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Abstract

Purpose of Review As rehabilitation patient volume across the age spectrum increases and reimbursement rates decrease,
clinicians are forced to produce favorable outcomes with limited resources and time. The purpose of this review is to highlight
new technologies being utilized to improve standardization and outcomes for patients rehabilitating orthopedic injuries ranging
from sports medicine to trauma to joint arthroplasty.

Recent Findings A proliferation of new technologies in rehabilitation has recently occurred with the hope of improved outcomes,
better patient compliance and safety, and return to athletic performance. These include technologies applied directly to the patient
such as exoskeletons and instrumented insoles to extrinsic applications such as biofeedback and personalized reference charts.
Well-structured randomized trials are ongoing centered around the efficacy and safety of these new technologies to help guide
clinical necessity and appropriate application.

Summary We present a range of new technologies that may assist a diverse population of orthopedic conditions. Many of these
interventions are already supported by level 1 evidence and appear safe and feasible for most clinical settings.

Keywords Blood flow restriction - Exoskeleton - Biofeedback - Instrumented insoles - Patient-centered care - Musculoskeletal
ultrasound

Introduction disability, chronic pain, and reduced quality of life when pa-

tient outcomes are below optimal [1]. The overall aging of the
The steady increase in the burden of musculoskeletal injury ~ population and longer life expectancy will drive more patients
conditions in the USA has brought focus on the high rates of  to seek medical care to improve age-related musculoskeletal
decline and injury. This burden is not isolated to the aging
population, but across the lifespan of individuals who suffer
high and low energy orthopedic trauma from sports, work,
combat, and everyday life.

Through advancements in technology, post-injury rehabil-
itation is leveraging the ability to push the envelope in hopes
54 Johnny G Owens of an expedited recovery, standardization of treatments, closer

johnny@ors.io discharge to prior injury status, and reduced disability. The
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ranging from sports medicine to joint arthroplasty to trauma.

This article is part of the Topical Collection on The Use of Technology in
Orthopaedic Surgery—Intraoperative and Post-Operative Management

Owens Recovery Science, San Antonio, TX, USA

University of Colorado Anschutz Medical Campus, Department of
Physical Medicine and Rehabilitation, Aurora, CO, USA

Veterans Affairs Geriatric Research, Education, and Clinical Center,

VA Eastern Colorado Healthcare System, Aurora, CO, USA Blood Flow Restriction Rehabilitation
* Sports Medicine Division, United States Olympic & Paralympic
Committee, Colorado Springs, CO, USA During the quiescent period of recovery from injury or sur-
> US Coalition for the Prevention of Illness and Injury in Sport, gery, patients are susceptible to rapid and significant losses in
Colorado Springs, CO, USA muscle strength and size [2, 3]. Current guidelines

@ Springer


http://crossmark.crossref.org/dialog/?doi=10.1007/s12178-020-09610-6&domain=pdf
mailto:johnny@ors.io

Curr Rev Musculoskelet Med (2020) 13:200-211

201

recommend lifting moderate to heavy resistance exercise
loads, 65-70% 1 repetition maximum (1RM) to create a phys-
iological response for muscle adaptation and slow the loss of
muscle during periods of disuse [4]. Often, post-operative
restrictions and pain curb the clinical population’s ability to
handle these recommended loads. This creates a paradox for
rehabilitation professionals who try to limit disuse atrophy and
restore muscle quantity and quality when constrained to low-
loads. Blood flow restriction (BFR) rehabilitation has recently
gained in popularity in the clinical setting via the ability to
achieve similar benefits as high load training while using
loads below 30% 1RM.

The application of BFR requires applying a tourniquet cuff,
similar to a surgical tourniquet, to the proximal thigh or arm to
reduce arterial inflow while completely occluding venous re-
turn (Fig. 1). By combining BFR with low-load exercises in-
creases in muscle size and strength similar to heavy-load train-
ing have been demonstrated [5ee, 6]. Although BFR is low-
load, it is high volume with most exercise prescriptions requir-
ing 75 repetitions. Current guidelines suggest personalization
of the cuff pressure to each individual may help prevent injury
and improve standardization and efficacy of treatments [7¢].
This personalization is often termed limb occlusion pressure
(LOP) or arterial occlusion pressure (AOP) in the current liter-
ature. Personalization is achieved through BFR systems with
built-in doppler like technology or via hand-held doppler mea-
surements [8, 9]. Although the amount of restriction pressure
needed to maximize effectiveness and safety is still under in-
vestigation, recent research suggests that in the lower extremity
60% limb occlusion pressure may be the minimum effective
dose to achieve a response with pressure up to 80% possibly
augmenting the response [10]. As the ability to tolerate load
decreases, then the applied occlusion pressure may need to
increase. This may be important in clinical settings where pa-
tients may not tolerate even 20% of 1RM; in this case, up to

Fig. 1 Patient performing blood flow restriction rehabilitation

80% LOP in the lower extremities may be required to reach
similar adaptations as heavy-load training [11].

Systematic reviews and meta-analysis have demonstrated
the effectiveness of BFR in healthy, clinical, and elderly pop-
ulations [7¢, 12, 13]. Although the exact mechanisms behind
BFR and muscle adaptation are still not fully understood, sev-
eral theories have been presented. One prevailing hypothesis
is the recruitment of larger, fast-twitch motor units during the
hypoxic state created by the tourniquet. This, in turn, creates a
muscle metabolite milieu that signals downstream anabolic
signaling including increases in muscle protein synthesis,
myonuclei, growth hormone, and muscle and bone gene ex-
pression [14—16].

Although relatively new and novel in the clinical setting, the
overall safety of blood flow restriction has been studied in both
healthy and clinical populations with minimal side-effects [17].
The majority of published and ongoing clinical trials have fo-
cused on sports medicine injuries; however, total joint, limb
salvage, and muscle wasting disease populations have been
studied without adverse events and with positive results
[18-20]. Although BFR research has focused primarily on
muscle adaptations, recent studies have demonstrated the abil-
ity of BFR to improve tendon stiffness and tendon cross-
sectional area similar to heavy-load training and reducing bone
loss after ACL surgery [21, 22¢]. Ongoing and future trials will
help identify which diagnoses are the most appropriate for BFR
and establish best practice guidelines for early use of BFR,
LOP, and dosing protocols post-surgery to maximize the re-
sponse. Since the majority of orthopedic patients experience
periods of disuse from injury or surgery, BFR appears to be a
promising new technique to mitigate the loss of muscle that has
historically been an accepted consequence of injury.

