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Abstract: We investigated the effect of ten-sessions (with or without receiving modalities) of training
and 4-weeks of detraining in individuals with anterior knee pain (AKP). Thirty patients with AKP
(19 males; 11 females; pain duration: 46 months) were randomly assigned to either a rehabilitation
program (with or without pre-exercise modality). Quadriceps (strength, activation, power, and
endurance) and self-reported functions (pain perception and functional outcomes) were recorded
pre- and post-rehabilitation and detraining (4-weeks). The application of electro-cryotherapy did not
produce a summative effect on quadriceps or self-reported functions (condition × time: F2,56 < 2.27,
p > 0.11 for all tests). Regardless of the modality application (time effect), quadriceps (strength: 12%,
p = 0.06; power: 20%, p = 0.006; endurance: 13%, p = 0.0002) and self-reported (pain perception
during daily activities: −70%, p < 0.0001; at least: −44%, p = 0.04; at worst: −43%, p < 0.0001;
functional outcome scores: 13%, p = 0.0003) functions improved after ten sessions of rehabilitation.
The improved values were maintained after 4-weeks of detraining, but functional outcome scores
showed an 8% further increase (p = 0.02). Regardless of electro-cryotherapy application prior to
voluntary exercises at each session, quadriceps and self-reported function improved after ten sessions
of rehabilitation for AKP. Improved functioning lasted throughout a 4-week detraining period.

Keywords: arthrogenous muscle inhibition; knee joint cooling; quadriceps function; patellofemoral
pain syndrome; transcutaneous electrical nerve stimulation

1. Introduction

The primary concern during rehabilitative interventions for patients with anterior
knee pain (AKP) is to reverse quadriceps weakness and activation deficit [1,2]. This
quadriceps dysfunction is caused by alterations in motor output due to anomalous afferent
sensory input from any source of AKP (e.g., combined or isolated pain [3], effusion [4],
structural damage [5], or joint laxity [6]). Although this shut-down process is considered
as a natural response that prevents further injury and provides time for healing, it often
causes incomplete quadriceps activation. The persistent quadriceps dysfunction affects
lower-extremity joint kinematics and kinetics [7], and may affect knee joint loading and
increase risk of injury [8].

Among available interventions to reverse quadriceps inhibition, electrotherapy
(e.g., transcutaneous electrical neuromuscular stimulation (TENS)) [9] and focal joint
cooling [10] are two of the most accepted disinhibitory modalities. Furthermore, a series
of rehabilitation interventions, consisting of TENS and/or knee joint cooling followed by
voluntary exercises, have also been separately deployed in patients with anterior cruciate
ligament (ACL) deficiency [11], ACL reconstruction [12], and knee osteoarthritis [13,14].
Although the above studies support the use of each modality treatment, there is no consen-
sus that a combination of electro-cryotherapy in conjunction with strengthening exercises
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brings additional benefits, relative to the adoption of strengthening exercises alone. In 1985,
Knight introduced an objective and optimal method of progression in the external load
of voluntary exercise—the daily adjustable progressive resistance exercise (DAPRE) tech-
nique [15]. Since many reports [13,16–18] using this approach have demonstrated strength
development in patients with AKP [17] and knee osteoarthritis [13,16] the DAPRE tech-
nique would be suitable for use as a basis for the progression of strengthening exercises.

As such, the purpose of this study was to determine how ten-sessions of the DAPRE
technique-based strengthening exercises, either in conjunction with or without electro-
cryotherapy applications, would improve quadriceps and self-reported function in patients
with AKP. Secondarily, we were also interested in observing a detraining effect on both
treatment conditions after ten-sessions of rehabilitation. We hypothesized that: (1) pa-
tients in both conditions would gain quadriceps function after the ten-session exercise
rehabilitation program because the DAPRE technique is a notable method capable of
improving quadriceps function from 4 to 6 weeks of rehabilitation [13,17], and (2) due
to the effectiveness of therapeutic modalities [12,14], patients exposed to pre-exercise
modalities (e.g., electro-cryotherapy) would show greater improvements in quadriceps
and self-reported functions than would those performing exercises alone.

