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Comparative Effects of Therapeutic Exercise versus Muscle Energy
Technique Combined with Transcutaneous Electrical Nerve Stimulation
on Pain, Range of Motion, and Functional Outcomes after Anterior
Cruciate Ligament Reconstruction: A Prospective Pilot Study

Danishta', Nitesh Kumar Meena', Ajeet Kumar Saharan’, Mayank Kumar’, Shantanu Sharma’,
Ruma Rajbhar’

Learning Point of the Article:
In this pilot study, multimodal rehabilitation using either Therapeutic Exercise or Muscle Energy Technique combined with TENS was
associated with improvements in pain, range of motion, and functional outcomes during early recovery following ACL reconstruction.
These findings are preliminary and should be interpreted with caution.

Introduction: Aim and Background: Anterior cruciate ligament (ACL) reconstruction is frequently followed by post-operative pain, restricted
knee range of motion (ROM), and functional limitations. Multimodal rehabilitation approaches, such as therapeutic exercise (TE), muscle
energy technique (MET), and transcutaneous electrical nerve stimulation (TENS) are commonly used; however, comparative evidence on
combined interventions remains limited. This study aimed to compare the effects of TE combined with TENS and MET combined with TENS
on painintensity, knee ROM, and functional outcomes following ACL reconstruction.

Materials and Methods: A prospective, non-randomized pilot study was conducted on 40 participants (18-40 years) who had undergone ACL
reconstruction. Participants were allocated into two groups: Group A received TE plus TENS, and Group B received MET plus TENS.
Interventions were administered for S weeks. Outcome measures included the numeric pain rating scale (NPRS), goniometric assessment of
knee flexion and extension, and the knee injury and osteoarthritis outcome score (KOOS). Assessments were performed at baseline, Day 14, and
Day 35. Data were analyzed using repeated-measures analysis of variance with posthoc comparisons.

Results: Both groups demonstrated significant reductions in pain intensity over time (P < 0.001). A significant Time x Group interaction (P =
0.017) indicated statistically faster early pain reliefin the MET + TENS group. Knee flexion and extension improved significantly in both groups
(P < 0.001), with no significant between-group differences (P = 0.115). KOOS subscale scores (pain, symptoms, activities of daily living,
sports/recreation, and quality oflife) improved significantly in both groups (P < 0.001), with comparable functional gains (P =0.091).
Conclusion: This prospective pilot study suggests that both TE combined with TENS and MET combined with TENS are associated with
short-term improvementsin pain, knee ROM, and functional outcomes following ACL reconstruction.

Keywords: Anterior cruciate ligament reconstruction, muscle energy technique, therapeutic exercise, transcutaneous electrical nerve

stimulation, knee function.
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Table 1: Comparative analysis of NPRS scores between
therapeutic exercise and muscle energy technique

integrated rehabilitation strategies remains limited,
and findings are inconsistent as to whether
multimodal approaches provide superior functional

. . Group A Group B Total recovery compared with conventional exercise-

Time point (Mean+SD) (Mean+SD) (MeanSD) based rehabilitation alone [7]. Furthermore,

" research examining combined rehabilitation

2~ Day 8.55+0.61 8.60+0.50 8.57+0.55 protocols within Indian clinical populations is

Day 14 6.00+0.73 5.30+0.87 5.65+0.86 scarce, highlighting the need for context-specific
Day 35 2.70+0.80 2.10+0.72 2.40+0.81 evidence to inform clinical decision-making.

NPRS: Numeric pain rating scale, SD: Standard deviation

Recent evidence suggests that combining TE or

Introduction

Anterior cruciate ligament (ACL) injuries are among the most
common musculoskeletal conditions affecting young adults,
athletes, and physically active individuals. ACL ruptures
constitute a substantial proportion of knee ligament injuries
and are frequently associated with pain, joint instability,
functional impairment, and reduced quality of life (QOL)
[1,2]. Surgical reconstruction is widely regarded as the gold
standard for restoring mechanical stability of the knee and
minimizing the risk of long-term degenerative changes [3].
However, despite successful surgical intervention, many
patients continue to experience persistent deficits in muscle
strength, proprioception, joint mobility, and overall knee
function, underscoring the critical role of structured post-
operative rehabilitation in optimizing recovery outcomes [4].

