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Background and Purpose

Anterior cruciate ligament (ACL) rehabilitation typically follows a structured protocol for
progressive recovery. However, not all subjects achieve expected functional milestones,
despite adherence. Rehabilitation plateaus—defined as stagnation in physical
progress—are often underrecognized in musculoskeletal cases. The concept of
rehabilitation plateaus remains underexplored in musculoskeletal physiotherapy,
particularly in ACL reconstruction recovery. The purpose of this case series was to
explore clinical rehabilitation plateaus that occur during ACL reconstruction recovery, an
underrecognized phenomenon in sports rehabilitation.

Design

Retrospective case series.

Case Description

The first subject was a 36-year-old recreational badminton player who exhibited
psychological resistance to load training and inconsistent rehab compliance. The second
was a 16-year-old sub-elite football (soccer) player who experienced a three-month
interruption in formal rehabilitation following early discharge from club-based care. In
both cases, rehabilitation plateaus were identified as the persistence of deficits in
unilateral strength, dynamic control, and return-to-sport progression, based on repeated
objective assessments including muscle strength testing, balance tasks, and functional
running and sport-specific criteria.

Outcomes

Both subjects demonstrated a period of stagnation during the transition from isolated
strengthening to functional and sport-specific rehabilitation phases. This was identified
through repeated physiotherapist-led assessments showing persistent quadriceps and
hamstring strength asymmetry, reduced single-limb control, and delayed progression
toward return-to-sport criteria beyond seven months post-operatively. Following
targeted rehabilitation modifications—including aquatic therapy to facilitate load
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tolerance and perceptual-neurocognitive training to address movement control and
decision-making, improvements were observed in strength symmetry, dynamic task
performance, and functional sport-related activities.

Conclusion

Rehabilitation plateaus represent a significant yet underrecognized challenge in ACL
recovery. These clinical checkpoints often arise from mismatches between stimulus and
readiness require adaptive, athlete-specific strategies to overcome. Adaptive strategies
beyond standard protocols such as contextual movement planning, progressive overload,
and perceptual training—may help resolve these plateaus and optimize outcomes. These
cases emphasize the need to evolve beyond timeline-driven rehabilitation and embrace
outcome-centered, personalized care in ACL physiotherapy.

INTRODUCTION

The Anterior cruciate ligament (ACL) is a key stabilizer of
the knee joint, providing resistance against anterior tibial
translation and rotational forces. It also contributes to pro-
prioceptive control during high-speed and pivoting athletic
activities.l:2 Biomechanically, the ACL plays a vital role
in proprioception and load transfer during tasks involving
cutting, deceleration, or rapid change of direction common
actions in sports such as football, badminton, and basket-
ball. The anterior cruciate ligament can rupture through
contact or non-contact mechanisms, resulting in altered
knee biomechanics, impaired neuromuscular control, and
functional instability.3-6

Surgical reconstruction is widely accepted as the gold
standard for restoring mechanical integrity, particularly in
active individuals. However, the long-term success of ACL
reconstruction depends more heavily on post-operative re-
habilitation than on the surgical technique itself.”-¢ Re-
habilitation is designed to follow a phase-wise model be-
ginning with pain control and range of motion, followed
by progressive strengthening, proprioceptive training, and
culminating in return-to-sport (RTS) activities.> Despite
the development of criterion-based RTS guidelines and
neuromuscular training protocols, many subjects experi-
ence non-linear recovery, where expected improvements
either stall or regress.

One often overlooked phenomenon in ACL rehabilitation
is the rehabilitation plateau, defined as a phase in which
physical, neuromuscular, or functional progress slows or
stagnates despite adherence to a structured rehabilitation
program.! Although well described in neurological reha-
bilitation and other orthopaedic conditions, rehabilitation
plateaus remain underrecognized and insufficiently ex-
plored in sports injury literature, particularly following ACL
reconstruction.

In stroke recovery, plateaus are commonly described as
points where motor or cognitive recovery halts, despite on-
going therapy.1011 In orthopedic conditions such as total
knee arthroplasty, recovery trajectories demonstrate a pre-
dictable slowing of range-of-motion gains beyond the early
postoperative period.12:13 While this reflects an expected
procedural recovery ceiling rather than pathological stag-
nation, it provides a useful framework for understanding
how biological and neuromotor adaptation limits may also
influence recovery pacing in ACL rehabilitation. These ob-

servations suggest that rehabilitation plateaus may be in-
fluenced by neuroplastic adaptation limits, persistent neu-
romuscular inhibition, soft tissue adaptation thresholds,
psychological fatigue, and insufficient progression of ther-
apeutic loading—mechanisms that have been widely de-
scribed in neurorehabilitation and neuromuscular control
literature and are increasingly recognized as relevant to
ACL rehabilitation.1-4