2. Materials and Methods

This study was a randomized clinical trial with two independent variables including
condition (modality and exercise, and exercise alone) and time (pre- and post-rehabilitation,
and detraining). Endpoints and outcome measures were (1) quadriceps function, as
indicated by maximal voluntary isometric contraction (MVIC), central activation ratio
(CAR), rate of torque development (RTD), and peak torque (PT) and (2) self-reported
function, as indicated by visual analog scale (VAS) for pain perception and lower-extremity
functional scale (LEFS). Sealed opaque envelopes were used for block-randomization
allocation. The random allocation sequence was determined using the random function
in a spreadsheet software (Excel 2013, Microsoft Inc., Redmond, WA, USA). The authors
prepared for pre-filled envelopes and processed all data, and were blinded to participant
enrolment, condition allocation, and supervision of the rehabilitation program.

2.1. Subjects

Thirty-nine patients with AKP initially volunteered; however, 4 were excluded and
5 dropped out (Figure 1). Thirty patients (19 males, 11 females, 21.2± 1.0 years, 171.8 ± 2.8 cm,
71.8 ± 6.4 kg, body mass index: 24.2 ± 1.7, time since pain: 46 months; Table 1) were
completed the study. In this study, AKP was defined as feeling pain or discomfort during
at least two of the following activities: ascending or descending stairs, sitting for longer
than an hour, contraction of the quadriceps, or compressing the patella while sitting with
the leg extended [18]. Additionally, eligible patients had to report having a pain perception
greater than 2 out of 10 cm on the VAS during activities of daily living (ADL) [19]. Lastly,
scores on the LEFS had to be less than 70 out of 80 points [20].

Exclusion criteria included athletic status, current pregnancy, or history of epilepsy,
seizures, hearing impairments, or serious head injuries. Prior to participation, all patients
read the study procedures and provided written informed consent, approved by the
University’s Institutional Review Board (approval #: KHSIRB-18-002).

2.2. Testing Procedures

Patients visited the laboratory 13 times (ten times during rehabilitation; three times for
measurements at pre- and post-rehabilitation, and detraining). On the first visit, patients
completed paperwork (informed consent, health-history questionnaire, VAS, and LEFS),
and were assessed body composition using a bioelectrical impedance device (InBody 770,
Biospace Ltd., Seoul, Korea). After obtaining the end points of the pre-rehabilitation mea-
surements (see Section 2.3. Endpoints), patients were block-randomized into one of two
conditions (see Section 2.4. Treatment Conditions). Patients then visited the clinic and
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completed the ten rehabilitation sessions with a rest period of 48 hours between sessions
(the 2nd through to 11th visit). Upon the completion of all the rehabilitation sessions,
post-rehabilitation measurement values were recorded (the 12th visit: within 5 days from
the last session day) using the same approach as that for the pre-rehabilitation measure-
ments, followed by a 4-week detraining period. During this detraining period, patients
were asked to neither participate in any physical activity nor undergo any therapeutic
intervention. After a 4-week period of detraining, patients visited the laboratory again for
the detraining measurements.
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Figure 1. The progress of patients throughout the trial. LEFS: lower extremity functional scale; VAS:
visual analog scale.

2.3. Endpoints
2.3.1. Quadriceps Function

With each patient sitting (knee fixed at 90◦ and hip positioned at 85◦) on an isokinetic
dynamometer (Cybex 770, Cybex Inc., Medway, MA, USA), the anterior thigh was shaved
and then cleaned with an alcohol swab for the electrode placements. Two electrodes
(7 × 12.7 cm, Dura-Stick II, Chattanooga, Hixson, TN, USA) were attached on the distal
vastus medialis and the proximal vastus lateralis, respectively. Patients underwent a
gradual warm-up of isometric contractions with submaximal electrical stimulus for the
familiarization of the measurements [21]. Afterwards, 3 MVIC trials were conducted,
with 90-s rest periods in between. An electrical stimulus was manually delivered to the
quadriceps through the electrodes when the MVIC torque reached a maximal plateau. The
S48 Grass stimulator (Grass-Telefactor, West Warwick, RI, USA) was utilized to deliver
electrical stimuli (100 pulses/s, 600 µs pulse duration, 10 train over 100 ms duration and
125 V with a peak output current of 450 mA) directly onto the quadriceps to depolarize any
remaining muscle fibers. CAR values were calculated by dividing torque measurements
of the MVIC by the sum of the torque produced by the MVIC and the superimposed
burst (SIB) (CAR = [MVIC/MVIC + SIB torque] × 100) [22]. RTD was calculated by the
slope of the torque–time curve (∆torque/∆time) between 0 to 100 ms after the onset of
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voluntary contraction (≥20 Nm) [23,24]. After a 90-s rest from the last isometric contraction,
patients then performed 30 repetitions of isokinetic contraction at 180◦/s for quadriceps
endurance [25]. The highest values of each repetition were averaged for the PT value. Each
value of MVIC, RTD, and PT was normalized by lean body mass (Nm/kg) [26].

