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Abstract

Purpose There is a wide array of device modalities avail-
able for post-operative treatment following arthroscopic
knee surgery; however, it remains unclear which types and
duration of modality are the most effective. This systematic
review aimed to investigate the efficacy of device modali-
ties used following arthroscopic knee surgery.

Methods A systematic search of the literature was per-
formed on: PubMed; Scopus; MEDLINE; EMBASE,;
PEDro; SportDiscus; and CINAHL databases (1995-
2015) for clinical trials using device modalities following
arthroscopic knee surgery: cryotherapy, continuous pas-
sive motion (CPM), neuromuscular electrical stimulation
(NMES), surface electromyographic (SEMG) biofeedback
and shockwave therapy (ESWT). Only level 1 and 2 stud-
ies were included and the methodological quality of stud-
ies was evaluated using Physiotherapy Evidence Database
(PEDro) scores. Outcome measures included: muscle
strength, range of motion, swelling, blood loss, pain relief,
narcotic use, knee function evaluation and scores, patient
satisfaction and length of hospital stay.

Results Twenty-five studies were included in this sys-
tematic review, nineteen of which found a significant dif-
ference in outcomes. For alleviating pain and decreasing
narcotic consumption following arthroscopic knee surgery,
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cryocompression devices are more effective than traditional
icing alone, though not more than compression alone. CPM
does not affect post-operative outcomes. SEMG biofeed-
back and NMES improve quadriceps strength and overall
knee functional outcomes following knee surgery. There is
limited evidence regarding the effects of ESWT.
Conclusion Cryotherapy, NMES and sEMG are recom-
mended for inclusion into rehabilitation protocols follow-
ing arthroscopic knee surgery to assist with pain relief,
recovery of muscle strength and knee function, which are
all essential to accelerate recovery. CPM is not warranted
in post-operative protocols following arthroscopic knee
surgery because of its limited effectiveness in returning
knee range of motion, and additional studies are required to
investigate the effects of ESWT.

Level of evidence 11.

Keywords Anterior cruciate ligament reconstruction -
ACL - Cryotherapy - Continuous passive motion - Surface
electromyographic biofeedback - Neuromuscular electrical
stimulation - Shockwave therapy

Abbreviations

ACLR Anterior cruciate ligament reconstruction
CCD  Cold compression devices

LOHS Length of hospital stay

ROM  Range of motion

Introduction

Arthroscopic surgeries are frequently performed to enable
patients to return to their pre-operative daily lifestyles [53].
Proper post-operative rehabilitation of the reconstructed
knee is essential, especially for a return to active lifestyles
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including running and jumping activities [35]. During
post-operative care, a wide array of physical modalities is
available. In this review, we attempt to provide a complete
evaluation of post-operative physical devices used in reha-
bilitation by investigating the effect of five different devices
following arthroscopic knee surgery, which are all sug-
gested to have healing and recovery benefits for patients:
cryotherapy, continuous passive motion (CPM), neuro-
muscular stimulation (NMES), surface electromyographic
(sEMG) biofeedback and shockwave therapy (ESWT) [3,
13, 15, 22, 56].

Cryotherapy is thought to exhibit benefits through vaso-
constriction, decreased tissue metabolism, diminished
inflammatory release, hypoxia and attenuated nerve con-
duction, with a resultant decrease in secondary oedema,
pain and spasm [26, 46, 52]. While some clinical studies
have shown a decrease in narcotic consumption, length
of hospital stay, pain, oedema, inflammation, increase in
range of motion and/or weight bearing tolerance [3, 24,
27, 36, 59], others have shown no clinical benefit analys-
ing the same outcome metrics [7, 12, 23] with cryotherapy
application. CPM uses a motorized device to move the limb
through a preset arc of motion. Studies have found CPM
to be useful in improving range of motion following knee
surgery [4, 21]. However, other studies have reported no
additional benefit with CPM use [43, 60]. NMES induces
muscle activation through an alternating current, which
is transferred through electrodes and adhesive skin pads
placed on the target muscle. Previous studies have miti-
gated voluntary muscle activation deficits and restored
quadriceps muscle function with the addition of NMES
to rehabilitation protocols [15, 48, 50, 51], while oppos-
ing studies have reported no additional benefit with NMES
application [38]. SEMG biofeedback is a therapeutic tech-
nique whereby sensory or motor stimuli are provided to
patients performing voluntary muscle contraction in an
attempt to improve voluntary muscle control. This therapy
is used to aid patients in developing a greater awareness
of an increase in motor unit recruitment that are otherwise
involuntary and unfelt [11]. ESWT is defined as pressure
waves or transient pressure oscillations that propagate in
three dimensions and typically induce a clear increase in
pressure within few nanoseconds [42]. ESWT has been
more widely used for pain relief and musculoskeletal dis-
orders [55, 57], while there is limited evidence for its effect
following arthroscopic surgery.

In the current literature, there is conflicting evidence
regarding the aforementioned physical devices following
knee surgery. Post-operative therapies can directly impact
surgical outcomes and morbidity; therefore, it is useful to
consolidate the reports of these randomized controlled tri-
als and provide direction for comprehensive post-operative
protocols. To our knowledge, this is the first systematic
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review to collectively evaluate the effects of physical
devices following arthroscopic knee surgery, through level
I and II evidence. The objective of this systematic review is
to generate evidence-based recommendations as to which
physical modalities warrant inclusion into rehabilitation
protocols following arthroscopic knee surgery.