These plateaus may emerge during critical transition
points, such as moving from isolated strength to explosive
single-leg loading or from basic drills to sport-specific reac-
tivity. Biologically, this may relate to persistent quadriceps
inhibition, altered cortico-motor excitability, or compen-
satory movement strategies.!415 Psychologically, fear of
reinjury, low confidence, or mental burnout may limit load
acceptance.l6:17 Moreover, external factors such as incon-
sistent rehabilitation attendance, poor therapist commu-
nication, and inadequate overload progression can further
increase the likelihood of plateau onset!8-20 and failure
to integrate neurocognitive strategies?! can all lead to ex-
tended recovery periods and plateaus in both youth and
adult populations.

Plateaus may occur at any phase of rehabilitation but are
particularly evident during the transition from mid-stage
recovery—focused on strength and motor control—to ad-
vanced sport-specific loading.22:23 During this phase, in-
creasing physical demands require not only adequate mus-
cular capacity but also precise neuromuscular coordination
and load tolerance. When these requirements are not met,
athletes may demonstrate delayed progression, persistent
asymmetries, or difficulty advancing to higher-level func-
tional and sport-specific tasks.

In rehabilitation science, plateaus are not necessarily
permanent but represent an adaptive ceiling based on cur-
rent stimuli. Breaking through this ceiling often requires a
shift in strategy from traditional strengthening to cogni-
tive-motor integration, sensory-perceptual retraining, and
contextual movement planning.l24 Recognizing and re-
sponding to these plateaus is critical. Rehabilitation
progress is not linear, and progression should be adapted to
match the athlete’s physical response and neurocognitive
readiness.22:25

Established rehabilitation strategies such as aquatic
therapy (which reduces joint impact while maintaining
neuromuscular engagement) and perceptual-neurocogni-
tive training (which targets central reprogramming of
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movement) offer promising avenues for working through
plateaus and enhancing return-to-performance outcomes.$
921,26 By presenting two cases the authors aim to:

e Define and contextualize rehabilitation plateaus
within ACL recovery

 Identify modifiable and non-modifiable risk factors
contributing to stagnation

» Demonstrate the efficacy of adaptive rehabilitation
techniques, including gym-based strength, aquatic
therapy, and perceptual-neurocognitive program-
ming

» Advocate for early recognition and intervention to
prevent long-term return-to-sport delay or failure

Therefore, the purpose of this case series was to explore
clinical rehabilitation plateaus that occur during ACL re-
construction recovery, an underrecognized phenomenon in
sports rehabilitation.

CASE DESCRIPTION, SUBJECT 1: 36-YEAR-OLD
RECREATIONAL ATHLETE FOLLOWING ACL
RECONSTRUCTION

Informed consent was obtained from the subject for the use
of clinical data and related images.

Case-1, a 36-year-old recreational badminton player and
private business owner, sustained a non-contact ACL injury
on his left knee approximately 10 weeks prior to surgery.
The surgical reconstruction utilized a patellar tendon graft,
confirmed by intraoperative imaging with the final arthro-
scopic suture fixation visualized clearly (Figure 1) (Figure
2). The subject was right-leg dominant with no associated
injuries. The subject had a prior history of low-level gym
training, mostly cardio-focused, and had consistently
avoided weight training due to repeated physical discom-
fort after lifting — including fever, muscle soreness, and
nausea-like sensations. This history became a significant
barrier during the strength-building phases of rehabilita-
tion.

Following surgery, the subject completed a four-week
inpatient and home-based rehabilitation program focused
on pain management, early range-of-motion restoration,
and quadriceps activation. Structured physiotherapy was
initiated approximately four weeks post-surgery, following
early therapeutic programming. During the early weeks,
his commitment was strong — performing exercises twice
daily, including heel slides, SLRs, towel-assisted flexion,
patellar mobilization, and wall-assisted movement drills.
By the end of Phase 2 of the rehabilitation protocol, the
subject had progressed to weight-bearing ambulation with
crutches and achieved approximately 100° of knee flexion
with full extension.

The subject progressed steadily through Phase 1 (Weeks
1-4) and Phase 2 (Weeks 4-8). These phases included wall-
assisted flexion, prone hangs, patellar mobilization, active
heel slides, towel-assisted knee flexion, and SLR variations
in multiple positions. In the early rehabilitation phase, a
modified wooden board-assisted knee flexion exercise was
used to re-educate the range of motion (Figure 3). He was

Figure 1. Arthroscopic image during ACL graft with
visible suture inside the joint

Figure 2. intraoperative photo of ACL reconstruction
procedure showing the patellar graft preparation

able to perform partial weight-bearing gait training and
early hip-strengthening drills using resistance bands. The
subject achieved full weight-bearing walking with a brace
and reached 130° knee flexion by the end of Phase 2.

