activity was limited to the
propulsion phases of the SLCMJ and the anticipation phase
of the SLD]. Jump performance outcomes were not assessed
in this study, which limits the ability to relate neuromus-
cular findings to functional performance. A more detailed
analysis of the complete motor pattern of our subjects
would allow us to better understand the interactions be-
tween modification of the intensity of activation of each
muscle, independently and interacting with each other, and
their timing. This is particularly relevant in a context where
central neurological adaptations are becoming increasingly
studied and identified in the causes and consequences of
ACL injuries.
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CONCLUSION

The results of this study indicate that individuals after
ACLR demonstrated lower triceps surae EMG activity dur-
ing single-leg jumping tasks compared with healthy con-
trols, with the most consistent differences observed for the
soleus. Gastrocnemius medialis activity was also lower dur-
ing the SLDJ, whereas gastrocnemius lateralis activity did
not differ significantly between groups. No significant dif-
ferences were observed between the operated and non-op-
erated limbs within the ACLR group. These findings suggest
that triceps surae neuromuscular activity, particularly
soleus activity, may warrant further investigation during
rehabilitation after ACLR.

CORRESPONDING AUTHOR

Ayrton Moiroux —Sahraoui

Orthopaedic Surgery Department, Clinic of Domont, Ram-
say  Healthcare, @OrthoLab, Domont, France,
+33634099012

ayrton.moirouxsahraoui@gmail.com

CONFLICTS OF INTEREST

The authors declare no conflicts of interest.

Submitted: January 17, 2026 CDT. Accepted: April 24, 2026
CDT. Published: July 01, 2026 CDT.
© The Author(s)

This is an open-access article distributed under the terms of the Creative Commons Attribution 4.0 International License

(CCBY-NC-4.0). View this license's legal deed at https://creativecommons.org/licenses/by-nc/4.0 and legal code at https://cre-

ativecommons.org/licenses/by-nc/4.0/legalcode for more information.

International Journal of Sports Physical Therapy


mailto:ayrton.moirouxsahraoui@gmail.com
https://creativecommons.org/licenses/by-nc/4.0
https://creativecommons.org/licenses/by-nc/4.0/legalcode
https://creativecommons.org/licenses/by-nc/4.0/legalcode

Triceps Surae Neuromuscular Activity During Single-leg Jumping Tasks in Individuals After Anterior Crucia...

REFERENCES

1. Ardern CL, Webster KE, Taylor NF, Feller JA.
Return to sport following anterior cruciate ligament
reconstruction surgery: a systematic review and
meta-analysis of the state of play. Br J Sports Med.
2011;45(7):596-606. doi:10.1136/bjsm.2010.076364

2. Bialty M, Wilczynski B, Forelli F, Hewett TE, Gnat R.
Functional deficits in non-elite soccer (football)
players: a strength, balance, and movement quality
assessment after anterior cruciate ligament
reconstruction. Cureus. Published online 2024.
doi:10.7759/cureus.75846

3. Forelli F, Riera J, Mazeas J, et al. Ligament healing
after anterior cruciate ligament rupture: an
important new patient pathway? Int J Sports Phys
Ther. 2023;18(5):1032-1035. doi:10.26603/001c.88250

4. Hewett TE, Myer GD. The mechanistic connection
between the trunk, hip, knee, and anterior cruciate
ligament injury. Exerc Sport Sci Rev.
2011;39(4):161-166. doi:10.1097/
JES.0b013e3182297439

5. Biomechanics and motor control of human
movement | Wiley Online Books. doi:10.1002/
9780470549148

6. Di Giminiani R, Marinelli S, La Greca S, Di Blasio
A, Angelozzi M, Cacchio A. Neuromuscular
characteristics of unilateral and bilateral maximal
voluntary isometric contractions following acl
reconstruction. Biology. 2023;12(9):1173.
doi:10.3390/biology12091173

7. Nilstad A, Petushek E, Mok KM, Bahr R, Krosshaug
T. Kiss goodbye to the “kissing knees”: no association
between frontal plane inward knee motion and risk of
future non-contact ACL injury in elite female
athletes. Sports Biomech. 2023;22(1):65-79.
doi:10.1080/14763141.2021.1903541

8. Thomas AC, Palmieri-Smith RM, McLean SG.
Isolated hip and ankle fatigue are unlikely risk factors
for anterior cruciate ligament injury. Scand ] Med Sci
Sports. 2011;21(3):359-368. doi:10.1111/
j.1600-0838.2009.01076.x

9. Della Villa F, Buckthorpe M, Grassi A, et al.
Systematic video analysis of acl injuries in
professional male football (soccer): injury
mechanisms, situational patterns and biomechanics
study on 134 consecutive cases. Br ] Sports Med.
2020;54(23):1423-1432. doi:10.1136/
bjsports-2019-101247

10. Bonnette S, Diekfuss JA, Grooms DR, et al.
Electrocortical dynamics differentiate athletes
exhibiting low- and high- acl injury risk
biomechanics. Psychophysiology. 2020;57(4):e13530.
doi:10.1111/psyp.13530