Post-ACL reconstruction rehabilitation traditionally
emphasizes therapeutic exercise (TE) programs aimed at
restoring muscle strength, joint range of motion (ROM),
neuromuscular control, and functional performance.
Substantial evidence supports the effectiveness of TE in
reducing post-operative pain, improving mobility, and
facilitating return to activity [4]. Muscle energy technique
(MET) is a manual therapy approach designed to improve
muscle extensibility through therapist-guided isometric muscle
contractions followed by passive stretching. MET primarily
targets neuromuscular relaxation, reduction of muscle
hypertonicity, and enhancement of joint mobility rather than
direct strength development [S]. Transcutaneous electrical
nerve stimulation (TENS) is frequently incorporated during
the early phases of rehabilitation for pain modulation, thereby
improving patient comfort and enabling

MET with TENS may enhance pain relief, improve
knee ROM, and accelerate functional recovery
following ACL reconstruction. However, comparative evidence
evaluating the relative effectiveness of TE versus MET when
combined with TENS remains insufficient. Therefore, the
purpose of the present study was to compare the effects of TE
combined with TENS and MET combined with TENS on pain
intensity, knee ROM, and functional outcomes in patients
following ACL reconstruction. By addressing this research gap,
the study aims to provide preliminary evidence on differential
early recovery patterns associated with distinct multimodal
rehabilitation strategies and to support informed, patient-
specific post-operative rehabilitation planning.

Materials and Methods
Study design

This study employed a prospective, non-randomized
interventional repeated-measures pilot design to evaluate the
effects of TE and MET combined with TENS on recovery
following ACL reconstruction. The repeated-measures
approach allowed assessment of changes in pain, knee ROM,
and functional outcomes at multiple stages of post-operative
rehabilitation. Participants were allocated using a convenience-
based non-randomized approach due to feasibility constraints
of this pilot study. This was a pilot study and was not registered
asaclinical trial.

Studysetting

The study was carried out in the NIMS Hospital’s Department
of Orthopedics, where patients frequently participate in
organized post-operative ACL rehabilitation programs.

active participation in therapeutic
interventions [6].

Table 2: Sphericity test and repeated measures ANOVA

Mauchly’s df P-value df P-value
Although TE, MET, and TENS are widely R3S w (Sphericity) (Sphericity) (ANOVA) (ANOVA)
used in clinical practice, most studies have Time 0854 | 5854 ) 0.054 L.82 <0.001
evaluated these modalities individually Timexgroup — — — — 1% 0,017

rather than in combination. Evidence

regarding their combined application as ANOVA: Analysis of variance, df: Degrees of freedom
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Table 3: Summary of repeated measures ANOVA and post hoc results

and patient availability during the study period. A
convenience sampling method was employed. As this

Effect Test df  P-value Result was an exploratory pilot study, no a priori sample size
) Repeated measures . orpower calculation was performed.
<
Time ANOVA 1.82 0.001 Significant
TimexG Repeated measures 182 0.017 Sienifi
imexGroup ANOVA . . ignificant Interventions
All pairwise | Allinterventions were administered and supervised by
Time (overall) | Bonferroni post hoc ) <0.001 dlffere};:es a:re qualified physiotherapists to ensure correct technique,
signirican

ANOVA: Analysis of variance, df: Degrees of freedom

safety, and adherence to protocol. A non-randomized

Participants

Inclusion criteria

1. Male and female participants

2.Agebetween 18 and 40 years

3.Individuals who had undergone ACL reconstruction

4. Medical clearance from the treating physician to participate in
rehabilitation exercises

S.Nohistory of other knee surgeries within the previous year

6. Presence of post-operative pain, reduced knee ROM, or
muscle weakness

7. Willingness to follow the research procedure and give written
informed consent.

Exclusion criteria

1. Presence of infection, severe swelling, or open wounds
affecting the operated knee

2. Combined ligament injuries (posterior cruciate ligament,
medial collateral ligament, orlateral collateral ligament injuries)
3. Neurological disorders affecting lower limb function (e.g,,
stroke, peripheral neuropathy)

4. Pre-existing severe osteoarthritis or other conditions limiting
participation in rehabilitation

assignment method was used to divide the participants
into two groups.