Exoskeletons for High Energy Lower
Extremity Trauma

The decision to amputate or salvage a limb after high ener-
gy lower extremity trauma (HELET) remains controversial.
Factors such as patient-perceived expectations, surgeon
preference, and conflicting published trials have made con-
sistent guidelines difficult to establish. Although the LEAP
study found no difference in functional outcomes at 2 and
7 years between open-tibia fractures who went on to limb
salvage or amputation, a subsequent military study,
METALS, reported overall improved functional outcomes
in service members who elected amputation over limb sal-
vage [23, 24]. The disparity in the results of these studies
may be in large part due to the higher physical fitness and
functional expectations in the younger and more active mil-
itary population. In turn, this could lead to a loss of self-
efficacy in the limb salvage military cohort from the inabil-
ity to perform military tasks such as running.
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With increasing numbers of service members undergo-
ing limb salvage during Operation Iraqi and Enduring
Freedom, more robust and aggressive rehabilitation pro-
grams began to develop to accommodate the prolonged
circular ring fixation phase [25]. Unfortunately, the loss of
plantarflexion force and pain that persisted despite bone
union left the majority of the limb salvage patients unable
to stay on active duty [26]. To combat this, a custom
energy-storing carbon fiber ankle-foot orthosis called the
intrepid dynamic exoskeletal orthosis (IDEO) was devel-
oped. The IDEO utilizes a foot-plate with a rollover design
to allow engagement from heel strike to toe-off to load
posterior struts that simulate plantarflexion torque
(Fig. 2). Additionally, minimal ankle and foot range of mo-
tion is allowed in the IDEO which helps reduce pain from
sources like post-traumatic osteoarthritis. This allows indi-
viduals to tolerate high impact activities and if higher-level
tasks such as running are desired then applying more force
through the mid-foot of the device increases the strut load-
ing with a subsequent increase in power [27, 28]. To aid
service members in the utilization and optimization of
higher-level function in the IDEO, a specialized rehabilita-
tion program called the Return to Run (RTR) Clinical
Pathway has been developed [29]. The combination of
IDEO and RTR has led to reduced delayed amputation
rates, improved self-reported scores, improved validated
performance outcomes, and improved return-to-duty-rates.
Furthermore, the results appear translatable across multiple
military institutions [30e]. Although overall adoption out-
side the military setting has been slow, partly due to reim-
bursement rates, there has been a recent rise in civilian
medical centers and prosthetic companies adopting an exo-
skeleton type device coupled with aggressive rehabilitation.

Fig. 2 Intrepid dynamic exoskeletal orthosis (IDEO)
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Force Plates

Force plates measure force production over time, providing
insight into the kinetics of functional movement. Force plate
manufacturers have produced affordable hardware and
clinician-friendly software solutions that analyze and report
kinetic performance with dual plates in real-time. We use
functional testing batteries with bilateral comparison of kinetic
performance in the clinical setting. These protocols take only a
few minutes and can be analyzed without the assistance of a
biomechanist. Applications include baseline kinetic profiling,
a monitoring tool and outcome measure during rehabilitation,
and to assess athletes’ response to training.

Dual force plates can assess each limb’s ground-based
movements or can be used individually for single-leg move-
ments. The most studied test batteries include the squat jump,
counter-movement jump, and mid-thigh high pull [31-33].
These provide reproducible performance metrics well suited
for profiling and monitoring purposes [34¢].

The force-time curve is compared with the kinematics of the
athlete to quantify force application during specific phases of the
movement (see Fig. 3). Phase specific metrics are used to profile
performance kinetics. During rehabilitation, deficits in kinetic
performance are identified via a comparison of force during bi-
lateral tasks [35, 36]. Video or motion capture synchronization
allows the clinician to determine if deficits are specific to con-
traction type or joint position. These deficits are targeted in reha-
bilitation or training plans and monitored as outcome measures.

Our understanding of the relationship between dual force
plate performance and musculoskeletal health is rapidly
evolving. Asymmetry in force production appears to be a risk
factor for subsequent injury in some sport populations [37].
However, asymmetries are likely task-specific and may be
normal in sports that are not bilateral in nature [38e¢]. There
is a growing body of literature describing normative symmetry
in specific sport populations that can be used to guide clinical
decisions [38¢¢]. As force plates are used more broadly in
clinical and research settings, we expect to learn how an indi-
vidual’s force profile affects their future musculoskeletal inju-
ry risk and ability to perform in sport.

Motion Capture and Video Biofeedback

Video motion capture tools are now freely available to the
general public. Smartphone-based applications leverage high
speed video and machine learning algorithms to create biome-
chanical models that can be used in real time. The size and
price of IMU sensors, comprised of accelerometers, gyro-
scopes, and even GPS, now allows for accurate 3-
dimensional motion capture to be performed in the clinic or
on the field. Early clinical use of this technology was limited
to periodic screening of standardized movements. However,
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Fig. 3 Force-time curve obtained
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we are now able to use these technologies to quantify and
visualize real-time movement during rehabilitation exercises.
By involving the patient in this live analysis of their move-
ment, this technology can be used as biofeedback.

Real-time video or motion capture biofeedback increases a
patient’s awareness of their movement signature. Patients can
interact with live motion capture displays to modify or correct
their movement based on clinician cues. We have found that
displaying graphical summaries of movement, such as bar
charts for range of motion, provide patients with simple tar-
gets to achieve during rehabilitation exercises (see Fig. 4). For
example, we may instrument a patient with IMU’s and show
them a monitor with graphs of bilateral knee extension during
treadmill walking. Instead of providing internal cues, the ther-
apist asks the patient to strive for symmetry of the injured and
non-injured knee from the graphical display. Early research on
biofeedback shows greater effects in motor learning than con-
ventional physical therapy [39].
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Fig. 4 Gait biofeedback
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Musculoskeletal Ultrasound in Soft Tissue
Injury

Ultrasound is an ideal musculoskeletal imaging modality in
the outpatient setting due to its high resolution, non-invasive
nature, low cost, and ready availability [40]. Traditionally
considered a diagnostic tool, advances in technology have
led to new applications with potential to guide loading pre-
scription during rehabilitation of soft tissue injuries [41]. We
can now visualize soft tissue healing, quantify muscle archi-
tecture, and evaluate changes in muscle stiffness and density.
These innovations are changing the way we understand mus-
cle recovery from injury—an important development that will
improve clinical decision making.

Ultrasound can visualize the location and severity of soft
tissue lesions (see Fig. 5). Because ultrasound is low-cost
modality and does not use ionizing radiation, it can be used
as a periodic assessment tool. The phases of soft tissue healing

Noraxon MyoMotion (Correction: Treadmill mode) Pressure, Gait mode
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Fig. 5 High frequency ultrasound
of rectus femoris showing injury
at 2 weeks (top) and healing

6 weeks (bottom) after a
myofascial strain of the rectus
femoris. From: Aubry S, Nueffer
J-P, Tanter M, et al.
Viscoelasticity in Achilles
tendonopathy: quantitative
assessment by using real-time
shear-wave elastography.
Radiology 2014; 274:821-829

can be monitored and classified, including changes in anato-
my and vascular activity around the injury. Although still ex-
perimental, there are ultrasound criteria-based protocols guid-
ing return to activity after injury that are being tested in sports
medicine settings [41].