Materials and methods

This systematic review was conducted according to the
recommendations of the Cochrane Collaboration [18] and
the PRISMA reporting guidelines [33]. Physical device
modalities were defined as those that require an externally
applied device to achieve a physiologically desired thera-
peutic effect. This study aimed to investigate the results of
the most recent studies that were more representative of
current post-operative and surgical procedures; thus, stud-
ies before 1995 were excluded from this review.

Eligibility criteria

The only studies included in this review were: randomized
and quasi-randomized controlled trials, which were defined
as those that randomized based on patient record number,
date of birth or any information easily accessible to the
investigators involved in study completion. The partici-
pants must have been subject to minimally invasive arthro-
scopic surgery, which includes: anterior cruciate ligament
reconstruction (ACLR), meniscal repair, patellar chondro-
malacia, synovitis, loose bodies within the knee complex,
or a combination of aforementioned. In addition, patients
must have received treatment of cryotherapy, CPM, NMES,
sEMG, or ESWT, following an arthroscopic procedure on
the knee.

Outcome measures

Primary outcomes included: pain intensity for cryotherapy;
knee range of motion for CPM; and quadriceps strength
and knee functional outcomes for NMES, sEMG feedback
and ESWT. Secondary outcomes included: post-operative
analgesic medication, oedema, blood loss, length of hospi-
tal stay, quality of life measures and patient satisfaction for
each modality. Patient follow-up period was also evaluated
for each modality.

Search protocol

Only studies published between January 1995 and Decem-
ber 2015 were included. The following databases were
searched: PubMed; CINAHL; EMBASE; PEDro; Sport-
Discus; and ClinicalTrials.gov. Studies that were not
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written in the English language or demonstrated industry
sponsorship were excluded. Once all randomized control
trials were obtained, reference lists of respective articles
were evaluated for additional studies. The following search
terms were used: “Anterior Cruciate Ligament” AND “Cry-
otherapy OR Cold Therapy”, “Arthroscopic Surgery” AND
“Cryotherapy OR Cold Therapy”. This search criterion was
replicated for all other physical modalities, with the respec-
tive modality substituted for cryotherapy.

Study selection

Two reviewers (CTG and AAT) independently screened the
titles and abstracts acquired through the database search.
The reviewers read any full text that was marked as rel-
evant independently. If full text articles met all factors of
inclusion criteria, the studies were included in the review. A
third reviewer (JLD) settled any disagreements between the
two reviewers.

Assessment of risk of bias in studies

The Physiotherapy Evidence Database (PEDro) scores cri-
teria were used to identify possible biases in the included
research studies (Table 1). Ten of the eleven criteria were
used to assess internal validity, and eligibility criteria were
the sole assessment of external validity for each study [30].
All studies demonstrated level 1 or 2 evidence [5, 61] and
received at least five out of the eleven validity items based
on the PEDro scores [54].

Search results

The electronic database search revealed 949 unique results
(Fig. 1). A total of 882 references were excluded based on
titles and abstracts, leaving 67 potentially relevant studies.
Thirty-five of these studies were excluded due to out-of-
scope material and 7 additional studies were removed due
to non-English publication. As a result, 25 studies were
included in this systematic review: 12 studies were related
to cryotherapy, 2 to CPM, 7 to NMES, 3 to sEMG and 1 to
ESWT.

Cryotherapy

Pain relief

Eight studies evaluated the effects of cryotherapy following
ACLR. Four studies reported significant differences in pain

relief among respective treatment groups, while four studies
did not (Table 2). Two [6, 36] out of the four studies reported

significantly better pain relief in favour of cold compression
device (CCD) compared to no cold controls (p < 0.05), while
the remaining two studies [45, 58] reported significantly bet-
ter pain relief in the CCD group compared to the traditional
ice group (p < 0.02). The four opposing studies found no
significant difference in pain relief ranging from the evening
of operation through day 6 between treatment and control
groups [3, 7, 8, 12]. Examining cryotherapy application after
non-ACLR knee arthroscopy, Lessard et al. [27] evaluated
pain relief and reported a significant difference in favour of
cryotherapy compared to no cold controls, while Whitelaw
et al. [59] observed no significant difference in pain relief
between CCD and traditional ice.

Secondary outcomes

Eight studies [3, 6, 8, 12, 23, 36, 45, 58] evaluated the
effects of cryotherapy on narcotic use following ACLR, and
four of eight found a significant decrease in narcotic use [3,
6, 36, 58]. Following non-ACLR knee arthroscopy proce-
dures, Whitelaw et al. [59] and Lessard et al. [27] reported
significant decreases in narcotic use in favour of the cryo-
therapy and CCD group, respectively (p < 0.04). In contrast,
Zaffagnini et al. [63] demonstrated no significant difference
in narcotic use following non-ACLR knee arthroscopy
procedures. Six studies [3, 7, 12, 23, 36, 45] evaluated the
effect of cryotherapy on range of motion, and Rufilli et al.
[45] was the only study that reported a significant improve-
ment post-ACLR (p < 0.01). Out of three studies [3, 45, 58]
that evaluated oedema post-ACLR, Rufilli et al. [45] was
the sole study that reported a significant decrease in knee
oedema in favour of the CCD group (p < 0.01). Following
other arthroscopic surgeries, Whitelaw et al. [59] and Zaff-
agnini et al. [63] were the only study that evaluated range
of motion and oedema, respectively, and reported no sig-
nificant difference. Finally, five studies [8, 12, 23, 36, 45]
evaluated blood loss and one study [36] reported a decrease
in mean blood loss (p < 0.01) while a second study [45]
reported a decrease in suction drainage (p < 0.01) post-
ACLR. No studies evaluated blood loss following non-
ACLR arthroscopic knee surgery.