« GroupA: TE+TENS
« Group B: MET + TENS.

TE protocol

Participants in Group A received a structured TE program
dividedinto three progressive phases:

PhaseI (2-7 days post-surgery)
Passive knee extension (over-pressure), ankle pumps, passive
and active knee flexion, straight leg raises (flexion, adduction,
and abduction), quadriceps isometric exercises, hamstring
stretching, multi-angle isometric strengthening, standing
hamstring curls, and mini-squats.

Phase I (2-3 weeks)

All PhaseI exercises with the addition ofleg press, leg extension,
half squats, prone hamstring curls, cycling, patellar
mobilization, passive ROM exercises, stair climbing, and
proprioceptive training.

Phase ITI (4-5 weeks)

Continuation of previous exercises along with wall squats, calf

5. Uncontrolled diabetes mellitus, cardiovascular | Table 4: Comparative analysis of goniometer (knee flexion and extension)
disease, or severe hypertension between therapeutic exercise and muscle energy technique
6. Any new knee trauma or injury during the study . . . Group A Group B Total
period NArable Time point MeantSD  Mean+SD  Mean+SD
7. Inability to attend regular physiotherapy sessions or 2" Day 19.8545.63 | 18.05+5.99 | 18.95+5.81
complywith theintervention protocol. Knee flexion | 14Day | 78.35+13.91 | 77.75+14.29 | 78.05+13.92
Although both male and female participants were 35 Day 110.60+7.67 | 116.75£9.04 | 113.68+8.84
included, the study was not powered to perform sex- 2" Day 3 65+1.42 3.50+1.36 3.58+]1 38
specific subgroup analyses. Kneeextension|  14Day | 125112 | 180:0.62 | 153:0.93
35 Day —0.35+0.75 0.25+0.44 —0.05+0.68
Samplesize and sampling SD: Standard deviation

Forty people in all were recruited based on feasibility
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Table 5: Sphericity test and repeated measures ANOVA — knee ROM
df (ANOVA,

« Protocol: Short isometric contractions for 5-7 s
followed by targeted passive stretching; repeated 3-S5

Mauchly’s o P-value P-value .
Effect w df (Sphericity) (Sphericity) Greel.lhouse- (ANOVA) times per muscle group.
Geisser)
Time 0 279.133 14 <0.001 2.368 <0.001
TimexGroup| — — — — — 2368 0.115 | Adductors

Standard deviation,

ANOVA: Analysis of variance, ROM: Range of motion, df:Degrees of freedom, SD:

« Rationale: Tight adductors may contribute to medial

raises, walking exercises, standing balance training on a tilt
board, and isokinetic exercises.

The TE program aimed to restore knee stability, muscle
strength, joint mobility, and functional performance.

MET

Participants in Group B received MET. MET targeted muscles
commonly affected following ACL reconstruction, including
the quadriceps, hamstrings, gastrocnemius, hip flexors, gluteal
muscles, and adductors. This intervention aimed to improve
muscle extensibility, neuromuscular control, joint mobility, and
pain modulation, thereby facilitating active participation in
post-operative rehabilitation exercises.

Quadriceps (vastus medialis and vastus lateralis)

- Rationale: Quadriceps inhibition is common after ACL
reconstruction, compromising knee extension, patellar
tracking, and functional stability

« Protocol: Isometric contraction for 5-7 s followed by gentle
passive stretching for 30's; repeated 3-S5 cycles.

Hamstrings

« Rationale: Tight hamstrings can limit knee flexion and
functional mobility

« Protocol: Isometric contraction for 5-7 s followed by passive
stretching for 30's; repeated 3-S5 times per session.