A muscle’s capacity to create and absorb force largely de-
pends on its architecture. Muscle architecture is defined by
shape, thickness, fascicle length, and pennation angle [42].
By assessing these characteristics, we can determine if a mus-
cle’s morphology is appropriate for the mechanical demands
placed on it during sport with reliable validity [43]. For exam-
ple, shorter biceps femoris long head fascicle length is associ-
ated with increased risk of hamstring strain. This is a modifi-
able risk factor that can be changed with just a few weeks of
eccentric exercise [44]. These findings suggest that there is a
role for ultrasound as a screening and monitoring tool for
patients at risk of muscle strain.

Ultrasound technology has been developed that allows the
clinician to quantify the elasticity and functional recovery of a
tissue [45]. This application spawns from cancer research,

@ Springer

where density can be used to differentiate abnormal soft tis-
sues masses from surrounding normal anatomy. In musculo-
skeletal medicine, these techniques could be used to provide
valuable information on tissue health and load-bearing capac-
ity, such as identifying stiffness in shoulder capsules in over-
head throwers, or loss of stiffness in Achilles tendinopathy
[46, 47]. As this technology evolves, we expect it to have a
place in the outpatient clinical setting as a diagnostic and load
management decision-making tool.

Instrumented Insoles: Use of Real-time
Feedback to Improve Patient Outcomes

Recent advances in instrumented insoles have enabled clini-
cians and researchers to access kinetic and spatiotemporal data
formerly confined to biomechanical laboratories in the clinical
or free-living environment. Instrumented insoles such as the
Novel Loadsol (Novel.de) are available at low cost, capable of
providing data in real-time to an Android or i0OS device, and
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can provide numerous forms of biofeedback (haptic, auditory,
and visual) to users. This technology has been utilized to im-
prove movement quality, increase lower limb loading, im-
prove adherence to weight-bearing restrictions, and benefi-
cially alter gait mechanics.

Compensatory movement patterns are common following
lower extremity orthopedic surgeries. Multiple studies have
noted persistent compensatory movement patterns for years
following unilateral total knee arthroplasty (TKA) during
functional tasks including sit to stand, gait, and stair naviga-
tion [48-53].

These compensatory movement patterns are characterized
by disuse of the surgical limb, resulting in smaller knee exten-
sion moments which contribute to persistent quadriceps weak-
ness and poor physical function [54-56]. Additionally, the
greatest predictor of movement compensations 1 month fol-
lowing unilateral TKA was the presence of compensations
preoperatively [55]. Collectively, these findings suggest that
compensatory motor patterns are learned prior to surgery and
do not respond to impairment-based rehabilitation. In addi-
tion, compensatory movement patterns may be linked to pro-
gression of knee osteoarthritis (OA) and subsequent TKA in
the non-surgical limb due to increased loading on the non-
surgical knee. Therefore, there is a need for improved post-
operative rehabilitation using motor learning principles, which
may be combined with instrumented insoles.

Retraining compensatory movement patterns requires suc-
cessful motor learning. Successful motor learning requires
frequent and random practice which is not feasible in many
clinical settings [57]. While biofeedback has been used in
laboratory and rehabilitation settings to improve movement
quality, these interventions have been limited due to low prac-
tice volume and feedback during a small number of tasks in a
highly controlled environment [58, 59+, 60]. Instrumented in-
soles provide a means of assessing movement quality during a
variety of activities occurring in real life environments using
varying feedback schedules for optimal motor learning. The
authors (MR, MB) are currently conducting a randomized
controlled trial (NCT03325062) using instrumented insoles
to provide real-time feedback in combination with motor
learning principles to improve movement quality following
unilateral TKA. Pilot data informing this study showed that
this intervention improved movement quality during function-
al tasks 6 months post-operatively [61].

Instrumented insoles have also been used to facilitate im-
proved limb loading in the early post-operative period as well
as improved adherence to weight-bearing restrictions. In a non-
randomized trial by Raaben et al., individuals without weight-
bearing restrictions following lower extremity surgery were
trained to increase loading of their involved limb during gait
[62]. They showed improvements to 63% weight-bearing when
receiving real-time feedback. This same group of researchers is
expanding their work to a multicenter randomized controlled

trial involving elderly individuals following proximal femoral
fracture [63]. Conversely, weight-bearing restrictions are com-
mon following surgery, and most individuals, especially older
adults, are unable to maintain weight-bearing restrictions [64,
65]. In order to improve adherence, instrumented insoles have
been used to provide real-time feedback to train correct weight-
bearing resulting in short-term success but limited carry-over at
longer-term follow-up [63, 66, 67]. Future studies need to con-
sider how to improve sustainability of training to facilitate
learning. Both applications have potential to improve patient
outcomes and inform post-operative protocols.

Finally, instrumented insoles have also been used to retrain
maladaptive gait patterns. For example, increased lateral pres-
sure of the foot during stance increases knee adduction mo-
ments (KAM) which have been positively correlated with se-
verity and progression of knee OA [68, 69]. Three feasibility
studies have examined the use of insoles with audio and haptic
real-time feedback to alter foot mechanics by medializing
plantar pressure [70, 71, 72]. In these studies, individuals
were successful in achieving short-term changes in gait pa-
rameters resulting in reduced KAM. These techniques have
yet to be used in larger scale randomized trials or with indi-
viduals experiencing lower extremity pathology.

Future research utilizing instrumented insoles will most
likely expand into additional orthopedic populations that
typically demonstrate compensatory movement patterns,
such as after lower limb amputation, or those that require
specific weight-bearing protocols, such as after lower ex-
tremity fracture, to help improve outcomes in these popu-
lations. These technologies may also improve remote mon-
itoring which has implications for improving physical ac-
tivity, recognizing function decline earlier, and tracking
falls.

Patient-centered Care in Total Joint
Arthroplasty: Tools for Personalized Care
Before and After Surgery

Increasingly, patient-centered care is gaining traction in med-
icine due to its association with improved health outcomes,
patient satisfaction, and reduced healthcare costs [73, 74]. The
exchange of information between patient and provider is a key
component of patient-centered care [75]. Particularly within
the field of elective orthopedic surgery, this exchange is par-
ticularly important to ensure that decisions align with the pa-
tient’s preferences, needs, and values [76]. Recent survey data
suggests that patients considering TKA desire information
regarding their projected outcome after surgery [77-79].
Despite the fact that total joint arthroplasty (TJA) is widely
considered an effective surgery, it can be challenging to accu-
rately predict outcomes and recovery for individuals within
such a heterogeneous population [80]. Therefore, there is a
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growing need for the creation of patient-specific information
regarding outcomes and recovery in the field of TJA and other
elective orthopedic surgeries.