In Phase 3 (Weeks 8-16), strengthening efforts focused
on isolated quadriceps and hamstring work, primarily
through isometric quad sets at 0°, 30°, and 60°, resistance
band exercises, and supported functional drills such as mini
squats, wall squats, and step-ups. The subject also per-
formed cycling, single-leg balance tasks, terminal knee ex-
tensions with bands, and calf raises. However, this is where
the subject’s fear of weight training became evident. As
work demands increased, his exercise frequency dropped
from twice daily to once daily and eventually became incon-
sistent. Despite therapist feedback, he frequently skipped
sessions, which limited his progression. His fear of resis-
tance training led to the refusal of free-weight-based exer-
cises.
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Figure 3. Knee flexion re-education with modified
wooden sliding board for early to mid-stage functional
mobility

The subject demonstrated a preference for machine-
based resistance exercises and avoided free-weight and dy-
namically loaded strength tasks, such as barbell squats,
deadlifts, and high-load multi-joint drills. His strengthen-
ing program therefore remained limited to controlled ma-
chine-based exercises, including leg press at 45° and 75°
knee flexion angles, seated hamstring curls, and submaxi-
mal isometric resistance tasks.

Despite adherence to this modified strengthening ap-
proach, objective assessment revealed that he was substan-
tially behind expected strength recovery benchmarks for
this phase of rehabilitation. At 7-8 months post-operation,
handheld dynamometry demonstrated persistent quadri-
ceps and hamstring strength deficits exceeding 25% com-
pared to the contralateral limb, well below commonly cited
return-to-sport thresholds of >90% limb symmetry. Func-
tional progression was further limited by reduced tolerance
to progressive loading and inability to advance to free-
weight or plyometric tasks, indicating delayed neuromus-
cular and strength restoration.

Phase 4 (Weeks 16-28) introduced more advanced
strength and sports-specific tasks. As strengthening pro-
gressed, the subject performed resistance band-supported
wall squats to improve neuromuscular control and weight
acceptance (Figure 4), bilateral and single-leg squats at var-
ious angles (30°, 60°, 90°), split squats, lateral band walks,
lunges, mountain climbers, balance training on unstable
surfaces, and step-ups with variable box heights. He also
attempted speed-walking and light jogging drills. During
this period, the subject remained consistent with exercises
like light dumbbell squats, single-leg stance balance work,
ball squeeze drills for VMO activation, and agility tasks on
level surfaces. However, The subject avoided performance
of resisted lunges, power-based single-leg drills, and explo-
sive tasks due to discomfort and psychological hesitation.
Although he engaged in the program, his overall intensity
and load progression were limited.

Between Weeks 24 and 28 post-operation, progression in
strength and functional capacity began to slow; however,
this was initially obscured by the subject’s continued toler-
ance of low-load, machine-based strengthening exercises.
By approximately Week 31 (7 months post-operation), the
plateau became clinically evident when repeated reassess-

A\

Figure 4. Sustained squat with resistance band in late
stage of rehabilitation.

ments failed to demonstrate further improvements in
quadriceps and hamstring strength despite ongoing reha-
bilitation participation.

The subject also reported a qualitative change in post-
training response. Earlier in rehabilitation, post-exercise
muscle tightness was perceived as indicative of effective
muscle activation and adaptation. During this later phase,
however, similar sensations were transient and no longer
translated into sustained strength gains or functional im-
provements. The combination of persistent strength asym-
metry, limited progression beyond machine-based loading,
and lack of measurable improvement despite continued re-
habilitation led to formal identification of a rehabilitation
plateau—defined as stagnation in physical and neuromus-
cular progress despite adherence to a structured protocol.

Throughout all phases of rehabilitation, aquatic therapy
was incorporated as a complementary method. In the initial
phase, aquatic-based movement helped the subject regain
strength and coordination with reduced joint load. Under-
water walking, supported squats, and leg movements al-
lowed pain-free activation of key muscle groups. As reha-
bilitation advanced, hydrotherapy sessions were used for
active recovery post-strength training and to support car-
diovascular reconditioning. These sessions improved over-
all comfort and allowed the subject to train without fear of
injury.

These previously identified factors avoidance of higher-
load resistance training and inconsistent rehabilitation at-
tendance persisted during this phase and contributed to the
sustained lack of strength adaptation. He was mentally fa-
tigued, frustrated by the lack of improvement, and became
hesitant to continue sports-specific drills. Despite complet-
ing the full structured protocol, his progression from partial
strength to full strength never fully occurred. This transi-
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tion, often the most demanding and decisive part of post-
ACL rehab, became the stage where the rehabilitation
plateau became fully apparent.