Gastrocnemius

« Rationale: Gastrocnemius tightness may impede terminal
knee extension and alter gait mechanics

knee stress and impaired alignment

« Protocol: Isometric contraction followed by gentle passive
stretching; repeated 3-S5 times.

TENS

TENS was applied to both groups in conventional mode with
the following parameters:

« Frequency: 80-100 Hz
« Pulse width: 50-80 ys
e Duration: 20 min.

TENS was used to reduce post-operative pain and facilitate
active participation in rehabilitation sessions. Adherence to
home-based exercise programs outside supervised sessions was
not formally monitored.

Outcome measures
Numeric pain rating scale (NPRS)

The NPRS (0 = no pain, 10 = worst imaginable pain) was used
to assess pain intensity. NPRS demonstrates high test-retest
reliability (intraclass correlation coefficient [ICC] =
0.85-0.95) and sensitivity to clinically meaningful changes in
painintensity [8].

Goniometric measurement of knee ROM

A universal goniometer was used to measure knee flexion and
extension. The axis was positioned over the lateral femoral
epicondyle, with the fixed arm aligned toward the greater
trochanter and the movable arm toward the lateral malleolus.
This method demonstrates excellent intra-rater reliability (ICC
= 0.90-0.98) and strong inter-rater reliability (ICC =

« Protocol: Isometric contraction against resistance for
5-7 sfollowed by passive stretching; 3-S5 repetitions.

Table 6: Pair-wise comparisons — Knee ROM between groups

Mean difference

Variable Groups 1) P-value  95% CI
H'ip muscles (gluteus maximus, gluteus medius, and Knee flexion Group 1 versus 0,79 043 | -2.80-1.22
hip flexors) Group B
« Rationale: Weak or imbalanced hip muscles can lead .| Group 1 versus
to altered lower-limb kinematics, knee valgus, and Knee extension Group B 035 025 ~1.45-035

reduced functional performance

ROM: Range of motion, CI: Confidence interval
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analysis of variance with Greenhouse-Geisser

Table 7: Comparative analysis of KOOS between therapeutic exercise and muscle . d f . h lied
energy technique correction and Bonferroni post hoc tests were applied.
] ] Group A Group B Statistical significance wassetat P <0.0S.
=
Variable Time (Mean<SD) (Mean<SD) Total (Mean+SD)
2" Day 14.05+3.71 14.55+4.08 14.30+3.86
KOOS (Pain) 14 Days 26.70+4.34 26.30+4.11 26.50+4.18 Results
35Days |  32.80+3.02 31.90+4.79 3235+3.98 Pain intensity decreased significantly over time in both
2 Day | 11.25:2.94 11.65+2.83 11.45+2.86 groups, with a significant Time x Group interaction
KOOS (Symptoms)| 14 Days 22.00+5.79 2035+3.10 21.18+4.66 indicating a difference in the rate of pain reduction
35 Days 29.35+6.70 27.50+4.76 28.43+5.81
(Tables1,2,3).
2" Day | 27.407.09 26.70+7.64 27.05+7.29
KOOS (ADL) | 14 Days 50.6048.21 48.7545.98 49.6847.15 Knee ROM, including flexion and extension, improved
35 Days 65.20+:4.86 58.75+49.34 61.98+8.04 significantly over the S-week rehabilitation period in
KOOS (sports and | 2" Day 11.00+3.84 9.25+2.94 10.13+3.49 both groups (P < 0.001). However, no significant Time x
recreational 14 Days 18.85+1.18 14.90+3.49 16.88+3.26 Group interaction was observed for knee flexion or
activity) 35 Days 19.90+2.69 17.3042.56 18.60+2.91 extension (P = 0.115), indicating comparable
nd .
2" Day 3.50£1.70 6.2042.14 585194 improvements between the TE + TENS and MET +
KOOS (QOL) 14 Days 11.95+1.99 12.15+1.42 12.05+1.70 TENS groups (Tables 4’ 5] 6)
35 Days 15.00+1.78 15.00£1.78 15.00+1.75 .
ADL: Activities of daily living,KOOS: Knee injury and osteoarthritis outcome score, All KOOS subscales (P ain, symptoms, ADL,
SD: Standard deviation, QOL: Quality of life sports/recreation, and QOL) showed significant

0.80-0.92) [9,10].