All four studies [6, 8, 12, 23] that evaluated length of
hospital stay found no significant difference between treat-
ment and control groups. Waterman et al. [58] found no
difference in quality of life or knee function between CCD
and traditional ice following ACLR, nor did Lessard et al.
[27] in Likert scale of well-being between cold and no
cold. However, Brandsson et al. [6] analysed patient satis-
faction and reported an increase with CCD use (p < 0.05)
compared to no cold, and Whitelaw et al. [59] found an
improvement in patient rated difficulty levels in favour of
the CCD compared to traditional ice (p < 0.05).
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Table 1 continued

(5

tive score
Max = 10)

Point and Cumula-

variability
measures

compari-

Group
sons

Intention

to treat
analysis

Follow-
up

Blind
aSSESSOrs

Blind
therapists

Blind par-
ticipants

Concealed Baseline
bility

Random
allocation allocation compara-

Surgery Eligibility
criteria

zation

Modality Randomi-

Refer-
ences

Springer

Cumula-
tive

score

Quasi- ACL Yes Yes No Yes No No No Yes Yes Yes Yes

Shock-

Wang

wave RCT

et al.

[56]
Cumula-
tive

score

Continuous passive motion (CPM)
Range of motion

Two studies included in this systematic review evaluated
the effects of CPM on range of motion, and both reported
no effect [13, 16] (Table 3). Friemert et al. [16] compared
continuous active motion (CAM) to CPM and reported no
significant difference in range of motion. Engstrom et al.
[13] compared active ROM to CPM plus active ROM and
reported no significant difference.

Secondary outcomes

Friemert et al. [16] reported no benefit in pain relief with
the use of CPM compared to active ROM. Moreover, Frie-
mert et al. [16] evaluated joint position sense (JPS) as a
metric to evaluate proprioceptive and sensory motor func-
tion and found a significant improvement of 2.2° in range
of motion in favour of the CAM group (p < 0.01). Eng-
strom et al. [13] reported no significant difference in mus-
cle atrophy. However, joint swelling measured at the mid-
patellar and base of patellar circumference was higher at
both positions in the active-motion group compared to the
CPM group (p < 0.05).

Neuromuscular electrical stimulation (NMES)
Quadriceps strength

Four of the seven studies included in this systematic review
found a significant improvement in quadriceps strength
with NMES application following ACLR [14, 15, 29, 38,
40, 44, 50] (Table 4). Among the four studies, quadriceps
isometric torque [15], quadriceps peak torque [40], isoki-
netic extension strength [14] and faster recovery of quadri-
ceps strength [50] were all significantly improved with
NMES application (p < 0.05). Moreover, high intensity
NMES resulted in more strength recovery than low inten-
sity, or no application of NMES 6 weeks following surgery
(p <0.05) [50].

Functional and self-reported outcomes

Four studies evaluated functional outcomes following
NMES, and all four studies demonstrated a benefit [14, 15,
44, 50]. Feil et al. [14] reported improvements in single-leg
hop and shuttle run (p < 0.01) at 6-weeks post-operation.
Fitzgerald et al. [15] found more patients had returned to
agility training at 16 weeks (p < 0.05). Snyder-Mackler
et al. [50] reported better knee flexion excursion (p < 0.01).
Finally, Ross et al. [44] reported an improvement in knee
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Fig.1 Workflow of PubMed

and Scopus database query Results from initial

database search
(n=1081)

Additional results
from other sources
(n=20)

Duplicates
(n=152)

Unique results
(n=

949)

\4

Titles (n = 778)
Abstracts (n = 104)

Full-text articles
(n=

67)

Non-relevant (n = 35)
Non-English (n =7)

Full-text articles
meeting criteria
(n=25)

Studies included for
systematic review
(n=25)

functional outcomes: unilateral squat and lateral step-up
test assessed at 6 weeks post-ACLR (p < 0.05).

Two studies evaluated self-reported outcomes; both
reported improvements in function following NMES treat-
ment [14, 15]. Fitzgerald et al. [15] reported an improve-
ment in achieved daily living scores at 12 weeks (p < 0.05).
Feil et al. [14] reported an increase in mean improvement
on Lysholm score (p < 0.01).

Surface electromyographic biofeedback (SEMG)
Quadriceps strength

All three studies that assessed the effect of SEMG following
arthroscopic knee surgery reported a benefit in quadriceps
strength [1, 22, 28] (Table 5). Among the three studies, the
SEMG group had greater vastus medialis and lateralis max-
imum contraction values [1, 22, 28] compared to NMES or
rehabilitation alone (p < 0.05).

Functional and self-reported outcomes

Akkaya et al. [1] demonstrated a decrease in time
ambulating with an assistive device when using sEMG
(p < 0.02). Kirnap et al. [22] found greater knee flexion
angles in the treatment group (p < 0.05). Both Akkaya
et al. [1] and Kirnap et al. [22] noted higher Lysholm knee
scores in favour of the SEMG groups post-arthroscopic
surgery (p < 0.05).