CLINICAL DECISION-MAKING AND PROGRAM
MODIFICATION FOLLOWING PLATEAU IDENTIFICATION

Upon identification of a rehabilitation plateau, the treating
therapist modified the rehabilitation program to better
align with the subject’s physical tolerance, psychological
readiness, and observed neuromuscular deficits. Given the
subject’s continued avoidance of free-weight exercises, the
program emphasized tolerated machine-based resistance
training (e.g., leg press and hamstring curls), prolonged
isometric holds at 30°-90° of knee flexion, and lateral walk-
ing drills using resistance bands. Heel raise exercises with
resistance bands were incorporated to improve calf activa-
tion and lower-limb coordination during late-stage rehabil-
itation.

To address persistent proprioceptive and coordination
deficits, additional interventions included ball-control
tasks, balance board exercises, and step-down drills. Mod-
ified agility activities—such as controlled lateral stepping,
stair training, and sustained squatting on uneven sur-
faces—were introduced to safely re-expose the subject to
functional loading demands. Aquatic therapy was contin-
ued as an adjunct for active recovery, circulation enhance-
ment, and pain-free movement exposure. Collectively,
these targeted modifications were intended to maintain
functional capacity, address neuromuscular limitations,
and prevent further regression while respecting the sub-
ject’s load tolerance and engagement level.

OUTCOMES

At the 12-month review, the subject had no complaints of
pain (VAS: 0). Thigh girth was measured using a standard
flexible measuring tape at a fixed distance proximal to the
superior pole of the patella, with the subject positioned
supine and the limb relaxed. Quadriceps girth increased
from 49.0 cm to 51.2 cm over the course of rehabilitation.
While girth measurement does not directly quantify muscle
strength or neuromuscular control, it was used in this case
as a supplementary indicator of muscle mass restoration.

Functional strength and motor control were primarily
inferred through single-leg squat quality, step-down per-
formance, balance task execution, and tolerance to pro-
gressive loading during functional drills, rather than girth
alone. Persistent deficits in single-leg control, endurance
during closed-chain tasks, and inability to progress to
higher-load or dynamic activities were key clinical indica-
tors used to identify the rehabilitation plateau. The sub-
ject was able to walk independently, climb stairs, and carry
out daily tasks, however, he could not jog or return to sport
comfortably. The subject made a personal decision to step
away from competitive badminton and instead engage in
the sport recreationally for fitness and enjoyment.

This case illustrates a clinically observable ACL rehabili-
tation plateau, characterized by stagnation in strength pro-
gression, loading tolerance, and functional advancement

despite completion of a phase-wise rehabilitation program.
Between postoperative months 6 and 8, the subject demon-
strated minimal improvement in functional task tolerance
and was unable to progress beyond partial strength gains.
Although quadriceps girth showed only marginal change
during this period, functional performance deficits and lim-
ited tolerance to increased loading were the primary indi-
cators used to identify the plateau.

The plateau appeared multifactorial in nature, influ-
enced by limited exposure to high-resistance training, psy-
chological apprehension toward load progression, and in-
consistent  rehabilitation  attendance related to
occupational demands. Motivation was not quantified using
a formal psychometric scale; however, reduced engagement
was clinically inferred from inconsistent participation, re-
duced exercise adherence, and expressed frustration during
advanced rehabilitation stages. Identification of the plateau
allowed for targeted program modification, which helped
preserve functional capacity, although full return-to-sport
readiness was not achieved within the study period.

CASE DESCRIPTION, SUBJECT 2: 16-YEAR-OLD
SUB-ELITE FOOTBALL (SOCCER) PLAYER
FOLLOWING ACL RECONSTRUCTION

Informed consent was obtained from the subject for the use
of clinical data and related images. The subject of case 2
was16-year-old sub-elite football (soccer) player, who sus-
tained a contact ACL injury on his left knee during a defen-
sive tackle in a competitive match. The subject was imme-
diately removed from the field due to knee swelling, pain,
and instability. MRI confirmed a complete ACL tear with
no additional ligament or meniscal damage. He underwent
ACL reconstruction using a patellar tendon graft. Prior to
injury, the subject regularly participated in district- and
school-level tournaments as a central midfielder and was
highly committed to his football career.

Post-surgery, the subject’s rehabilitation was initially
managed by the physiotherapy team associated with his
football club. While the early phase included standard com-
ponents such as brace-supported walking, ankle pumps, as-
sisted heel slides, static quadriceps activation, TheraBand
drills, cycling, and proprioceptive balance exercises, the
program lacked progression, load management, and struc-
tured neuromuscular re-education. Although well-in-
tended, the initial rehabilitation did not adequately match
the performance demands of a young sub-elite athlete. Af-
ter three months of basic rehabilitation, the club sessions
were concluded, and unfortunately, the athlete did not re-
ceive further structured rehabilitation for the following
three months. Importantly, despite resumption of struc-
tured rehabilitation after this interruption, the athlete
demonstrated persistent deficits in neuromuscular timing,
perceptual processing, and sport-specific movement effi-
ciency, indicating a true rehabilitation plateau rather than
a simple delay in care.