Kneeinjuryand osteoarthritis outcome score (KOOS)

The KOOS was used to evaluate functional outcomes across
five domains: Pain, symptoms, activities of daily living (ADL),
sports and recreation, and QOL. Scores range from 0 to 100,
with higher scores indicating better knee function. KOOS
demonstrates excellent test-retest reliability and internal
consistency [11,12,13].

Data collection procedure

Outcome measures were recorded at three time points:
Baseline, Day 14, and Day 35. To reduce inter-observer
variability and improve consistency, all assessments were
conducted by the same qualified physiotherapist.

Ethical considerations

The study wasapproved by the Institutional Ethics Committee
of NIMS University (IEC No:
NIMS/PT/OT/April/2024/46). Written informed consent
was obtained from all participants before enrolment. The study
was conducted in accordance with the Declaration of

improvements over time in both groups (P < 0.001). No
significant Time x Group interaction was observed (P =0.091),
indicating comparable functional recovery between groups
(Table 7,8,9).

Discussion

The present study compared the effects of TE combined with
TENS (TE + TENS) and MET combined with TENS (MET +
TENS) on pain intensity, knee ROM, and functional outcomes
following ACL reconstruction. The findings suggest that both
rehabilitation approaches were effective in improving post-
operative outcomes over the 5-week intervention period, with
only minor differences observed in early pain reduction
patterns.

Pain intensity decreased significantly in both groups, with a
statistically significant but modestly faster early pain reduction
observed in the MET + TENS group. This finding is consistent
with previous evidence indicating that TENS produces
analgesic effects through modulation of nociceptive input and
activation of endogenous inhibitory mechanisms [6,14]. The
additional early pain relief associated with MET may be related
to neuromuscular relaxation, reduction of muscle
hypertonicity, and improved local circulation, which may be

Helsinki.

Table 8: Sphericity test and repeated measures ANOVA - KOOS

df P-value (d;f (APLOVA’ P-value
) (Sphericity) (Sphericity) 'éef‘ OUSE™ | (ANOVA)
Data analys1s eisser)
S . . o Time 0 579.3 104 <0.001 4.923 <0.001
Statistical analysis was performed using the Statistical TimeGrowp | — — — o 0001

Package for the Social Sciences software (version 26;
IBM Corp., Armonk, NY, USA). Repeated-measures

KOOS: Knee injury and osteoarthritis outcome score, ANOVA: Analysis of variance, df:

Degrees of freedom
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Mean difference
(1-J)
1.49%*

P-value

Groups

Group 1 versus

0.023
Group B

Table 9: Pairwise comparisons — KOOS between groups

95% CI

0.22-2.77

4. Resource optimization: In settings where
physiotherapy resources are limited, either method
may be employed effectively, while TENS can be
integrated as a non-invasive adjunct to facilitate
greater exercise tolerance.

KOOS: Knee injury and osteoarthritis outcome score, CI: Confidence
interval. *Statistically significant difference (P<0.05)

Limitations

particularly beneficial during the immediate post-operative
phase [15,16]. However, the magnitude of the observed
difference was small, and its clinical significance remains
uncertain. In contrast, TE emphasizes progressive
strengthening and neuromuscular re-education, which may
contribute to a more gradual trajectory of pain reduction.

Knee flexion and extension improved significantly in both
groups, with no significant between-group differences,
suggesting that TE + TENS and MET + TENS may be similarly
effective in restoring knee ROM during early post-operative
rehabilitation. These findings are consistent with previous
research demonstrating that both active exercise-based
interventions and manual therapy techniques can improve joint
mobility through distinct physiological mechanisms
[17,18,19].

Functional outcomes, assessed using the KOOS, improved
significantly across all domains in both groups, with no
significant between-group differences. These results support
the use of multimodal rehabilitation approaches integrating
exercise or manual therapy with electrotherapy modalities to
facilitate functional recovery following ACL reconstruction.
However, given the short follow-up duration and pilot nature of
the study, these findings should be interpreted cautiously and
cannot be extrapolated to long-term functional outcomes.