Shockwave therapy (EWST)

Only one study reported the effects of shockwave ther-
apy on surgery outcomes. Wang et al. [56] demonstrated
improved knee Lysholm functional scores and tendon bone
healing, decreased tibial tunnel enlargement and decreased
anterior—posterior laxity compared to no-treatment controls
2 years post-ACLR (Table 6).
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Table 3 Characteristics and outcomes on two studies following continuous passive motion (CPM) application after arthroscopic knee surgery

References Participants Treatment Methods Results
Engstrom et al. [13] 34 Patients: Group 1: Active ROM Outcomes were assessed at 1. ROM (degrees)
Group 1: N =17 Group 2: CPM + Active 6 weeks post-operation 2. Muscle atrophy (thigh
Group 2: N = 17 x age: ROM circumference)
27 years 3. Oedema (knee circum-
ference) p < 0.05
Friemert et al. [16] 60 Patients: Group 1: CPM Group 2: Outcomes were assessed at 1. Pain (VAS)

Group 1: N =30 CAM
Group 2: N =30

X age: 23 years

day 7 post-operation 2. ROM (degrees)
3. Joint position sense

p<0.01%

Bold p-values represent a significantly better outcome in the treatment, compared to the control group

Bold p-values* represent a significantly better outcome in control group

Discussion

Three out of five physical devices warrant consideration
of inclusion in post-operative protocols following arthro-
scopic knee surgery. Cryotherapy application can effec-
tively mitigate pain and decrease narcotic consumption,
while SEMG and NMES can both serve as useful adjuncts
to recover quadriceps muscle function and improve knee
functional movement tasks. In contrast, CPM does not
seem to improve range of motion or other outcome metrics
compared with standard rehabilitation alone. There were a
limited number of studies on ESWT application; therefore,
we cannot recommend the inclusion or exclusion of ESWT
into post-operative protocols.

In line with a previous meta-analysis [31], cryotherapy
can decrease pain and reduce narcotic consumption follow-
ing arthroscopic knee surgery, but may not be necessary in
all cases. Previous literature fails to address the question
of whether or not the cryocompression (CCD) benefits are
attributed more to effective cold therapy or the compres-
sion component of the device. The two studies that evalu-
ated pain relief by comparing CCD and compression only
reported no significant difference in pain relief assessed in
the immediate post-operative period (48 h) [8, 12]. Further-
more, the three studies that compared CCD to compression
alone reported no difference in narcotic use [8, 12, 23].
Similar results have been found following total knee arthro-
plasty; there are no significant differences in post-operative
narcotic use between CCD and compression alone [17, 49].
These results suggest that proper compression may be just
as effective in reducing pain relief and narcotic consump-
tion as CCD. Future studies should investigate the effect of
cryotherapy when compared to compression alone.

CPM does not appear to improve outcomes follow-
ing ACL reconstruction. Both studies included in this
review failed to demonstrate a significant improvement
in range of motion, pain relief or muscle atrophy follow-
ing surgery. Oedema was noted as a significant difference

@ Springer

between groups; however, there was a significant differ-
ence between groups pre-operatively. Thus, the difference
cannot definitively be attributed to the intervention. Based
on current evidence, CPM use can easily lead to too much
time spent in bed, which is contrary to many post-operative
protocols [2]. If conducted improperly, it can also induce
undesired strain on healing grafts post-ACLR [10] and may
increase post-operative blood loss [25, 39]. Although only
two studies were included in the evaluation of CPM effi-
cacy, these study results were consistent with randomized
studies performed before our inclusion criteria. Prior to
1995, we found no level 1 or 2 study within our remain-
ing inclusion criteria demonstrating a significant difference
in blood drainage between CPM and non-CPM, while one
study [60] found significantly more blood loss in the CPM
group during post-operative day 1 (p < 0.001). No study
observed a significant difference in knee functional assess-
ment employed through International Knee Documentation
Committee tool. Furthermore, only one [62] out of five [13,
16, 41, 43] studies examining ROM and one [32] of four
[16, 41, 62] studies observing pain relief found a significant
difference in respective outcomes following ACLR. CPM
serves as an added expense, lacks evidence and requires
additional training of staff for implementation; thus, there
does not appear to be an indication for CPM as part of
standard rehabilitation protocols.

NMES in conjunction with exercise appears to be more
effective in improving quadriceps strength, knee function
and self-reported outcome than exercise alone [14, 15].
However, reported improvements in quadriceps strength
were only reported in four of the seven studies included in
this review. Differences in methodology may explain why
two studies failed to produce a significant difference in
quadriceps strength following NMES treatment [29, 38].
Paternostro-Sluga et al. [38] used a portable NMES unit
and found no significant strength improvement; portable
NMES stimulators have previously been shown to produce
no measurable benefit [9, 48]. In contrast to other studies
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Table 4 continued

(5

1. Knee flexion excursion (p < 0.05)

2. Quadriceps index (p < 0.05)
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Participants
110 Patients

Snyder-Mackler et al. [50]

References

Springer

operation

High/low NMES

31

Group 1: N

*Groups 1 and 2 significantly better than

34 Group 3: Low intensity NMES Group 4:

25
20

25 years

Group 2: N
Group 3: N
Group 4: N

Groups 3 and 4 in both outcome metrics

Rehab only

X age:

Bold p-values represent a significantly better outcome in the treatment, compared to the control group

that measure strength benefits [14, 15, 40, 50], Lieber et al.
[29] applied shorter contraction and/or lower frequency.
Given its relatively low cost and evidence suggesting bene-
fit to patients following arthroscopic surgery, NMES should
be considered for rehabilitation protocols following arthro-
scopic knee surgery.