Table 1. Descriptive statistics of the patients.

n/mean ± 95% CI Modality + Exercise
(n = 15)

Exercise Alone
(n = 15) p-Value

Age (year) 20.6 ± 1.2 21.8 ± 1.6 0.25

Sex (M/F) 9/6 10/5 N/A

Height (cm) 170.7 ± 4.6 173.0 ± 3.0 0.42

Mass (kg) 74.8 ± 11.9 68.7 ± 4.6 0.36

BMI (kg/m2) 25.4 ± 6.3 22.9 ± 2.4 0.17

LBM (kg) 56.0 ± 6.7 53.7 ± 4.5 0.58

Physical activity
(hours per week) 3.3 ± 1.1 4.3 ± 1.8 0.41

Pain period (months) 46.1 ± 19.4 45.0 ± 16.8 0.94

Painful knee (L/R) 7/8 8/7 N/A
Injury type
Atraumatic 9 8 N/A
Traumatic 6 7 N/A

History of knee surgery 4 3 N/A
Time since surgery (month) 32.0 ± 12.4 56.0 ± 21.5 N/A

Side-side ratio (%)
MVIC 92.2 ± 10.9 95.1 ± 12.5 0.69

CAR 98.9 ± 8.5 96.6 ± 8.4 0.62

RTD 87.0 ± 10.1 101.2 ± 12.8 0.26

PT 93.3 ± 6.9 97.2 ± 7.6 0.37
ADL: activities of daily living; BMI: body mass index; CAR: central activation ratio; CI: confidence intervals;
F: female; L: left; LBM: lean body mass; M: male; MVIC: maximal voluntary isometric contraction; N/A: not
applicable; PT: peak torque; R: right.

2.3.2. Self-Reported Function

A 10 cm VAS [27] was used to quantify pain perception. Patients were asked to mark
the level of pain during ADL, and at least- and worst-pain perception. The LEFS [20] score
was obtained for the individual level of lower-extremity function. These were gathered
prior to the assessment of quadriceps function.

2.4. Treatment Conditions

Patients in both conditions underwent a ten-session rehabilitation program with a
2-day rest period included between sessions.

2.4.1. Modality + Exercise

Patients received a 30-min simultaneous application of TENS and knee joint cooling
on the involved leg. TENS device (TENS 3000 unit, Koalaty Products Inc., Tampa, FL, USA)
and 4 self-adhesive square electrodes (5 × 5 cm, Protens-tens electrodes 4848, Bio-Protech
Inc., Gangwon-do, Korea; Figure 2A) were used to deliver a sensory level of asymmetric
biphasic current (pulse duration: 150 µs; pulse rate: 150 Hz [12,14]. The intensity was set at
the highest amplitude that could be reached without any muscle contraction or subjective
uncomfortable sensations noted. For cryotherapy, 2 plastic bags (20 × 40 cm) of crushed ice
(1 L) were attached on the anterior and the posterior aspects of the knee joint, and secured
using plastic wrap (Figure 2B) [28]. Afterwards, patients performed voluntary exercises
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for 30 min. The program contained warming-up, stretching, strengthening, and balancing
exercises (Table 2). For the strengthening exercises, the exercise intensity (i.e., external load)
was determined by the DAPRE technique [15].
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bags were secured by plastic wrap (B).

Table 2. DAPRE technique-based exercise program.