This three-month gap occurred during a critical strength
and neuromuscular development window, resulting in a
significant delay in physical progress and return-to-sport
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readiness. When the subject presented to the authors’
physiotherapy facility approximately seven months post-
operatively, he was pain-free but displayed clear signs of
physical deconditioning.

The clinical examination revealed visible quadriceps at-
rophy, poor balance, reduced single-leg control, diminished
muscular strength, asymmetry during squatting tasks, de-
layed muscle response during dynamic drills, and hesita-
tion while attempting directional changes. Explosive me-
chanics tasks requiring rapid force production and
neuromuscular coordination required for dynamic tasks
such as jumping, sprint initiation, deceleration, and
change-of-direction movements were diminished. The sub-
ject reported that he did not feel “stable” or “strong” when
attempting to perform high-speed football movements.
Muscle strength was assessed isometrically using a hand-
held dynamometer. At eight months post-surgery, the in-
jured limb quadriceps strength measured 16.8 kg and ham-
string strength 18.5 kg, compared to the uninvolved side
quadriceps 22.4 kg and hamstring 21.3 kg. (Table 1)

Despite following a standard rehabilitation plan earlier,
it was clinically observed that the subject demonstrated
persistent deficits in movement quality, single-limb con-
trol, and confidence during sport-specific tasks, suggesting
reduced readiness required for return to sport. Following
re-entry into structured rehabilitation, deficits persisted in
neuromuscular control and explosive function, as evi-
denced by poor single-leg stability during dynamic tasks,
delayed force generation during push-off, and impaired co-
ordination during change-of-direction activities. Func-
tional assessment revealed reduced single-leg control dur-
ing hop and landing tasks, diminished reactive response
during externally cued agility drills, and inconsistent move-
ment sequencing during sport-specific activities.

Although training exposure and attendance improved af-
ter resumption of care, the athlete failed to demonstrate
expected progression in explosive lower-limb function or
neuromuscular integration required for high-speed football
actions. These findings indicated that the rehabilitation
plateau reflected a prolonged stagnation in neuromuscular
and motor control recovery rather than insufficient rehabil-
itation duration alone. The plateau was therefore charac-
terized primarily by impaired brain-body integration, lim-
iting effective force production, reactive control, and
sport-specific movement execution.

CLINICAL DECISION-MAKING AND PROGRAM
MODIFICATION FOLLOWING PLATEAU IDENTIFICATION

A new rehabilitation strategy was initiated when this sub-
ject began therapy with the authors, focusing first on re-
gaining isolated strength and neuromuscular control.
Strength exercises included machine-based leg press, ham-
string curls (progressed from isometric to eccentric), Span-
ish squats, step-ups with increasing resistance and height,
Romanian deadlifts, single-leg wall sits, and balance board
drills.Upon resumption of therapy, the patient progressed
through foundational motor tasks, including jogging in
place (Figure 5), to reintroduce neuromotor demand under
controlled conditions. Given the patient’s age, recovery po-

Figure 5. Standing jogging in place task used as an
early stage dynamic warm up

tential, and demonstrated engagement with rehabilitation,
gradual progression to gym-based resistance training was
initiated under close supervision.

Strength progression was monitored through repeated
clinical strength testing and functional task performance.
Following introduction of controlled barbell squats, dead-
lifts, and dumbbell-based single-leg exercises, reassess-
ment demonstrated improved symmetry during bilateral
and unilateral loading tasks, increased tolerance to external
resistance, and improved movement quality during squat-
ting and step-down activities. Additionally, single-leg func-
tional tasks showed improved control and reduced com-
pensatory strategies compared with earlier assessments,
supporting observed improvements in quadriceps activa-
tion and overall lower-limb strength.

Recognizing that the athlete’s performance was limited
by more than strength, the program was further advanced
with perceptual-neurocognitive training. These drills aimed
to rewire brain-body integration, sharpen field awareness,
and retrain reactive movement patterns. Dual-task drills
incorporating visual-cognitive load, such as ball reception
with cone awareness, were introduced to simulate sport-
specific coordination (Figures 6, 7).

Aquatic therapy was used throughout the program to as-
sist with joint unloading and active recovery. Water-based
walking, squatting, and light leg movements in the pool al-
lowed him to train safely on off days, reducing joint fatigue
and supporting psychological confidence.