Based on current evidence, SEMG application is rec-
ommended for consideration in post-operative protocols
following arthroscopic surgery. All studies included in
the review-associated sEMG application with improve-
ments in quadriceps strength measured by muscle force,
knee range of motion and functional knee scores com-
pared to standard rehabilitation alone [1, 22, 28]. Unlike
electrically induced muscle activations, SEMG biofeed-
back requires patients to actively contract in response to
stimulation, thereby integrating multiple levels of neu-
ronal activity. sSEMG provides an immediate incentive,
thus producing better outcomes as a result of increased
effort [9]. Persistent quadriceps weakness is a major hur-
dle in arthroscopic knee surgery rehabilitation [19, 37].
The effect of SEMG biofeedback on improved quadriceps
strength may be useful in improving post-arthroscopic
knee rehabilitation. Independent of mechanism, sEMG
biofeedback appears to be an effective complement to
standard rehabilitation protocols. Future long-term stud-
ies are warranted to assess outcomes following ACLR
and long-term benefits, as the current literature does not
observe any post-ACLR sEMG application, nor outcomes
beyond 6 weeks post-operation.

Only one study investigated the effects of shockwave
therapy following arthroscopic surgery; therefore, more
studies are required to warrant inclusion into post-operative
protocols. It has been suggested that tibial tunnel enlarge-
ment might play a pivotal role in the ultimate laxity of
autograft [20, 34, 47]. If future studies can confirm results
by Wang et al. [56], of tibial tunnel enlargement and liga-
ment laxity, this may have implications for use during post-
operative rehabilitation. However, based on the low number
of randomized control trials, we cannot adequately deter-
mine the efficacy of shockwave therapy following arthro-
scopic knee surgery.

All studies in this systematic review contained a small
group of participants (n < 110), which were predomi-
nantly comprised of men. Furthermore, fewer than 30 %
of the studies included in this systematic review evalu-
ated outcomes longer than 6 weeks; thus, there remains
a question of a positive effect on long-term outcomes.
Across all modalities there were several inconsistences
in methodology that included: type of device, duration
of application, type of rehabilitation exercises, follow-up
time period and control groups. In addition, many stud-
ies lacked objective measures of patient compliance of
at-home application and exercises. As a consequence,
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Table 5 Characteristics and outcomes on three studies following SEMG application after arthroscopic knee surgery

References Participants Treatment Methods Results

Akkayaetal. [1] 45 Patients: Group 1: EMGB Outcomes were assessed at 2nd and 6th 1. Vastus medialis oblique (VMO) con-
Group 1: N=15 Group 2: NMES week post-operation traction values (p < 0.02)
x age: 48.3 years Group 3: Rehab 2. Vastus lateralis (VL) contraction
Group 2: N=15  only values (p < 0.05)
X age: 42.7 years 3. Lysholm knee function score
Group 3: N=15 (p <0.02)

X age: 49.8 years

Outcomes assessed at baseline, day 3,
14 and week 6 post-operation

Outcomes assessed at 2 weeks post-

Kirnap et al. [22] 40 Patients: Group 1: EMGB
Group 1: N=20 Group 2: Rehab
Group 2: N =20 only
Levitt et al. [28] 40 Patients: Group 1: EMGB
Group 1: N =28 Group 2: Rehab operation
X age: 45 years only
Group 2: N =23

X age: 48 years

4. VAS pain score

5. Gait velocity

6. Time using a walking aid (p < 0.02)

7. Knee ROM (p < 0.02)

8. Knee oedema

*Group 1 significantly higher VMO and
VL contraction values than Groups 2
and 3

*Group 1 significantly better walking aid
and Lysholm score than Group 3

*Groups 1 and 2 significantly better knee
ROM than Group 3

1. ROM (p < 0.05)
2. Lysholm knee score (p < 0.05)
3. VMO and VL EMG activity (p < 0.05)

1. VMO EMG activity (p < 0.03)

Bold p-values represent a significantly better outcome in the treatment, compared to the control group

Table 6 Characteristics and outcomes on one study following shockwave application after arthroscopic knee surgery

References Participants Treatment Methods Results

Wang et al. [S6] 53 Patients: Group 1: Outcomes were assessed at 6, 12, 24 months 1. IKDC subjective score (p < 0.05)
Group I: N=26  ESWT post-operation 2. Lysholm functional score (p < 0.05)
X age: 28.3 years Group 2: No 3. KT 1000 (p < 0.05)
Group 2: N=27 EWST

X age: 27.7 years

Bold p-values represent a significantly better outcome in the treatment, compared to the control group

notable differences cannot be attributed to any single
factor. Another potential limitation of this review is the
lack of cost—benefit analysis for the incorporation of each
modality into post-operative protocols. Taken together,
this collective analysis provides evidence-based rec-
ommendations for further evaluations of the physical
devices incorporated into current post-operative proto-
cols following arthroscopic knee surgery. Optimal inte-
gration of physical devices can provide a standardized
method to effectively treat patients following arthro-
scopic surgery, and aid physicians and physical therapists
in developing more objective treatment regimens. Moreo-
ver, these enhancements can lead to expedited recovery
and improved patient satisfaction.

Conclusion

Of the devices reviewed, cryotherapy most consistently
improved pain relief and narcotic use following arthro-
scopic knee surgery. Cryocompression devices appear more
effective than traditional icing alone in alleviating pain and
decreasing narcotic consumption following arthroscopic
knee surgery. However, cryocompression devices have not
been shown to improve outcomes compared to compres-
sion alone. Continuous passive motion did not demonstrate
a benefit in any outcome metric evaluated, provides an
added expense and requires additional training for imple-
mentation; thus, there does not appear to be a strong indi-
cation for CPM inclusion as part of standard rehabilitation

@ Springer
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protocols following arthroscopic surgeries. SEMG biofeed-
back improved muscle strength and function in the post-
operative period and should be considered for rehabilitation
following arthroscopic surgery. NMES appears to maintain
and improve post-operative muscle function and should be
considered in post-operative protocols, especially during
the period of limb immobilization. There is limited evi-
dence on shockwave therapy, necessitating further investi-
gation. Additional studies will be required to develop opti-
mal post-operative care regimens to maximize outcomes
following arthroscopic knee surgery.