Exercise Volume or Duration Intensity or Progression

Jogging 5-min Treadmill speed
at 6.0 to 8.5 km/h

Stretching * A 30-s hold × 2 sets Until mild discomfort is felt
at the end range of motion

SLRs ** 8 reps × 3 sets Leg weight

Knee extensions **;
Lunges **; Squats † 4 sets Determined by

the DAPRE technique

Balance A 30-second balance
× 3 sets

Static (eyes-open or closed; on a
balance pad) and dynamic balance

DAPRE: daily adjustable progressive resistive exercise; SLR: straight leg raises. * hip extension/flexion, knee
extension/flexion, ankle dorsiflexion. ** performed in the 1st, 3rd, 5th, 7th, and 9th sessions. † performed in the
2nd, 4th, 6th, 8th, and 10th sessions.

2.4.2. Exercise Alone

The same exercise program, described above, was performed without receiving electro-
cryotherapy.

2.5. Statistical Analysis

Our sample size was determined using an expected mean difference in the quadriceps
activation of 0.11 with a standard deviation (SD) of 0.14, which yielded an effect size (ES)
of 0.80 [18,29]. We used an alpha of 0.05 and a beta of 0.2. These calculations estimated
that a group of 14 patients in each condition was necessary. Considering the dropout rate
during the study period (a total of 7.5 weeks), we initially recruited 35 patients (Figure 1).

Mean, SD, and 95% confidence intervals were calculated from each dependent mea-
surement (quadriceps and self-reported functions) at each time point.

To test condition effects over time, two-way mixed model analysis of variances (ran-
dom variable: subjects; fixed variables: condition and time) and Tukey–Kramer pairwise
comparisons for post hoc tests were performed. To determine practical significance be-
tween condition and time, Cohen’s d effect size [30] and their 95% confidence intervals
(ESCI) were also calculated.

SAS 9.4 (SAS Institute Inc., Cary, NC, USA) was used for all tests (p < 0.05).
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3. Results
3.1. Quadriceps Function

There was no condition effect over time (condition × time) in MVIC (F2,56 = 0.21,
p = 0.82), CAR (F2,56 = 0.29, p = 0.75), RTD (F2,56 = 0.51, p = 0.60), and PT (F2,56 = 0.08,
p = 0.92), suggesting that the addition of pre-exercise modality did not affect change quadri-
ceps function (Table 3 and Figure 3).
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Figure 3. Forest plots of the outcome measures. Squares (modality + exercise condition) and triangles
(exercise alone) with 95% confidence intervals indicate effect size estimates of mean difference
between pre- and post-rehabilitation (A) and between pre-rehabilitation and detraining (B). All effect
sizes and confidence intervals are positive (on the right side of the vertical zero line), indicating that
either treatment condition was beneficial; confidence intervals of each outcome measure (e.g., MVIC)
overlap, indicating the difference between treatment conditions were not statistically different. ADL:
activities of daily livings; CAR: central activation ratio; LEFS: lower-extremity functional scales;
MVIC: maximal voluntary isometric contraction; PT: peak torque; VAS: visual analog scale.

There was no condition effect for MVIC (F1,56 = 0.02, p = 0.90), CAR (F1,56 = 0.32,
p = 0.58), RTD (F1,56 = 0.26, p = 0.62), and PT (F1,56 = 0.01, p = 0.99).

Regardless of the disinhibitory modality application (time effect), quadriceps MVIC
(F2,56 = 3.96, p = 0.03), RTD (F2,56 = 5.38, p = 0.007), and PT (F2,56 = 14.43, p < 0.0001) were
changed. Specifically, the values in RTD (20%, p = 0.006, ES = 0.62, ESCI = 0.10 to 1.14)
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and PT (13%, p = 0.0002, ES = 0.90, ESCI = 0.36 to 1.43) increased at post-rehabilitation
and were maintained after the 4-week detraining period (RTD: p = 0.57; PT: p = 0.76).
Separately, quadriceps MVIC increased after 4 weeks of detraining (12%, p = 0.04, ES = 0.47,
ESCI = −0.05 to 0.98). There was no time effect on CAR (F2,56 = 2.56, p = 0.09).

Table 3. Changes in quadriceps function.