This foundational phase after time away from therapy
served to restore baseline strength and movement coor-
dination, but more advanced and individualized strategies
were needed to address the plateau and reintroduce sport-
specific performance.
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Figure 6. Perceptual-motor balance task performed in
single-leg stance. The athlete maintains single-leg
balance while responding to externally cued foot-touch
targets placed unpredictably in different directions,
requiring rapid visual processing, anticipatory
postural adjustment, and reactive lower-extremity
control under cognitive load.

Figure 7. Reactive split-jump agility drill incorporating
perceptual decision-making. The athlete performs
repeated split-jump landings while responding to
externally provided visual cues indicating directional
movement or task execution, requiring rapid lower-
extremity force production, reactive ground contact
control, and cognitive-motor integration under
dynamic conditions.

The subject progressed to performance of wall-based
laser pointer tracking to address control of knee alignment,
externally cued foot-tap drills requiring rapid visual stim-
ulus recognition and immediate lower-extremity response,
and dual-task exercises that combined agility with verbal or
memory cues. These strategies helped challenge his mind
and movement simultaneously, preparing him for the dy-
namic, high-stimulus nature of football.

Figure 8. Reactive foot-tap drill in which the athlete
responds to randomly presented visual cues by rapidly
contacting designated floor targets, challenging visual
processing speed, neuromotor control, and lower-
extremity coordination

In the later stage of rehabilitation, specific focus was
given to position-specific perceptual drills, tailored for his
role as a central midfielder. Verbal-cue-based lateral drills,
tailored to his midfield football role, were crucial for restor-
ing functional agility (Figure 8). 360° cone scanning with
ball reception, directional passing under time constraints,
agility-based decision-making tasks, and reactive running
with changing cues. Controlled ball handling under visual
distraction and small-space turn-and-pass combinations
were also integrated. These drills improved his sport per-
ception, helped restore his timing and vision, and gradually
reconnected him to real-match demands.

OUTCOMES

By the end of the ninth postoperative month, the athlete
demonstrated measurable improvements in lower-limb
strength and functional performance. Reassessment re-
vealed improved symmetry during loaded squatting tasks,
enhanced control during single-leg hop activities, and im-
proved tolerance to repeated agility-based movements with
reduced fatigue. These functional gains coincided with im-
proved confidence during change-of-direction tasks and in-
creased engagement in the sport-readiness phase of reha-
bilitation.

Objective strength testing using a handheld dynamome-
ter demonstrated progressive improvement in quadriceps
and hamstring strength over time, with restoration of limb
symmetry by 12 months post-surgery (Table 1).

By the 14th to 15th month, the subject successfully re-
entered team training under supervision, first in non-con-
tact sessions and then in full-contact play. At the time of
final review, he had returned to competitive football with
no pain, good quadriceps symmetry, strong perceptual con-
trol, and renewed field confidence. The subject continued
periodic neurocognitive and perceptual drills as part of his
long-term performance maintenance plan.

This case represents a clear example of a rehabilitation
plateau in a youth athlete, triggered not by reinjury or sur-
gical complications, but by a lack of progressive overload,
insufficient neuromuscular challenge, psychological with-
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Table 1. Quadriceps and hamstring muscle strength outcomes for the injured and uninjured legs the subject of
case 2 at 8 and 12 months post-ACL reconstruction, measured by handheld dynamometry

Time Point Limb Quadriceps Strength (kg) Hamstring Strength (kg)
8 months post-op Injured 16.8 18.5
8 months post-op Uninjured 224 21.3
12 months post-op Injured 24.1 22.3
12 months post-op Uninjured 235 221

drawal, and a critical gap in training continuity. The ath-
lete’s initial recovery stalled not because of lack of effort,
but due to an early-stage program that lacked specificity
and later disruption in rehabilitation.

The use of advanced techniques such as perceptual-neu-
rocognitive drills, position-specific movement training, and
active recovery through aquatic therapy helped re-engage
his brain-body connection and athletic confidence. This
multifactorial, individualized approach proved essential in
overcoming the plateau and guiding a successful return
to sport. The plateau was only overcome after the intro-
duction of targeted perceptual-neurocognitive training and
position-specific reactive drills, further supporting that the
stagnation reflected a central neuromuscular limitation
rather than the earlier interruption in care alone. To ad-
dress the identified plateau, rehabilitation focus was shifted
from volume-based strengthening to targeted late-stage
strategies emphasizing neuromuscular timing, perceptual
processing, and task-specific loading. This approach aimed
to reintroduce adaptive stimuli capable of overcoming the
observed stagnation.