Acknowledgments We would like to acknowledge Amy Silder,
PhD, and Julie Thompson, PhD, for their assistance in manuscript
preparation.

Author’s contributions CG performed the database search for all
relevant articles and drafted the manuscript. AT performed the data-
base search for all relevant articles and assisted in manuscript prepa-
ration. JD provided expert opinion on systematic review design and
assisted in manuscript preparation.

Compliance with ethical standards

Conflict of interest The authors declare that they have no conflict of
interest.

Funding There is no funding.

Ethical standard This research is in full compliance with ethical
standards.

Informed consent Informed consent is not applicable in this review
article.

References

1. Akkaya N, Ardic F, Ozgen M, Akkaya S, Sahin F, Kilic A (2012)
Efficacy of electromyographic biofeedback and electrical stim-
ulation following arthroscopic partial meniscectomy: a rand-
omized controlled trial. Clin Rehabil 26:224-236

2. Allen C, Glasziou P, Del Mar C (1999) Bed rest: a potentially
harmful treatment needing more careful evaluation. Lancet (Lon-
don, England) 354:1229-1233

3. Barber FA, McGuire DA, Click S (1998) Continuous-flow cold
therapy for outpatient anterior cruciate ligament reconstruction.
Arthroscopy 14:130-135

4. Bennett LA, Brearley SC, Hart JAL, Bailey MJ (2005) A com-
parison of 2 continuous passive motion protocols after total knee
arthroplasty: a controlled and randomized study. J Arthroplasty
20:225-233

5. Berlet GC (2010) ( In the Profession ) Understanding levels of
evidence for scientific. Communication 3:205-209

6. Brandsson S, Rydgren B, Hedner T, Eriksson BI, Lundin O,
Swird L, Karlsson J (1996) Postoperative analgesic effects of an
external cooling system and intra-articular bupivacaine/morphine
after arthroscopic cruciate ligament surgery. Knee Surg Sports
Traumatol Arthrosc 4:200-205

@ Springer

10.

11.

12.

13.

14.

15.

16.

17.

18.

20.

21.

22.

23.

24.

25.

Dambros C, Martimbianco ALC, Polachini LO, Lahoz GL, Cham-
lian TR, Cohen M (2012) Effectiveness of cryotherapy after ante-
rior cruciate ligament reconstruction. Acta Ortop Bras 20:285-290
Dervin GF, Taylor DE, Keene GC (1998) Effects of cold and
compression dressings on early postoperative outcomes for the
arthroscopic anterior cruciate ligament reconstruction patient. J
Orthop Sports Phys Ther 27:403—406

Draper V, Ballard L (1991) Electrical stimulation versus electro-
myographic biofeedback in the recovery of quadriceps femoris
muscle function following anterior cruciate ligament surgery.
Phys Ther 71:455-61; discussion 461-464

Drez D, Paine RM, Neuschwander DC, Young JC In vivo meas-
urement of anterior tibial translation using continuous passive
motion devices. Am J Sports Med 19:381-383

Dursun N, Dursun E, Kili¢ Z (2001) Electromyographic biofeed-
back-controlled exercise versus conservative care for patellofem-
oral pain syndrome. Arch Phys Med Rehabil 82:1692-1695
Edwards DJ, Rimmer M, Keene GC The use of cold therapy in
the postoperative management of patients undergoing arthro-
scopic anterior cruciate ligament reconstruction. Am J Sports
Med 24:193-195

Engstrom B, Sperber A, Wredmark T (1995) Continuous passive
motion in rehabilitation after anterior cruciate ligament recon-
struction. Knee Surg Sports Traumatol Arthrosc 3:18-20

Feil S, Newell J, Minogue C, Paessler HH (2011) The effective-
ness of supplementing a standard rehabilitation program with
superimposed neuromuscular electrical stimulation after anterior
cruciate ligament reconstruction: a prospective, randomized, sin-
gle-blind study. Am J Sports Med 39:1238-1247

Fitzgerald GK, Piva SR, Irrgang JJ (2003) A modified neuro-
muscular electrical stimulation protocol for quadriceps strength
training following anterior cruciate ligament reconstruction. J
Orthop Sports Phys Ther 33:492-501

Friemert B, Bach C, Schwarz W, Gerngross H, Schmidt R (2006)
Benefits of active motion for joint position sense. Knee Surg
Sports Traumatol Arthrosc 14:564-570

Gibbons CE, Solan MC, Ricketts DM, Patterson M (2001)
Cryotherapy compared with Robert Jones bandage after total
knee replacement: a prospective randomized trial. Int Orthop
25:250-252

Higgins JPT, Green S (2011) Cochrane Database of Systematic
Reviews. John Wiley & Sons Ltd, Chichester

. Jarveld T, Kannus P, Latvala K, Jarvinen M (2002) Simple meas-

urements in assessing muscle performance after an ACL recon-
struction. Int J Sports Med 23:196-201

Jarveld T, Moisala A-S, Paakkala T, Paakkala A (2008) Tun-
nel enlargement after double-bundle anterior cruciate ligament
reconstruction: a prospective, randomized study. Arthroscopy
24:1349-1357