Within the field of TJA, several tools have been developed
for use before surgery to help clinicians provide more patient-
specific care by utilizing patient-reported outcome measures
(PROMs). The Arthroplasty Candidacy Help Engine (ACHE)
tool utilizes regression modeling with common PROMs to
determine a patient’s likelihood of having a successful out-
come after TJA [81]. Similarly, utilized logistic regression
modeling can create predictive algorithms for PROMs and
the likelihood of residual symptoms during common function-
al activities after TKA [82]. Despite the fact that PROMs are
validated measures of recovery, it is important to acknowledge
their potential limitations for monitoring recovery after sur-
gery [83]. PROMs may fail to capture a patient’s initial func-
tional decline after surgery and have been associated more
strongly with pain than objective measures of functional per-
formance in TJA recovery [84-87]. It has also been suggested
that PROMs are not sensitive to the risk of adverse events,
which could allow risks for arthrofibrosis or infection to go
undetected [88].

In contrast to the recent increase in tools for personalized
care before TJA, clinicians have few tools available to provide
patients with individualized recovery monitoring. Existing
tools such as the Risk Assessment and Predictor Tool
(RAPT) and others have been validated to predict discharge
location after TJA [89, 90]. However, there are currently no
tools available to our knowledge that allow clinicians to accu-
rately monitor recovery throughout rehabilitation at the level
of the individual patient. This is particularly problematic as
patients have identified lack of information regarding their
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course of recovery as a source of anxiety and potential barrier
to the decision to undertake surgery [91, 92]. Some patients
recovering from TKA have also reported the information they
receive about post-operative recovery is either insufficient or
incongruent with their actual experience [93].

Personalized Reference Charts: a Novel Tool
for Personalized Care

Recently, a “people-like-me” approach has been suggested as
a promising new mechanism for providing patient-specific
medical care [94]. This approach matches individual patients
with similar patients from historical data and utilizes the re-
covery data from these historical patients to create a personal-
ized estimate of the recovery trajectory for the individual [95].
This “people-like-me” methodology has been proposed as a
useful tool for informing patient expectations and post-
operative monitoring in patients recovering from orthopedic
surgery [96+¢]. Personalized reference charts (PRCs) are cre-
ated using “curve matching” which has been utilized to im-
prove the predictive capability of pediatric growth charts [95].
Just as growth charts can be used to predict and monitor an
infant’s growth based on the historical data of similar children,
PRCs can be used to predict and monitor patient outcomes
based on the recovery data of previous similar patients.
Preliminary work has consisted of creating PRCs for out-
come measures which are meaningful in TKA recovery and
commonly collected in clinical practice. Knee range of motion
(ROM) and timed up and go (TUG) provide a readily apparent
example of how PRCs can inform patient-centered care.
Consider a hypothetical patient who presents to physical
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Fig. 7 PRCs demonstrating a follow up visit 14 days later. The patient’s

flexion ROM is still above the median while her TUG time has improved
significantly compared to similar patients with TKA. At 32 days post-

therapy shortly after TKA. She is anxious about her recovery
and unsure if she is on track for a successful outcome. Her
physical therapist could utilize PRCs at her initial evaluation
to compare her current status to her predicted status at this
point in her recovery. In this example, she currently has knee
flexion ROM greater than 82% of “people-like-her” and is
predicted with substantial certainty to attain a functional level
of motion. However, her TUG time, which is a validated mea-
sure for monitoring physical function in TJA, is slower than
75% of her peers [97] (Fig. 6).This information could allow
her to create a plan of care with her physical therapist that is
specific to her individual needs and emphasizes strength and
balance (to improve TUG performance) over knee ROM.
Additionally, these PRCs could be used to monitor the effec-
tiveness of her plan of care. If she returns to physical therapy
several weeks later and demonstrates both a TUG time and
knee ROM superior to the median in her PRCs, it provides her
the necessary information and the opportunity to discuss the
possibility of reduced frequency of care or discharge with her
physical therapist (Fig. 7). PRCs could also be used by the
surgical team as a screening tool for referral to physical ther-
apy or to determine when additional intervention may be re-
quired for a successful recovery (e.g., manipulation under an-
esthesia). Conceivably, all of these strategies provide the op-
portunity for improved cost-effectiveness in care after TKA.

PRCs with a “people-like-me” approach has the potential
to improve patient-centered care, increase efficiency of care,
and facilitate superior outcomes for patients recovering from
TKA. Our early work suggests that PRCs are precise and
accurate, but the strategy for successful implementation into
clinical practice is ongoing.
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surgery, the patient’s knee flexion ROM is greater than 55% of
similar patients. At 32 days post-surgery, the patient’s TUG time is
faster than 70% of similar patients

Conclusion

We live in an age of rapid technology advancements and it
is expected that a flood of new technologies will be intro-
duced within the rehabilitation space. To justify the asso-
ciated monetary cost of new technologies, clinicians will
need to turn to well-structured randomized clinical trials to
determine the need to adopt. Fortunately, the technologies
in this manuscript have already shown promise in pub-
lished trials or have well-structured trials ongoing. This
may serve as a template for other new technologies to
avoid the lure of marketing noise and rely more on
evidence-based claims.

Compliance with Ethical Standards

Conflict of Interest Michelle Rauzi, Andrew Kittleson, Michael Bade,
Julia Johnson, and Dustin Nabhan declare no conflict of interest. Johnny
Owens is a paid research consultant for the Major Extremity Trauma
Research Consortium and receives royalties from Delfi Medical
Innovations, INC.

Human and Animal Rights All reported studies/experiments with hu-
man or animal subjects performed by the authors have been previously
published and complied with all applicable ethical standards (including
the Helsinki declaration and its amendments, institutional/national re-
search committee standards, and international/national/institutional
guidelines).

Informed Consent Informed consent was obtained from all individual
participants included in the study. Additional informed consent was ob-
tained from all individual participants for whom identifying information
is included in this article.

@ Springer



208

Curr Rev Musculoskelet Med (2020) 13:200-211

References

Papers of particular interest, published recently, have been
highlighted as:

» Of importance

¢ Of major importance

10.

11.

12.

13.

Weinstein SL. 2000-2010: The bone and joint decade. J Bone Joint
Surg Am. 2000;82(1):1-3.

Glover EI, Phillips SM, Oates BR, Tang JE, Tarnopolsky MA,
Selby A, et al. Immobilization induces anabolic resistance in human
Myofibrillar protein synthesis with low and high dose amino acid
infusion. J Physiol. 2008;586(24):6049-61.

Wall BT, Dirks ML, Snijders T, Senden JMG, Dolmans J, LIC v L.
Substantial skeletal muscle loss occurs during only 5 days of disuse.
Acta Physiol. 2014;210(3):600-11.

Garber CE, Blissmer B, Deschenes MR, Franklin BA, Lamonte
M]J, Lee I-M, et al. American College of Sports Medicine position
stand. Quantity and quality of exercise for developing and main-
taining cardiorespiratory, musculoskeletal, and neuromotor fitness
in apparently healthy adults: guidance for prescribing exercise. Med
Sci Sports Exerc. 2011;43(7):1334-59.