11. Kotsifaki A, Van Rossom S, Whiteley R, et al.
Single leg vertical jump performance identifies knee
function deficits at return to sport after acl
reconstruction in male athletes. Br J Sports Med.
2022;56(9):490-498. doi:10.1136/
bjsports-2021-104692

12. Maniar N, Cole MH, Bryant AL, Opar DA. Muscle
force contributions to anterior cruciate ligament
loading. Sports Med. 2022;52(8):1737-1750.
doi:10.1007/s40279-022-01674-3

13. Graham MC, Reeves KA, Johnson DL, Noehren B.
Relationship between quadriceps strength and knee
joint power during jumping after aclr. Orthop J Sports
Med. 2023;11(3):23259671231150938. doi:10.1177/
23259671231150938

14. Kotsifaki A, Korakakis V, Graham-Smith P, Sideris
V, Whiteley R. Vertical and horizontal hop
performance: contributions of the hip, knee, and
ankle. Sports Health Multidiscip Approach.
2021;13(2):128-135. d0i:10.1177/1941738120976363

15. Moiroux--Sahraoui A, Mazeas J, Gold M, Kakavas
G, Forelli F. Neuromuscular control deficits after
anterior cruciate ligament reconstruction: a pilot
study using single-leg functional tests and
electromyography. J Funct Morphol Kinesiol.
2025;10(1):98. doi:10.3390/jfmk10010098

16. Gokeler A, Hof AL, Arnold MP, Dijkstra PU,
Postema K, Otten E. Abnormal landing strategies
after acl reconstruction. Scand | Med Sci Sports.
2010;20(1):e12-19. doi:10.1111/
j-1600-0838.2008.00873.x

17. Vairo GL, Myers ]B, Sell TC, Fu FH, Harner CD,
Lephart SM. Neuromuscular and biomechanical
landing performance subsequent to ipsilateral
semitendinosus and gracilis autograft anterior
cruciate ligament reconstruction. Knee Surg Sports
Traumatol Arthrosc Off ] ESSKA. 2008;16(1):2-14.
doi:10.1007/s00167-007-0427-4

18. Arhos EK, Di Stasi S, Hartigan EH, Snyder-
Mackler L. Males and females have different muscle
activity patterns during gait after acl injury and
reconstruction. J Electromyogr Kinesiol Off ] Int Soc
Electrophysiol Kinesiol. 2022;66:102694. doi:10.1016/
j.jelekin.2022.102694

International Journal of Sports Physical Therapy


https://doi.org/10.1136/bjsm.2010.076364
https://doi.org/10.7759/cureus.75846
https://doi.org/10.26603/001c.88250
https://doi.org/10.1097/JES.0b013e3182297439
https://doi.org/10.1097/JES.0b013e3182297439
https://doi.org/10.1002/9780470549148
https://doi.org/10.1002/9780470549148
https://doi.org/10.3390/biology12091173
https://doi.org/10.1080/14763141.2021.1903541
https://doi.org/10.1111/j.1600-0838.2009.01076.x
https://doi.org/10.1111/j.1600-0838.2009.01076.x
https://doi.org/10.1136/bjsports-2019-101247
https://doi.org/10.1136/bjsports-2019-101247
https://doi.org/10.1111/psyp.13530
https://doi.org/10.1136/bjsports-2021-104692
https://doi.org/10.1136/bjsports-2021-104692
https://doi.org/10.1007/s40279-022-01674-3
https://doi.org/10.1177/23259671231150938
https://doi.org/10.1177/23259671231150938
https://doi.org/10.1177/1941738120976363
https://doi.org/10.3390/jfmk10010098
https://doi.org/10.1111/j.1600-0838.2008.00873.x
https://doi.org/10.1111/j.1600-0838.2008.00873.x
https://doi.org/10.1007/s00167-007-0427-4
https://doi.org/10.1016/j.jelekin.2022.102694
https://doi.org/10.1016/j.jelekin.2022.102694

Triceps Surae Neuromuscular Activity During Single-leg Jumping Tasks in Individuals After Anterior Crucia...

19. He X, Leong HT, Lau OY, Ong MTY, Yung PSH.
Altered neuromuscular activity of the lower-
extremities during landing tasks in patients with
anterior cruciate ligament reconstruction: a
systematic review of electromyographic studies. J
Sport Rehabil. 2020;29(8):1194-1203. doi:10.1123/
jsr.2019-0393

20. Rambaud AJM, Ardern CL, Thoreux P, Regnaux JP,
Edouard P. Criteria for return to running after
anterior cruciate ligament reconstruction: a scoping
review. Br ] Sports Med. 2018;52(22):1437-1444.
doi:10.1136/bjsports-2017-098602

21. Gokeler A, Welling W, Zaffagnini S, Seil R, Padua
D. Development of a test battery to enhance safe
return to sports after anterior cruciate ligament
reconstruction. Knee Surg Sports Traumatol Arthrosc
Off ] ESSKA. 2017;25(1):192-199. doi:10.1007/
s00167-016-4246-3