Johnson DP, Eastwood DM (1992) Beneficial effects of continu-
ous passive motion after total condylar knee arthroplasty. Ann R
Coll Surg Engl 74:412-416

Kirnap M, Calis M, Turgut AO, Halici M, Tuncel M (2005) The
efficacy of EMG-biofeedback training on quadriceps muscle
strength in patients after arthroscopic meniscectomy. N Z Med J
118:U1704

Konrath GA, Lock T, Goitz HT, Scheidler J (1996) The use of
cold therapy after anterior cruciate ligament reconstruction. A
prospective, randomized study and literature review. Am J Sports
Med 24:629-633

Kullenberg B, Ylipdd S, Soderlund K, Resch S (2006) Postopera-
tive cryotherapy after total knee arthroplasty: a prospective study
of 86 patients. J Arthroplasty 21:1175-1179

Kumar PJ, McPherson EJ, Dorr LD, Wan Z, Baldwin K (1996)
Rehabilitation after total knee arthroplasty: a comparison of 2
rehabilitation techniques. Clin Orthop Relat Res 93-101



Knee Surg Sports Traumatol Arthrosc (2017) 25:501-516

515

26.

217.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

Lee JM, Warren MP, Mason SM (1978) Effects of ice on nerve
conduction velocity. Physiotherapy 64:2—-6

Lessard LA, Scudds RA, Amendola A, Vaz MD (1997) The
efficacy of cryotherapy following arthroscopic knee surgery. J
Orthop Sports Phys Ther 26:14-22

Levitt R, Deisinger JA, Remondet Wall J, Ford L, Cassisi JE
(1995) EMG feedback-assisted postoperative rehabilitation of
minor arthroscopic knee surgeries. J Sports Med Phys Fitness
35:218-223

Lieber RL, Silva PD, Daniel DM (1996) Equal effectiveness of
electrical and volitional strength training for quadriceps femoris
muscles after anterior cruciate ligament surgery. J Orthop Res
14:131-138

Mabher CG, Sherrington C, Herbert RD, Moseley AM, Elkins M
(2003) Reliability of the PEDro scale for rating quality of rand-
omized controlled trials. Phys Ther 83:713-721

Martimbianco ALC, Gomes da Silva BN, de Carvalho APV,
Silva V, Torloni MR, Peccin MS (2014) Effectiveness and safety
of cryotherapy after arthroscopic anterior cruciate ligament
reconstruction. A systematic review of the literature. Phys Ther
Sport Elsevier Ltd 15:261-268

McCarthy MR, Yates CK, Anderson MA, Yates-McCarthy JL
(1993) The effects of immediate continuous passive motion on
pain during the inflammatory phase of soft tissue healing follow-
ing anterior cruciate ligament reconstruction. J Orthop Sports
Phys Ther 17:96-101

Moher D, Shamseer L, Clarke M, Ghersi D, Liberati A, Petticrew
M, Shekelle P, Stewart LA (2015) Preferred reporting items for
systematic review and meta-analysis protocols (PRISMA-P)
2015 statement. Syst Rev 4:1

Moisala A-S, Jarveld T, Paakkala A, Paakkala T, Kannus P,
Jarvinen M (2008) Comparison of the bioabsorbable and metal
screw fixation after ACL reconstruction with a hamstring auto-
graft in MRI and clinical outcome: a prospective randomized
study. Knee Surg Sports Traumatol Arthrosc 16:1080-1086
Myklebust G, Bahr R (2005) Return to play guidelines after
anterior cruciate ligament surgery. Br J Sports Med 39:127-131
Ohkoshi Y, Ohkoshi M, Nagasaki S, Ono A, Hashimoto T,
Yamane S (1999) The effect of cryotherapy on intraarticular tem-
perature and postoperative care after anterior cruciate ligament
reconstruction. Am J Sports Med 27:357-362

Palmieri-Smith RM, Thomas AC, Wojtys EM (2008) Maximiz-
ing quadriceps strength after ACL reconstruction. Clin Sports
Med 27:405-424, vii—ix

Paternostro-Sluga T, Fialka C, Alacamliogliu Y, Saradeth T,
Fialka-Moser V (1999) Neuromuscular electrical stimulation
after anterior cruciate ligament surgery. Clin Orthop Relat Res
166-175

Pope RO, Corcoran S, McCaul K, Howie DW (1997) Continu-
ous passive motion after primary total knee arthroplasty. Does it
offer any benefits? J Bone Joint Surg Br 79:914-917

Rebai H, Barra V, Laborde A, Bonny J-M, Poumarat G, Coudert
J (2002) Effects of two electrical stimulation frequencies in thigh
muscle after knee surgery. Int J Sports Med 23:604—-609

Rigon A, Viola R, Lonedo F (1993) Continuous passive motion
in reconstruction of the anterior cruciate ligament. J Sport Trau-
matol Relat Res 15:187-192

Rompe JD, Hopf C, Nafe B, Burger R (1996) Low-energy extra-
corporeal shock wave therapy for painful heel: a prospective con-
trolled single-blind study. Arch Orthop Trauma Surg 115:75-79
Rosen MA, Jackson DW, Atwell EA The efficacy of continuous
passive motion in the rehabilitation of anterior cruciate ligament
reconstructions. Am J Sports Med 20:122-127

Ross M (2000) The effect of neuromuscular electrical stimula-
tion during closed kinetic chain exercise on lower extremity

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

performance following anterior cruciate ligament reconstruction.
Sport Med Train Rehabil 9:239-251