Hughes L, Rosenblatt B, Haddad F, Gissane C, McCarthy D,
Clarke T, et al. Comparing the effectiveness of blood flow restric-
tion and traditional heavy load resistance training in the post sur-
gery rehabilitation of anterior cruciate ligament reconstruction pa-
tients: A UK national health service randomised controlled trial.
Sports Med. 2019;49(11):1787-805 Post-surgical BFR trail per-
formed in conjunction with the UK NHS that found BFR and
heavy load training had similar strength and hypertrophy ad-
aptations; however, the BFR cohort had significantly less pain,
less effusion, improved ROM, improved functional scores, and
improved PROMS compared with the heavy load training
cohort.

Laurentino GC, Ugrinowitsch C, Roschel H, Aoki MS, Soares AG,
Jr MN, et al. Strength training with blood flow restriction dimin-
ishes myostatin gene expression. Med Sci Sports Exerc.
2012;44(3):406-12.

Patterson S, Hughes L, Warmington S, Burr J, Scott B, Owens J, et
al. Blood flow restriction exercise position stand: considerations of
methodology, application and safety. Front Physiol. 2019;10:533
BFR researchers from around the world came together as a
consensus on best practice guidelines for clinical and research
applications.

Masri BA, Day B, Younger ASE, Jeyasurya J. Technique for mea-
suring limb occlusion pressure that facilitates personalized tourni-
quet systems: a randomized trial. ] Med Biologicl Engin.
2016;36(5):644-50.

McEwen JA, et al. Why is it crucial to use personalized occlusion
pressures in blood flow restriction (BFR) rehabilitation? J Med
Biologicl Engin. 2018;39(2):173-7. https://doi.org/10.1007/
563s40846-018-0397-7.

Ilett M, Rantalainen T, Keske M, May A, Warmington S. The ef-
fects of restriction pressures on the acute responses to blood flow
restriction exercise. Front Physiol. 2019;10:1018.

Lixandrao ME, Ugrinowitsch C, Laurentino G, Libardi CA, Aihara
AY, Cardoso FN, et al. Effects of exercise intensity and occlusion
pressure after 12 weeks of resistance training with blood-flow re-
striction. Eur J Appl Physiol. 2015;115(12):2471-80.

Slysz J, Stultz J, Burr JF. The efficacy of blood flow restricted
exercise: a systematic review & meta-analysis. J Sci Med Sport
Aus. 2016;19(8):669-75.

Centner C, Wiegel P, Gollhofer A, Konig D. Effects of blood flow
restriction training on muscular strength and hypertrophy in older

@ Springer

14.

15.0¢

16.

17.

18.

19.

20.

21.

22..

23.

24.

25.

26.

27.

28.

individuals: a systematic review and meta-analysis. Sports Med.
2018;49(1):95-108.

Nyakayiru J, Fuchs CJ, Trommelen J, Smeets JSJ, Senden JM,
Gijsen AP, et al. Blood flow restriction only increases myofibrillar
protein synthesis with exercise. Med Sci Sports Exerc. 2019;51(6):
1137-45.

Nielsen JL, et al. Proliferation of myogenic stem cells in human
skeletal muscle in response to low-load resistance training with
blood flow restriction. J Physiol. 2012;590(17):4351-61 First
BFR paper to identify a substantial rise in myogenic stem cells
in the BFR cohort compared with work matched controls.
Shimizu R, Hotta K, Yamamoto S, Matsumoto T, Kamiya K, Kato
M, et al. Low-intensity resistance training with blood flow restric-
tion improves vascular endothelial function and peripheral blood
circulation in healthy elderly people. Eur J Appl Physiol.
2016;116(4):749-57.

Minniti MC, Statkevich AP, Kelly RL, Rigsby VP, Exline MM,
Rhon DI, et al. The safety of blood flow restriction training as a
therapeutic intervention for patients with musculoskeletal disorders:
a systematic review. Am J Sports Med. 2019;11:
0363546519882652.

Sheley, Stephanie R., Todd Ward, Blake C. Clifton, and Christina
A. Buchanan. n.d. Personalized blood flow restriction: a pilot study
for total knee arthroplasty rehabilitation.

Hylden C, Burns T, Stinner D, Owens J. Blood flow restriction
rehabilitation for extremity weakness: a case series. J Special
Oper Med. 2015;15(1):50-6.

Jorgensen, A. N., P. Aagaard, U. Frandsen, E. Boyle, and L. P.
Diederichsen. 2018. Blood-flow restricted resistance training in pa-
tients with sporadic inclusion body myositis: a randomized con-
trolled trial. Scand J Rheumatol, May 1-10.

Lambert B, Hedt CA, Jack RA, Moreno M, Delgado D, Harris JD,
et al. Blood flow restriction therapy preserves whole limb bone and
muscle following ACL reconstruction. Orthopaedic J Sports Med.
2019;7(3_suppl2):2325967119S00196.

Centner, Christoph, Benedikt Lauber, Olivier R. Seynnes, Simon
Jerger, Tim Sohnius, Albert Gollhofer, and Daniel Konig. 2019.
Low-load blood flow restriction training induces similar morpho-
logical and mechanical Achilles tendon adaptations compared to
high-load resistance training. Journal of Applied Physiology,
November. This is the first human BFR trial to look specifically
at the effects the intervention has on tendon.

Bosse MJ, MacKenzie EJ, Kellam JF, Burgess AR, Webb LX,
Swiontkowski MF, et al. An analysis of outcomes of reconstruction
or amputation after leg-threatening injuries. N Engl J Med.
2002;347(24):1924-31.

Doukas WC, Hayda RA, Michael Frisch H, Andersen RC, Mazurek
MT, Ficke JR, et al. The military extremity trauma amputation/limb
salvage (METALS) study: outcomes of amputation versus limb
salvage following major lower-extremity trauma. J Bone Joint
Surg Am. 2013;95(2):138-45.

Owens JG. Physical therapy of the patient with foot and ankle
injuries sustained in combat. Foot Ankle Clin. 2010;15(1):175-
628 86.

Corona BT, Rivera JC, Owens JG, Wenke JC, Rathbone CR.
Volumetric muscle loss leads to permanent disability following ex-
tremity trauma. J Rehabil Res Dev. 2015;52(7):785-92.

Russell Esposito E, Choi HS, Owens JG, Blanck RV, Wilken JM.
Biomechanical response to ankle-foot orthosis stiffhess during run-
ning. Clin Biomech. 2015;30(10):1125-32.

Bedigrew KM, Patzkowski JC, Wilken JM, Owens JG, Blanck RV,
Stinner DJ, et al. Can an integrated orthotic and rehabilitation pro-
gram decrease pain and improve function after lower extremity
trauma? Clin Orthop Relat Res. 2014;472(10):3017-25.


https://doi.org/10.1007/563s40846-018-0397-7
https://doi.org/10.1007/563s40846-018-0397-7

Curr Rev Musculoskelet Med (2020) 13:200-211

209

29.

3(). e

31

32.

33.

34,00

3s.

36.

37.

38,00

39.

40.