22. Biaty M, Kublin K, Wilczynski B, Forelli F, Gnat R.
Does concomitant meniscectomy or meniscus repair
affect muscle strength, lower extremity balance, and
functional tests after anterior cruciate ligament
reconstruction? J Clin Med. 2024;13(11):3310.
doi:10.3390/jcm13113310

23. Hermens HJ, Freriks B, Disselhorst-Klug C, Rau G.
Development of recommendations for semg sensors
and sensor placement procedures. J Electromyogr
Kinesiol Off ] Int Soc Electrophysiol Kinesiol.
2000;10(5):361-374. doi:10.1016/
$1050-6411(00)00027-4

24. Mokhtarzadeh H, Yeow CH, Hong Goh JC, Oetomo
D, Malekipour F, Lee PVS. Contributions of the soleus
and gastrocnemius muscles to the anterior cruciate
ligament loading during single-leg landing. J
Biomech. 2013;46(11):1913-1920. doi:10.1016/
j.jpiomech.2013.04.010

25. Vigotsky AD, Halperin I, Lehman GJ, Trajano GS,
Vieira TM. Interpreting signal amplitudes in surface
electromyography studies in sport and rehabilitation
sciences. Front Physiol. 2018;8:985. doi:10.3389/
fphys.2017.00985

26. Glattke KE, Tummala SV, Chhabra A. Anterior
cruciate ligament reconstruction recovery and
rehabilitation: a systematic review. ] Bone Jt Surg.
2022;104(8):739-754. d0i:10.2106/]BJS.21.00688

27. Maestroni L, Turner A, Papadopoulos K, et al.
Comparison of strength and power characteristics
before acl rupture and at the end of rehabilitation
before return to sport in professional soccer players.
Sports Health Multidiscip Approach.
2023;15(6):814-823. d0i:10.1177/19417381231171566

28. Forelli F, Moiroux-Sahraoui A, Mazeas J,
Dugernier ], Cerrito A. Rethinking the assessment of
arthrogenic muscle inhibition after acl
reconstruction: implications for return-to-sport
decision-making—a. Narrat rev J Clin Med.
2025;14:2633. doi:10.3390/jcm 14082633

29. Rocchi JE, Labanca L, Laudani L, Minganti C,
Mariani PP, Macaluso A. Timing of muscle activation
is altered during single-leg landing tasks after
anterior cruciate ligament reconstruction at the time
of return to sport. Clin J Sport Med.
2020;30(6):e186-€193. doi:10.1097/
JSM.0000000000000659

30. Forelli F, Moiroux-Sahraoui A, Mazeas ], Pengue
Koyi A, Labib M, Cerrito A. Gastrocnemius activation
deficits and running biomechanics after anterior
cruciate ligament reconstruction: the missing link?
Front Sports Act Living. 2025;7:1594247. doi:10.3389/
fspor.2025.1594247

31. Forelli F, Traulle M, Bechaud N, et al. Predict
anterior cruciate ligament injury in elite male soccer
players ? Focus on the five factors maximum model.
Int J Physiother. 2021;8(4). doi:10.15621/ijphy/2021
v8i4/1093

32. Saunders PU, Pyne DB, Telford RD, Hawley JA.
Factors affecting running economy in trained
distance runners. Sports Med. 2004;34:465-485.
doi:10.2165/00007256-200434070-00005

International Journal of Sports Physical Therapy


https://doi.org/10.1123/jsr.2019-0393
https://doi.org/10.1123/jsr.2019-0393
https://doi.org/10.1136/bjsports-2017-098602
https://doi.org/10.1007/s00167-016-4246-3
https://doi.org/10.1007/s00167-016-4246-3
https://doi.org/10.3390/jcm13113310
https://doi.org/10.1016/s1050-6411(00)00027-4
https://doi.org/10.1016/s1050-6411(00)00027-4
https://doi.org/10.1016/j.jbiomech.2013.04.010
https://doi.org/10.1016/j.jbiomech.2013.04.010
https://doi.org/10.3389/fphys.2017.00985
https://doi.org/10.3389/fphys.2017.00985
https://doi.org/10.2106/JBJS.21.00688
https://doi.org/10.1177/19417381231171566
https://doi.org/10.3390/jcm14082633
https://doi.org/10.1097/JSM.0000000000000659
https://doi.org/10.1097/JSM.0000000000000659
https://doi.org/10.3389/fspor.2025.1594247
https://doi.org/10.3389/fspor.2025.1594247
https://doi.org/10.15621/ijphy/2021/v8i4/1093
https://doi.org/10.15621/ijphy/2021/v8i4/1093
https://doi.org/10.2165/00007256-200434070-00005

	Triceps Surae Neuromuscular Activity During Single-leg Jumping Tasks in Individuals After Anterior Cruciate Ligament Reconstruction
	Background
	Hypothesis/Purpose
	Study Design
	Methods
	Results
	Conclusion
	Level of Evidence
	INTRODUCTION
	MATERIALS AND METHODS
	Study design
	Participants
	Maximal Isometric Torque
	Jumping tasks
	Outcome measures
	Statistical Analysis

	RESULTS
	Demographic and baseline characteristics

	DISCUSSION
	LIMITATIONS
	CONCLUSION
	Corresponding author
	Conflicts of interest

	References