Clinicalimplications

The findings of this pilot study have several practical
implications for post-operative ACL rehabilitation:

1. Multimodal approaches are effective: Both TE + TENS and
MET + TENS are effective strategies for early recovery after
ACL reconstruction. Clinicians can confidently incorporate
either approach based on patient preferences, tolerance, or
specific clinical indications

2. Pain management: MET combined with TENS may offer
faster early-phase pain relief, which could enhance patient
comfortand adherence to rehabilitation programs

3. Functional recovery: Since both approaches produce
comparable improvements in ROM and functional outcomes,
rehabilitation programs can be individualized without
compromising overallrecovery

Non-randomized study design

Participants were allocated using a non-randomized,
convenience-based approach; therefore, the possibility of
selection bias cannot be excluded. Differences in unmeasured
baseline characteristics may have influenced group
comparability and outcome responses.

Absence ofatrue control group

The study did not include a control group receiving standard
rehabilitation alone, which limits the ability to determine the
independent contribution of TE or MET beyond natural post-
operative recovery and the analgesic effects of TENS.

Smallsample size andlack of power calculation

As a pilot study with a total sample size of 40 participants, no a
priori sample size calculation was performed. Consequently,
the study may have been underpowered to detect smaller but
clinically meaningful differences between interventions or to
conduct subgroup analyses.

Short follow-up duration

Outcomes were assessed over a 5-week period only, which does
not capture long-term recovery, graft integrity, neuromuscular
control, proprioceptive function, or return-to-sport outcomes.

Single-center study

This study was conducted at a single clinical center, which may
limit the generalizability of the findings to other rehabilitation
settings or patient populations.

Convenience sampling

Participants were recruited using convenience sampling based
on availability, which may not accurately represent the broader
population ofindividuals undergoing ACL reconstruction.

Lack ofblinding

Blinding of participants and outcome assessors was not feasible
due to the nature of the interventions, which may have
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introduced performance and measurement bias.

Home exercise programadherence

Adherence to prescribed home-based exercise programs was
not formally monitored, which could have influenced
individual rehabilitation outcomes.
Therapist-dependentintervention delivery

Although standardized intervention protocols were followed,
the effectiveness of the MET may vary depending on therapist
skill and experience, potentially affecting reproducibility across
different clinical settings.

Use of tensinbothgroups

The application of TENS in both intervention groups limits the
ability toisolate the independent effects of TE and MET.

Lack of surgical stratification

Surgical variables, such as graft type and reconstruction
technique were not stratified or controlled, which may have
influenced post-operative recovery patterns.

Limited outcome measures

Objective measures of muscle strength, proprioception,
balance, and functional performance were not included,
limiting a comprehensive assessment of rehabilitation
outcomes.

Future directions

Future research should include larger, randomized controlled

trials with longer follow-up periods to evaluate long-term
functional outcomes, graft stability, and return-to-sport
readiness. Investigating the combination of MET and TE with
TENS in a hybrid protocol may also provide insights into
whether synergistic effects exist. In addition, monitoring
adherence to home-based exercises and including objective
measures of muscle strength, proprioception, and balance
could enhance the understanding of the mechanisms
underlyingrecovery.

Conclusion

This prospective pilot study suggests that both TE combined
with TENS and MET combined with TENS are associated with
short-term improvements in pain, knee ROM, and functional
outcomes following ACL reconstruction. Although MET
combined with TENS demonstrated a modest advantage in
early pain reduction, both interventions yielded comparable
improvements in ROM and functional outcomes. These results
supportindividualized rehabilitation planning based on patient
tolerance, clinical presentation, and therapist expertise.
However, these findings are preliminary and should be
confirmed in larger randomized controlled trials with longer
follow-up durations to establish long-term effectiveness and
clinical significance.

Clinical Message

Both TE + TENS and MET + TENS can be safely used after ACL
reconstruction, allowing clinicians to individualize rehabilitation
based on patient pain tolerance and early recovery goals.
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