Mean ± 95% CI
Modality

+ Exercise
(n = 15)

Exercise
Alone

(n = 15)

Combined
(n = 30)

MVIC
(Nm/kg)

Pre-rehabilitation 2.6 ± 0.3 2.6 ± 0.3 2.6 ± 0.2
Post-rehabilitation 2.9 ± 0.4 3.0 ± 0.4 2.9 ± 0.2

Detraining 2.9 ± 0.4 3.0 ± 0.4 2.9 ± 0.2 *

CAR
(%)

Pre-rehabilitation 81.0 ± 5.1 81.2 ± 7.6 81.1 ± 3.2
Post-rehabilitation 85.1 ± 5.2 86.5 ± 4.8 85.8 ± 2.5

Detraining 83.6 ± 4.8 87.2 ± 6.1 85.4 ± 2.7

RTD (Nm/kg/s)
Pre-rehabilitation 10.6 ± 1.7 10.8 ± 1.5 10.7 ± 0.8
Post-rehabilitation 13.2 ± 2.1 12.4 ± 1.7 12.8 ± 0.9 **

Detraining 12.7 ± 2.0 11.6 ± 2.2 12.2 ± 1.0

PT
(Nm/kg)

Pre-rehabilitation 1.5 ± 0.1 1.5 ± 0.1 1.5 ± 0.1
Post-rehabilitation 1.7 ± 0.1 1.7 ± 0.1 1.7 ± 0.1 **

Detraining 1.7 ± 0.1 1.7 ± 0.2 1.7 ± 0.1 **
CAR: central activation ratio; CI: confidence intervals; MVIC: maximal voluntary isometric contraction; PT:
peak torque; RTD: rate of torque development. * Different from the pre-rehabilitation measurement (p < 0.05).
** Different from the pre-rehabilitation measurement (p < 0.01).

3.2. Self-Reported Function

There was no condition effect over time (condition × time) in VAS (ADL: F2,56 = 0.66,
p = 0.52; least: F2,56 = 0.37, p = 0.69; worst: F2,56 = 0.85, p = 0.43) and LEFS (F2,56 = 2.27,
p = 0.11) scores (Table 4 and Figure 3). There was no condition effect for VAS (ADL:
F1,56 = 0.02, p = 0.89; least: F1,56 = 0.28, p = 0.60; worst: F1,56 = 0.18, p = 0.68), and LEFS
(F1,56 = 0.70, p = 0.41).

Table 4. Changes in self-reported function.

Mean ± 95% CI
Modality

+ Exercise
(n = 15)

Exercise
Alone

(n = 15)

Combined
(n = 30)

VAS during ADL
(cm)

Pre-rehabilitation 4.3 ± 0.8 4.0 ± 0.9 4.2 ± 0.6
Post-rehabilitation 1.3 ± 0.4 1.2 ± 0.3 1.3 ± 0.3 *

Detraining 1.1 ± 0.4 1.4 ± 0.7 1.2 ± 0.4 *

VAS at least (cm)
Pre-rehabilitation 1.2 ± 0.6 0.9 ± 0.7 1.0 ± 0.4
Post-rehabilitation 0.6 ± 0.4 0.5 ± 0.3 0.6 ± 0.2 **

Detraining 0.5 ± 0.4 0.5 ± 0.3 0.5 ± 0.2 **

VAS at worst
(cm)

Pre-rehabilitation 7.3 ± 0.7 6.6 ± 0.9 7.0 ± 0.6
Post-rehabilitation 4.1 ± 1.1 3.9 ± 0.8 4.0 ± 0.7 *

Detraining 3.2 ± 0.7 3.5 ± 1.1 3.3 ± 0.6 *

LEFS
(scores)

Pre-rehabilitation 49.3 ± 5.5 56.3 ± 5.1 52.8 ± 3.9
Post-rehabilitation 59.1 ± 5.8 60.6 ± 6.8 59.8 ± 4.4 **

Detraining 64.2 ± 5.4 64.5 ± 4.5 64.4 ± 3.5 *,†
ADL: activities of daily livings; CI: confidence intervals; LEFS: lower-extremity functional scale; VAS: visual analog
scale. * Different from the pre-rehabilitation measurement (p < 0.0001). ** Different from the pre-rehabilitation
measurement (p < 0.05). † Different from the post-rehabilitation measurement (p < 0.05).