41.

420

43.

Ortiz D 3rd, Blair JA, Dromsky DM, Pyo J, Owens JG, Hsu JR, et
al. Collaborative establishment of an integrated orthotic and reha-
bilitation pathway. J Surg Orthop Adv. 2015;24(3):155-8.

Potter BK, Sheu RG, Stinner D, Fergason J, Hsu JR, Kuhn K, et al.
Multisite evaluation of a custom energy-storing carbon fiber ortho-
sis for patients with residual disability after lower-limb trauma. J
Bone Joint Surg Am. 2018;100(20):1781-9 This study is the first
to show that results of IDEO and RTR program were translat-
able outside of a single military facility.

Argus CK, Mitchell LJ, Chapman DW. The effect of initial knee
angle on the reliability of variables derived from a squat jump.
Medicina Sportiva. 2014;7.

Haff GG, Ruben RP, Lider J, Twine C, Cormie P. A comparison of
methods for determining the rate of force development during iso-
metric midthigh clean pulls. J Strength Condition Res. 2015;29:
386-95.

Hori N, Newton RU, Kawamori N, McGuigan M, Kraemer WJ,
Nosaka K. Reliability of performance measurements derived from
ground reaction force data during countermovement jump and the
influence of sampling frequency. J Strength Cond Res. 2009;23:
874-82. https://doi.org/10.1519/JSC.0b013e3181a00ca2.

Sole CJ, Mizuguchi S, Sato K, et al. Phase characteristics of the
countermovement jump force-time curve: a comparison of athletes
by jumping ability. J Strength Cond Res. 2017;1. https://doi.org/10.
1519/JSC.0000000000001945 This manuscript is a must read
for clinicians who would like introductory level knowledge on
the interpretation of force plate jump force time curves.
Baumgart C, Hoppe MW, Freiwald J. Phase-specific ground reac-
tion force analyses of bilateral and unilateral jumps in patients with
ACL reconstruction. Orthopaedic J Sports Med. 2017;5:
232596711771091. https://doi.org/10.1177/2325967117710912.
Jordan MJ, Aagaard P, Herzog W. Lower limb asymmetry in me-
chanical muscle function: a comparison between ski racers with and
without ACL reconstruction: bilateral asymmetry in ACL-R ski
racers. Scand J Med Sci Sports. 2015;25:¢301-9. https://doi.org/
10.1111/sms.12314.

Impellizzeri FM, Rampinini E, Maffiuletti N, et al. A vertical jump
force test for assessing bilateral strength asymmetry in athletes.
Med Sci Sports Exerc. 2007;39:2044-50. https://doi.org/10.1249/
mss.0b013e31814fb55¢.

Bishop C, Turner A, Read P. Effects of inter-limb asymmetries on
physical and sports performance: a systematic review. J Sports Sci.
2018:;36:1135-44. https://doi.org/10.1080/02640414.2017.
1361894 This review eloquently describes the complexity of
measuring and interpreting asymmetry in performance
measures.

Tate JJ, Milner CE. Real-time kinematic, temporospatial, and kinet-
ic biofeedback during gait retraining in patients: a systematic re-
view. Phys Ther. 2010;90:1123-34. https://doi.org/10.2522/ptj.
20080281.

Deimel GW, Jelsing EJ, Hall MM. Musculoskeletal ultrasound in
physical medicine and rehabilitation. Curr Phys Med Rehabil Rep.
2013;1:38-47. https://doi.org/10.1007/s40141-012-0003-9.

Hall MM. Return to play after thigh muscle injury: utility of serial
ultrasound in guiding clinical progression. Cur Sports Med Rep.
2018;17:296-301. https://doi.org/10.1249/JSR.
0000000000000516.

Timmins RG, Shield AJ, Williams MD, et al. Architectural adapta-
tions of muscle to training and injury: a narrative review outlining
the contributions by fascicle length, pennation angle and muscle
thickness. Br J Sports Med. 2016. https://doi.org/10.1136/
bjsports-2015-094881 This narrative review provides an
excellent summary of the relationship between muscle
architecture and injury.

Timmins RG, Shield AJ, Williams MD, et al. Biceps femoris long
head architecture: a reliability and retrospective injury study. Med

44,

45.

46.

47.

48.

49.

50.

S

52.

53.

54.

55.

56.

57.

58.

59.

Sci Sports Exerc. 2015;47:905-13. https://doi.org/10.1249/MSS.
0000000000000507.

Timmins RG, Bourne MN, Shield AJ, et al. Short biceps femoris
fascicles and eccentric knee flexor weakness increase the risk of
hamstring injury in elite football (soccer): a prospective cohort
study. Br J Sports Med. 2015. https://doi.org/10.1136/bjsports-
2015-095362.

Ooi CC, Malliaras P, Schneider ME, Connell DA. Soft, hard, or just
right? Applications and limitations of axial-strain sonoelastography
and shear-wave elastography in the assessment of tendon injuries.
Skelet Radiol. 2014;43:1-12. https://doi.org/10.1007/s00256-013-
1695-3.

Takenaga T, Sugimoto K, Goto H, Nozaki M, Fukuyoshi M,
Tsuchiya A, et al. Posterior shoulder capsules are thicker and stiffer
in the throwing shoulders of healthy college baseball players: a
quantitative assessment using shear-wave ultrasound elastography.
Am J Sports Med. 2015;43:2935-42. https://doi.org/10.1177/
0363546515608476.

Aubry S, Nueffer J-P, Tanter M, et al. Viscoelasticity in Achilles
tendonopathy: quantitative assessment by using real-time shear-
wave elastography. Radiology. 2014;274:821-9. https://doi.org/
10.1148/radiol.14140434.

Farquhar SJ, Reisman DS, Snyder-Mackler L. Persistence of altered
movement patterns during a sit-to-stand task 1 year following uni-
lateral total knee arthroplasty. Phys Ther. 2008;88:567-79.

Su FC, Lai KA, Hong WH. Rising from chair after total knee
arthroplasty. Clin Biomech. 1998;13:176-81.

Mandeville D, Osternig LR, Chou LS. The effect of total knee
replacement on dynamic support of the body during walking and
stair ascent. Clin Biomech. 2007;22:787-94.

Mouchnino L, Gueguen N, Blanchard C, Boulay C, Gimet G, Viton
JM, et al. Sensori-motor adaptation to knee osteoarthritis during
stepping-down before and after total knee replacement. BMC
Musculoskelet Disord. 2005;6:21.

Stacoff A, Kramers-de Quervain IA, Luder G, List R, Stussi E.
Ground reaction forces on stairs. Part II: knee implant patients ver-
sus normals. Gait Posture. 2007;26:48-58.

Zeni JA Jr, Flowers P, Bade M, Cheuy V, Stevens-Lapsley J,
Snyder-Mackler L. Stiff knee gait may increase risk of second total
knee arthroplasty. J Orthop Res. 2019;37:397-402.