DISCUSSION

Rehabilitation following anterior cruciate ligament (ACL)
reconstruction is often conceptualized as a linear progres-
sion through predefined phases; however, the present cases
illustrate that recovery trajectories are frequently non-lin-
ear. Both cases demonstrate that rehabilitation plateaus
may emerge when the applied rehabilitation stimulus fails
to match the evolving biological, neuromuscular, or psy-
chological needs of the athlete. Rather than reflecting fail-
ure of surgery or non-compliance, plateaus in these cases
represented periods of insufficient adaptive stimulus rela-
tive to recovery stage.

In Case 1, the rehabilitation plateau appeared to develop
gradually during the transition from isolated strengthening
to higher-load functional demands. Although early rehabil-
itation progressed appropriately, the patient’s long-stand-
ing aversion to resistance training limited exposure to pro-
gressive overload. Psychological apprehension regarding
weight training, compounded by occupational stress and
inconsistent training frequency, likely contributed to sub-
threshold mechanical loading. From a physiological stand-
point, insufficient load variability and intensity may have
limited neuromuscular adaptation, particularly in late-
phase strength and power development. Earlier identifi-
cation of stagnation—through systematic monitoring of

strength progression, load tolerance, and functional trans-
fer—may have allowed targeted education addressing fear-
avoidance beliefs and gradual exposure to resistance train-
ing before strength deficits became entrenched.

In contrast, the plateau observed in Case 2 was abrupt
and temporally linked to a prolonged interruption in re-
habilitation during a critical neuromuscular development
window. The absence of structured loading and sport-spe-
cific stimulation during early recovery likely impaired mo-
tor pattern consolidation and neurosensory integration.
When rehabilitation resumed, deficits were evident not
only in strength but also in reactive control, movement
sequencing, and perceptual-motor coordination. This sug-
gests that the plateau in Case 2 was driven less by psy-
chological resistance and more by delayed neuromuscular
maturation resulting from early under-stimulation. Impor-
tantly, youth status alone did not confer protection against
stagnation when rehabilitation continuity and task speci-
ficity were insufficient.

The differing mechanisms underlying plateau develop-
ment in these cases underscore that rehabilitation stagna-
tion is not a uniform phenomenon. In Case 1, the plateau
reflected a failure to progress from partial to high-load
strength adaptation, whereas in Case 2, it reflected im-
paired translation of neuromuscular capacity into sport-
specific performance. Recognition of these distinctions is
critical, as intervention strategies must be aligned with
the dominant limiting factor—whether mechanical loading
tolerance, neuromuscular integration, or perceptual readi-
ness.

Intervention strategies were therefore tailored to the un-
derlying contributors in each case. In Case 1, program mod-
ification focused on restoring confidence with loading
through controlled resistance exposure, isometric holds,
and proprioceptive exercises, supported by aquatic therapy
to reduce joint stress and improve tolerance. Despite func-
tional improvement, the absence of sustained high-load ex-
posure limited progression to full sport readiness. In Case
2, rehabilitation emphasized restoration of neuromotor
timing and perceptual-motor integration through dual-task
training, externally cued agility, and position-specific de-
cision-making drills. This approach successfully addressed
the neurocognitive contributors to stagnation and facili-
tated return to competitive sport. A comparative overview
of patient characteristics, rehabilitation trajectories,
plateau mechanisms, and post-plateau interventions for
both cases is provided in Table 2.
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Table 2. Comparative summary of clinical characteristics and rehabilitation plateaus in two ACL reconstruction

cases.

PARAMETER

CASE 1: (36-YEAR-OLD
RECREATIONAL ATHLETE)

CASE 2: (16-YEAR-OLD SUB-ELITE FOOTBALL
PLAYER)

Injury mechanism

Non-contact injury during recreational
badminton

Contact injury while defending during a competitive
football match

Surgery type

ACL reconstruction using patellar
tendon graft

ACL reconstruction using patellar tendon graft

Rehabilitation onset

Immediate post-surgical rehab; phase-
wise and structured

Early rehab at club; disrupted for 3 months; resumed
after this gap

Initial rehab quality

Well-structured protocol, supervised by
therapist

Club protocol; lacked progression and specificity for
high-performance needs

Compliance & frequency

High at first (2x/day), later inconsistent
due to work and mental fatigue

High motivation after restart; consistent and focused
in advanced phases

Psychological factors
observed

Fear of resistance training; frustration
from slow results; loss of motivation

Highly motivated after restart; minor confidence
dips during on-field testing

Key rehab limitation

Avoidance of free weights and
underloading

Rehab discontinuity; under-stimulated early rehab;
lack of sports-specific load

Plateau phase timing

Around 7th month post-op

Around 9th month post-op

Symptoms during plateau

Muscle tightness diminished quickly
after training; lack of lasting effect

Could complete rehab drills but lacked reactive
control and confidence on field

Therapist intervention
timing

Plateau identified and addressed during
mid-stage rehab

Restarted program at 7 months; plateau managed
through new structured plan

Strength / muscle mass
outcome

Quadriceps girth improved from 49 cm
to51.2cm

Quadriceps girth improved from 41 cm to 44.2 cm

Targeted Late-Stage
Rehabilitation
Interventions

Machine-based strength,
proprioception, aqua therapy

Gym-based resistance, perceptual-neurocognitive
drills, position-specific training, aqua therapy