Regardless of the use of disinhibitory modalities (time effect), pain perception during
ADL (F2,56 = 67.18, p < 0.0001), and at least (F2,56 = 5.28, p = 0.008) and worst (F2,56 = 53.24,
p < 0.0001) were changed. Specifically, pain perception reduced at post-rehabilitation (ADL:
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−70%, p < 0.0001, ES = 2.28, ESCI = 1.63 to 2.93; least: −44%, p = 0.04, ES = 0.46, ESCI = 0.05
to 0.98; worst: −43%, p < 0.0001, ES = 1.75, ESCI = 1.15 to 2.34), and the decreased values
were maintained after 4 weeks of detraining period (ADL: p = 0.98; least: p = 0.83; worst:
p = 0.23).

Regardless of modality applications (time effect: F2,56 = 24.22, p < 0.0001), the LEFS
score increased post-rehabilitation (13%, p = 0.0003, ES = 0.60, ESCI = 0.08 to 1.12),
and increased again after the detraining period (post-rehabilitation versus 4 weeks post-
rehabilitation: 8%, p = 0.02, ES = 0.41, ESCI = −0.10 to 0.92).

4. Discussion

This study aimed to examine whether the application of simultaneous TENS and focal
joint cooling prior to strengthening exercises in AKP patients produces greater improve-
ments in quadriceps and self-reported functions over ten sessions of rehabilitation and
4 weeks of rest thereafter. We observed that the endpoints (quadriceps and self-reported
functions) improved in both treatment conditions (Tables 3 and 4). The levels of improve-
ment were not different between the conditions, indicating that there was no therapeutic
advantage in receiving an additional 30 min of disinhibitory modality. Improved training
effects on quadriceps (RTD and PT) and self-reported functions (pain during ADL, and
at least- and worst-pain perception) persisted for 4 weeks of detraining. Interestingly,
however, the first increase in quadriceps MVIC and the second improvement in LEFS were
seen 4 weeks after rehabilitation (Tables 3 and 4).

An immediate increase in quadriceps function by the use of TENS [4,9] or knee joint
cooling [10,28] is well-documented. Sensory inputs from either TENS or knee joint cooling
are thought to inhibit Ib inhibitory interneuron and facilitate Ia excitatory interneurons [28].
Additionally, TENS also activates descending mechanism, mediated at supraspinal level,
which assists in the inhibition of Ib interneurons [4]. Knee joint cooling is thought to reduce
the recruitment threshold of the motor unit and nerve conduction velocity [31]. Therefore,
we expected that patients who received electro-cryotherapy would be able to exert greater
external load when performing resistance exercises. Variations in treatment parameters,
knee pathologies, and muscle contraction mode may explain why we did not observe such
disinhibitory effects. First, a large volume of TENS treatments (at least 8 hours per day
for 4 weeks) was applied for the study reported beneficial effect on the use of TENS in
patients with knee osteoarthritis [14]. A shorter TENS application (60 min for 20 sessions)
did not show additional improvements in the same pathological population while our
treatment (30 min for ten sessions) was insufficient to elicit what we expected. Second, a
therapeutic advantage (greater quadriceps improvement) was also observed in patients
with ACL reconstruction [12]. Osteoarthritis and ACL reconstructions are more severe knee
pathologies where the potential for improvement could be larger, relative to in patients
with chronic AKP. Lastly, a recent study observed that an application of 20 min electro-
cryotherapy did not restore altered running mechanics due to experimentally induced
knee pain [32]. Since previous quadriceps disinhibition was observed in a static supine
position [4] or with isometric contraction [9,10,28], our isotonic exercise (also requiring
co-contractions with other muscles) may have suppressed a disinhibitory effect.