Ruffilli A, Buda R, Castagnini F, Di Nicolantonio D, Evange-
listi G, Giannini S, Faldini C (2015) Temperature-controlled
continuous cold flow device versus traditional icing regimen
following anterior cruciate ligament reconstruction: a prospec-
tive randomized comparative trial. Arch Orthop Trauma Surg
135:1405-1410

Schaubel HJ (1946) The local use of ice after orthopedic proce-
dures. Am J Surg 72:711-714

Singhal MC, Holzhauer M, Powell D, Johnson DL (2008) MRI
evaluation of the tibial tunnel/screw/tendon interface after ACL
reconstruction using a bioabsorbable interference screw. Ortho-
pedics 31:575-579

Sisk TD, Stralka SW, Deering MB, Griffin JW (1987) Effect of
electrical stimulation on quadriceps strength after reconstruc-
tive surgery of the anterior cruciate ligament. Am J Sports Med
15:215-220

Smith J, Stevens J, Taylor M, Tibbey J (2AD) A randomized,
controlled trial comparing compression bandaging and cold ther-
apy in postoperative total knee replacement surgery. Orthop Nurs
21:61-66

Snyder-Mackler L, Delitto A, Bailey SL, Stralka SW (1995)
Strength of the quadriceps femoris muscle and functional recov-
ery after reconstruction of the anterior cruciate ligament. A pro-
spective, randomized clinical trial of electrical stimulation. J
Bone Joint Surg Am 77:1166-1173

Stevens JE, Mizner RL, Snyder-Mackler L (2004) Neuromus-
cular electrical stimulation for quadriceps muscle strengthen-
ing after bilateral total knee arthroplasty: a case series. J Orthop
Sports Phys Ther 34:21-29

Taber C, Contryman K, Fahrenbruch J, LaCount K, Corn-
wall MW (1992) Measurement of reactive vasodilation during
cold gel pack application to nontraumatized ankles. Phys Ther
72:294-299

Tahami SM, Rad SMD (2015) Outcome of ACL Reconstruction
and Concomitant Articular Injury Treatment. Arch bone Jt Surg
3:260-263

Van Tulder MW, Cherkin DC, Berman B, Lao L, Koes BW
(1999) The effectiveness of acupuncture in the management of
acute and chronic low back pain. A systematic review within the
framework of the Cochrane Collaboration Back Review Group.
Spine (Phila. Pa. 1976) 24:1113-1123

Vulpiani MC, Vetrano M, Trischitta D, Scarcello L, Chizzi F,
Argento G, Saraceni VM, Maftulli N, Ferretti A (2012) Extracor-
poreal shock wave therapy in early osteonecrosis of the femoral
head: prospective clinical study with long-term follow-up. Arch
Orthop Trauma Surg 132:499-508

Wang C-J, Ko J-Y, Chou W-Y, Hsu S-L, Ko S-F, Huang C-C,
Chang H-W (2014) Shockwave therapy improves anterior cruci-
ate ligament reconstruction. J Surg Res 188:110-118

Wang C-J, Wang F-S, Ko J-Y, Huang H-Y, Chen C-J, Sun Y-C,
Yang Y-J (2008) Extracorporeal shockwave therapy shows regen-
eration in hip necrosis. Rheumatology (Oxford) 47:542-546
Waterman B, Walker JJ, Swaims C, Shortt M, Todd MS, Machen
SM, Owens BD (2012) The efficacy of combined cryotherapy
and compression compared with cryotherapy alone follow-
ing anterior cruciate ligament reconstruction. J Knee Surg
25:155-160

Whitelaw GP, DeMuth KA, Demos HA, Schepsis A, Jacques E
(1995) The use of the Cryo/Cuff versus ice and elastic wrap in
the postoperative care of knee arthroscopy patients. Am J Knee
Surg 8:28-30; discussion 30-31

Witherow GE, Bollen SR, Pinczewski LA (1993) The use of con-
tinuous passive motion after arthroscopically assisted anterior

@ Springer



516 Knee Surg Sports Traumatol Arthrosc (2017) 25:501-516

cruciate ligament reconstruction: help or hindrance? Knee Surg 63. Zaffagnini S, Iacono F, Petitto A, Loreti I, Fu FH, Marcacci M
Sports Traumatol Arthrosc 1:68-70 (1998) Cryo/Cuff use after arthroscopic surgery: effect on knee
61. Wright JG (2007) A practical guide to assigning levels of evi- joint temperature. Am J Knee Surg 11:203-207

dence. J Bone Joint Surg Am 89:1128-1130

62. Yates CK, McCarthy MR, Hirsch HS, Pascale MS (1992) Effects
of continuous passive motion following ACL reconstruction with
autogenous patellar tendon grafts. J Sport Rehabil 1:121-131

@ Springer



	The efficacy of post-operative devices following knee arthroscopic surgery: a systematic review
	Abstract 
	Purpose 
	Methods 
	Results 
	Conclusion 
	Level of evidence 

	Introduction
	Materials and methods
	Eligibility criteria
	Outcome measures
	Search protocol
	Study selection
	Assessment of risk of bias in studies
	Search results

	Cryotherapy
	Pain relief
	Secondary outcomes

	Continuous passive motion (CPM)
	Range of motion
	Secondary outcomes

	Neuromuscular electrical stimulation (NMES)
	Quadriceps strength
	Functional and self-reported outcomes

	Surface electromyographic biofeedback (sEMG)
	Quadriceps strength
	Functional and self-reported outcomes

	Shockwave therapy (EWST)
	Discussion
	Conclusion
	Acknowledgments 
	References