Christiansen CL, Bade MJ, Judd DL, Stevens-Lapsley JE.
Weightbearing asymmetry during sit-stand transitions related to
impairment and functional mobility after total knee arthroplasty.
Arch Phys Med Rehabil. 2011;92:1624-9.

Christiansen CL, Bade MJ, Weitzenkamp DA, Stevens-Lapsley JE.
Factors predicting weight-bearing asymmetry 1 month after unilat-
eral total knee arthroplasty: a cross-sectional study. Gait Posture.
2013;37:363-7.

Mizner RL, Snyder-Mackler L. Altered loading during walking and
sit-to-stand is affected by quadriceps weakness after total knee
arthroplasty. J Orthop Res. 2005;23:1083-90.

Kleim JA, Jones TA. Principles of experience-dependent neural
plasticity: implications for rehabilitation after brain damage. J
Speech Lang Hear Res. 2008;51:5225-39.

Abujaber S, Pozzi F, Zeni J Jr. Influence of weight bearing visual
feedback on movement symmetry during sit to stand task. Clin
Biomech. 2017;47:110-6.

Christiansen CL, Bade MJ, Davidson BS, Dayton MR, Stevens-
Lapsley JE. Effects of weight-bearing biofeedback training on func-
tional movement patterns following total knee arthroplasty: a ran-
domized controlled trial. J Orthop Sports Phys Ther. 2015;45:647—
55 Showed improvements in joint moments following unilateral
TKA indicating quality of functional movement improved with
biofeedback training; however, highlights the need for new ap-
proaches to correct movement asymmetries.

@ Springer


https://doi.org/10.1519/JSC.0b013e3181a00ca2
https://doi.org/10.1519/JSC.0000000000001945
https://doi.org/10.1519/JSC.0000000000001945
https://doi.org/10.1177/2325967117710912
https://doi.org/10.1111/sms.12314
https://doi.org/10.1111/sms.12314
https://doi.org/10.1249/mss.0b013e31814fb55c
https://doi.org/10.1249/mss.0b013e31814fb55c
https://doi.org/10.1080/02640414.2017.1361894
https://doi.org/10.1080/02640414.2017.1361894
https://doi.org/10.2522/ptj.20080281
https://doi.org/10.2522/ptj.20080281
https://doi.org/10.1007/s40141-012-0003-9
https://doi.org/10.1249/JSR.0000000000000516
https://doi.org/10.1249/JSR.0000000000000516
https://doi.org/10.1136/bjsports-2015-094881
https://doi.org/10.1136/bjsports-2015-094881
https://doi.org/10.1249/MSS.0000000000000507
https://doi.org/10.1249/MSS.0000000000000507
https://doi.org/10.1136/bjsports-2015-095362
https://doi.org/10.1136/bjsports-2015-095362
https://doi.org/10.1007/s00256-013-1695-3
https://doi.org/10.1007/s00256-013-1695-3
https://doi.org/10.1177/0363546515608476
https://doi.org/10.1177/0363546515608476
https://doi.org/10.1148/radiol.14140434
https://doi.org/10.1148/radiol.14140434

210

Curr Rev Musculoskelet Med (2020) 13:200-211

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74,

Zeni J Jr, Abujaber S, Flowers P, Pozzi F, Snyder-Mackler L.
Biofeedback to promote movement symmetry after total knee
arthroplasty: a feasibility study. J Orthop Sports Phys Ther.
2013;43:715-26.

Bade M, Cheuy V, Loyd B, Jaeckel M, Zeni J, Christiansen CL, et
al. Orthopaedic section poster presentations (abstracts OPO1- 775
OPO300): OPO17 effects of real-time biofeedback using instru-
mented insoles on recovery after total knee arthroplasty: a pilot
study. J Orthop Sports Phys Ther. 2018;48:A67-a202.

Raaben M, Holtslag HR, LPH L, Augustine R, Blokhuis TJ. Real-
time visual biofeedback during weight bearing improves therapy
compliance in patients following lower extremity fractures. Gait
Posture. 2018;59:206-10 Showed immediate improvements for
adherence to weight-bearing restrictions in early post-operative
individuals and showed ability to increase involved limb load-
ing in absence of weight-bearing restrictions early post-opera-
tive. Both uses have implications to improve patient outcomes
following lower extremity surgery.

Raaben M, Redzwan S, Augustine R, Blokhuis TJ. COMplex frac-
ture orthopedic rehabilitation (COMFORT)-real-time visual bio-
feedback on weight bearing versus standard training methods in
the treatment of proximal femur fractures in the elderly: study pro-
tocol for a multicenter randomized controlled trial. Trials. 2018;19.
Kammerlander C, Pfeufer D, Lisitano LA, Mehaffey S, Bocker W,
Neuerburg C. Inability of older adult patients with hip fracture to
maintain postoperative weight-bearing restrictions. J Bone Joint
Surg Am. 2018;100:936-41.

Yu S, McDonald T, Jesudason C, Stiller K, Sullivan T. Orthopedic
inpatients’ ability to accurately reproduce partial weight bearing
orders. Orthopedics. 2014;37:¢10-8.

Hurkmans HL, Bussmann JB, Benda E, Verhaar JA, Stam HJ.
Effectiveness of audio feedback for partial weight-bearing in and
outside the hospital: a randomized controlled trial. Arch Phys Med
Rehabil. 2012;93:565-70.

Tkachenko-Bril Al, Jagos H, David V, Pils K, Gaudernak J, Rafolt
D. Proof of concept of a partial weight-bearing supporting real time
feedback system. Stud Health Technol Inform. 2018;248:286-92.
Lidtke RH, Muehleman C, Kwasny M, Block JA. Foot center of
pressure and medial knee osteoarthritis. J] Am Podiatr Med Assoc.
2010;100:178-84.

Thorp LE, Richman Sumner D, Block JA, Moisio KC, Shott S,
Wimmer MA. Knee joint loading differs in individuals with mild
compared with moderate medial knee osteoarthritis. Arthritis
Rheum. 2006;54:3842-9.

Ferrigno C, Stoller IS, Shakoor N, Thorp LE, Wimmer MA. The
feasibility of using augmented auditory feedback from a pressure
detecting insole to reduce the knee adduction moment: a proof of
concept study. J Biomech Eng. 2016;138:021014.

He J, Lippmann K, Shakoor N, Ferrigno C, Wimmer MA.
Unsupervised gait retraining using a wireless pressure-detecting
shoe insole. Gait Posture. 2019;70:408—13 First study to use in-
soles outside of laboratory settings to change foot mechanics
during gait to reduce KAM; this has implications for future use
in individuals with knee OA to prolong time to end-stage OA.
Chen DKY, Haller M, Besier TF. Wearable lower limb haptic feed-
back device for retraining foot progression angle and step width.
Gait Posture. 2017;55:177-83.

Stewart M, Brown JB, Weston W, McWhinney IR, McWilliam CL,
Freeman T. Patient-centered medicine: transforming the clinical
method: CRC press; 2013.