Pain perception (4.2 to 1.3 cm in VAS, ES = 2.28) and lower-extremity functional
outcomes (53 to 60 points in LEFS, ES = 0.60) were also improved regardless of modality
usage. Even if there was little or no disinhibitory effect, greater improvements in self-
reported functions were expected in patients receiving electro-cryotherapy due to the
known analgesic effect of TENS and focal joint cooling. Additionally, numbing the painful
area by electro-cryotherapy application could have possibly allowed for pain-free exercises
or increased the exercise tolerance. These results are, in fact, consistent with previously
conducted similar training studies [11,12,14,33] where functional outcome measures were
not different among the treatment groups. While TENS and/or knee joint cooling resulted
in an immediate reduction in pain perception by experimentally induced AKP [9,32,34],
the limitations on the cumulative analgesic effect of repetitive use of TENS [35] and
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cryotherapy [36] have also been suggested. Hence, long-term benefits on the use of
therapeutic modalities, as the addition to strengthening exercises, in patients with knee
joint pathologies remain unclear. In this regard, our results also suggest that patients with
chronic AKP may achieve therapeutic effects by performing ten sessions over 3.5 weeks
of the DAPRE technique-based strengthening exercises alone. Our patients could have
adapted to performing exercise training by repetitive muscle contractions over ten sessions,
which possibly increased joint stability and movement efficiency, resulting in gradual
pain reduction [35]. Since RTD is the ability for rapid muscular force exertion [37], an
improvement in quadriceps RTD (20%, ES = 0.62) might lead to increased knee joint
power in the sagittal plane [38]. Additionally, 95% confidence intervals for quadriceps
PT (13%, ES = 0.90) do not contain zeros, suggesting that an improvement in quadriceps
endurance is clinically meaningful. Therefore, observations of increased quadriceps power
and endurance at post-rehabilitation also support the idea that the conduct of resistance
exercises with functional movements (particularly squats and lunges) could have made
daily activities easier. This could have been associated with significant reductions in
pain during ADL and at the worst pain level, which could explain why lower-extremity
functional outcomes showed a further improvement after the 4-week detraining period.

Although between-group differences were determined in LEFS score, the associated
95% confidence intervals do not contain zero in the condition of modality + exercise
(Figure 3), an advantage of electro-cryotherapy in promoting functional improvements
may exist. Looking at the LEFS scores, those of patients who received electro-cryotherapy
increased by almost 10 points (ES = 0.87), whereas those of patients who performed
exercise only increased 4 points (ES = 0.36). A LEFS score of 9 points is known as the
minimal clinically important difference [20] where we still recommend applying electro-
cryotherapy in every session during rehabilitation exercise for AKP patients. Interestingly,
the effect sizes calculated in the condition of modality + exercise are consistently larger
than those in exercise alone after rehabilitation and even grew larger in a comparison
of pre-rehabilitation and detraining (cm in VAS during ADL: 2.6 versus 1.7; at worst:
3.1 versus 1.6; LEFS: 1.4 versus 0.9). As previously reported, concerning the effect of TENS
and cryotherapy in reducing residual pain after therapeutic exercises [35], patients received
electro-cryotherapy in our study may have been likely to go home in better physical (or
psychological) condition during and after the rehabilitation program.

The application of study outcomes to the pathological population may be a limitation
because 20% (7/35) of our patients had a history of knee surgeries (ACL reconstruction:
n = 2, posterior cruciate ligament reconstruction: n = 1, meniscal surgery: n = 2, ACL
reconstruction and meniscal surgery: n = 2). However, quadriceps (MVIC: 2.3 versus
2.7 Nm/kg; CAR: 0.8 versus 0.8) and self-reported functions (VAS during ADL: 3.6 versus
4.1 cm; LEFS: 50 versus 53 points) at the beginning of rehabilitation in patients with surgical
history were not different from those who did not have surgeries. Additionally, those
patients with surgical history were somewhat evenly allocated (3 and 4 in each treatment
condition), which could have also minimized the heterogeneity of patient characteristics.
The average rehabilitation period of our patients was 24 days. We assume that further
improvements (e.g., muscle hypertrophy) beyond what we observed could be expected if
patients would participate in additional exercise training. Ten sessions, however, was the
maximum number that we asked our patients to attend due to rehabilitation adherence
and detraining.

5. Conclusions

Patients with chronic AKP who received 30 minutes of pre-exercise disinhibitory
modalities (simultaneous application of TENS and knee joint cooling) followed by 30 min
of DAPRE technique-based strengthening exercises for ten sessions of rehabilitation to
achieve similar improvements in quadriceps and self-reported functions when compared
with those who received 30 min of strengthening exercises alone. Improved quadriceps
and self-reported function were maintained after 4 weeks of detraining. Although there
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were no statistical between-condition differences, the between-time ES in self-reported
functioning was consistently larger (and continued growing further after detraining) in the
treatment condition that received electro-cryotherapy.
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