Use of aquatic therapy

Used in all phases: strength for support
and post-exercise recovery

Used in mid and late phases: for joint unloading and
mental relief

Outcome

Returned to recreational play only

Returned to full-contact competitive football

Time to functional return

12 months

15 months

Collectively, these cases highlight that rehabilitation
plateaus should be viewed as clinical signals indicating a
mismatch between rehabilitation stimulus and athlete
readiness rather than as endpoints of recovery. Earlier iden-
tification—through systematic assessment of strength pro-
gression, functional transfer, and neuromuscular con-
trol—may allow clinicians to intervene proactively.
Addressing plateaus requires flexibility in program design,
targeted education, and integration of strength, neurocog-
nitive, and perceptual-motor strategies. Recognizing and
responding to stagnation may help optimize recovery tra-
jectories and reduce prolonged or incomplete return-to-
sport outcomes. From a clinical perspective, recognizing
rehabilitation plateaus as checkpoints rather than failures
allows clinicians to reassess loading strategies, neuromotor
demands, and psychological readiness, and to adapt reha-
bilitation accordingly rather than relying on rigid, time-
based progression. The key contributing factors associated
with rehabilitation plateau development in both cases are
summarized in Table 3.

This case series is limited by the utilization of only two
cases, and the absence of validated patient-reported out-
come measures to formally assess outcomes and psycholog-
ical or motivational factors contributing to rehabilitation

plateau. Additionally, follow-up was limited to the short-
to-medium term, and long-term outcomes such as sus-
tained sport participation or re-injury risk were not eval-
uated. Future investigations should explore rehabilitation
plateaus in larger cohorts, incorporate objective strength
and neuromuscular assessments alongside psychological
screening tools, and evaluate targeted interventions aimed
at identifying and addressing stagnation earlier in the re-
habilitation process.

CONCLUSION

Rehabilitation following anterior cruciate ligament recon-
struction is not always linear, and structured, time-based
protocols alone may fail to accommodate individual vari-
ability in physical, neuromuscular, and psychological adap-
tation. The two presented cases illustrate that rehabili-
tation plateaus can emerge despite protocol adherence,
reflecting a mismatch between rehabilitation stimulus and
athlete readiness rather than surgical failure or non-com-
pliance. These plateaus manifested through distinct mech-
anisms in each case, including resistance to progressive
loading, disrupted rehabilitation continuity, and delayed
neuromuscular or perceptual-motor integration. Early
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Table 3. Contributing factors to ACL rehabilitation plateau in Case 1 and Case 2

Factor category

Case 1: (36-year-old recreational athlete)

Case 2: (16-year-old sub-elite football player)

Rehabilitation
Continuity

Consistent early rehab; later disrupted due to
work and decreased motivation

Rehab discontinued for 3 months post-club;
delayed advanced-phase progression

Resistance Load
Progression

Avoided resistance and free-weight training due to
prior fear of systemic responses

Underloaded early-phase rehab; lacked progressive
overload before restart

Neuromuscular
Re-education

Limited due to inconsistent training and non-
specific task execution

Delayed and incomplete neuromuscular control
and reactivity in field-based movements

Psychological

Fear of discomfort, fatigue, and re-injury; low

Minor hesitation; temporary confidence issues;

Barriers motivation for intense training generally motivated and compliant
Exercise Started with 2 sessions/day; reduced to 1, then Maintained consistent rehab frequency after
Frequency became irregular restarting under new supervision
Therapy Program Phase-wise and structured, but limited Early rehab lacked individualization, intensity, and

Quality (Initial)

progression due to subject’s weight training
avoidance

sports-specific focus

Sports-Specific
Load Exposure

Avoided single leg plyometrics and resisted agility
drills

Lacked early return-to-sport drills; only introduced
late in rehab phase

Recognized after restart; managed with advanced
neurocognitive and position-specific training.

Plateau Identified by therapist during mid-stage; modified
Recognition & rehab to machine-based and functional load
Management

recognition of stagnation through systematic reassessment
allows clinicians to modify rehabilitation strategies by ad-
justing loading parameters, incorporating neuromotor and
perceptual demands, and addressing psychological barriers.
Viewing the rehabilitation plateau as a clinical inflection
point rather than a setback may facilitate more individual-
ized, outcome-driven rehabilitation and improve return-to-
sport readiness following ACL reconstruction.
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