Sepucha KR, Atlas SJ, Chang Y, Freiberg A, Malchau H, Mangla
M, et al. Informed, patient-centered decisions associated with better
health outcomes in orthopedics: prospective cohort study. Med
Decis Mak. 2018;38(8):1018-26.

@ Springer

75.

76.

71.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

Constand MK, MacDermid JC, Dal Bello-Haas V, Law M. Scoping
review of patient-centered care approaches in healthcare. BMC
Health Serv Res. 2014;14:271.

Harwood JL, Butler CA, Page AE. Patient-centered care and pop-
ulation health: establishing their role in the orthopaedic practice. J
Bone Joint Surg Am. 2016;98(10):e40.

Hoffmann S, Caro FG, Gottlieb AS, Kesternich I, Winter JK.
Contributions of second opinions, outcome forecasts, and testimo-
nials to patient decisions about knee replacement surgery. Med
Decis Mak. 2014;34(5):603-14.

Barlow T, Scott P, Griffin D, Realpe A. How outcome prediction
could affect patient decision making in knee replacements: a qual-
itative study. BMC Musculoskelet Disord. 2016;17:304.
Kesternich I, Caro FG, Gottlieb AS, Hoffmann S, Winter JK. The
role of outcome forecasts in patients’ treatment decisions evidence
from a survey experiment on knee replacement surgery. Health Serv
Res. 2016;51(1):302—13.

Bunker JP, Frazier HS, Mosteller F. Improving health: measuring
effects of medical care. Milbank Q. 1994:225-58.

Price A, Smith J, Dakin H, Kang S, Eibich P, Cook J, et al. The
arthroplasty candidacy help engine tool to select candidates for hip
and knee replacement surgery: development and economic model-
ling. Health Technol Assess. 2019;23(32):1-216.

Tolk, J. J., J. E. H. Waarsing, R. P. A. Janssen, L. N. van
Steenbergen, S. M. A. Bierma-Zeinstra and M. Reijman (2019).
Development of preoperative prediction models for pain and func-
tional outcome after total knee arthroplasty using the Dutch
arthroplasty register data. J Arthroplast. [published online ahead
of print October 18, 2019]. https://doi.org/10.1016/j.arth.2019.10.
010.

Hamilton DF, Giesinger JM, Giesinger K. It is merely subjective
opinion that patient-reported outcome measures are not objective
tools. Bone Joint Res. 2017;6(12):665-6.

Mizner RL, Petterson SC, Clements KE, Zeni JA Jr, Irrgang 1J,
Snyder-Mackler L. Measuring functional improvement after total
knee arthroplasty requires both performance-based and patient re-
port assessments: a longitudinal analysis of outcomes. J
Arthroplast. 2011;26(5):728-37.

Stevens-Lapsley JE, Schenkman ML, Dayton MR. Comparison of
self-reported knee injury and osteoarthritis outcome score to perfor-
mance measures in patients after total knee arthroplasty. PM&R.
2011;3(6):541-9.

Hamilton D, Gaston P, Simpson A. Is patient reporting of physical
function accurate following total knee replacement? J Bone Joint
Surg Brit. 2012;94(11):1506-10.

Dayton MR, Judd DL, Hogan CA, Stevens-Lapsley JE.
Performance-based versus self-reported outcomes using the hip
disability and osteoarthritis outcome score after total hip
arthroplasty. Am J Phys Med Rehabil. 2016;95(2):132-8.

Morley R, Leech T. Optimal assessment tools in assessing breast
surgery: patient reported outcome measures (PROMs) vs. objective
measures. Gland Surg. 2019;8(4):416-24.

Oldmeadow LB, McBurney H, Robertson VJ. Predicting risk of
extended inpatient rehabilitation after hip or knee arthroplasty. J
Arthroplast. 2003;18(6):775-9.

Barsoum WK, Murray TG, Klika AK, Green K, Miniaci SL, Wells
BJ, et al. Predicting patient discharge disposition after total joint
arthroplasty in the United States. J Arthroplast. 2010;25(6):885—
889 92.

Suarez-Almazor ME, Richardson M, Kroll TL, Sharf BF. A quali-
tative analysis of decision-making for total knee replacement in
patients with osteoarthritis. J Clinl Rheumatol. 2010;16(4):158-63.
Yeh WL, Tsai YF, Hsu K, Chen DW, Chen CY. Factors related to
the indecision of older adults with knee osteoarthritis about receiv-
ing physician-recommended total knee arthroplasty. Disabil
Rehabil. 2017;39(22):2302-7.


https://doi.org/10.1016/j.arth.2019.10.010
https://doi.org/10.1016/j.arth.2019.10.010

Curr Rev Musculoskelet Med (2020) 13:200-211

211

93.

94.

9s.

06,0

Skogo Nyvang J, Hedstrom M, Iversen MD, Andreassen GS.
Striving for a silent knee: a qualitative study of patients’ experi-
ences with knee replacement surgery and their perceptions of ful-
filled expectations. Int J Qual Stud Health Well Being. 2019;14(1):
1620551.

Alemi F, Erdman H, Griva I, Evans CH. Improved statistical
methods are needed to advance personalized medicine. Open
Transl Med J. 2009;1:16-20.

Van Buuren S. Curve matching: a data-driven technique to improve
individual prediction of childhood growth. Ann Nutr Metab.
2014;65(2-3):227-33.

Kittelson, A. J., T. J. Hoogeboom, M. Schenkman, J. E. Stevens
Lapsley and N. L. U. van Meeteren (2019). Person-centered care
and physical therapy: a “people-like-me” approach. [published on-
line ahead of print October 14, 2019]. Phys Ther. https://doi.org/10.
1093/ptj/pzz139. This article presents the idea of the "People-
Like-Me" approach in physical therapy in significant detail.

97.

The authors discuss the importance of person-centered care in
physical therapy and outline a new framework to monitor
important outcomes measures in rehabilitation. The authors
discuss how this new approach can facilitate person centered
care and offer examples of how it may be utilized clinically.
Additionally, the authors discuss some of the statistical and
methodological challenges of refining this framework and
ultimately implementing it into clinical practice.

Kennedy DM, Stratford PW, Wessel J, Gollish JD, Penney D.
Assessing stability and change of four performance measures: a
longitudinal study evaluating outcome following total hip and knee
arthroplasty. BMC Musculoskelet Disord. 2005;6(1):3.

Publisher’s note Springer Nature remains neutral with regard to jurisdic-
tional claims in published maps and institutional affiliations.

@ Springer


https://doi.org/10.1093/ptj/pzz139
https://doi.org/10.1093/ptj/pzz139

	How New Technology Is Improving Physical Therapy
	Abstract
	Abstract
	Abstract
	Abstract
	Introduction
	Blood Flow Restriction Rehabilitation
	Exoskeletons for High Energy Lower Extremity Trauma
	Force Plates
	Motion Capture and Video Biofeedback
	Musculoskeletal Ultrasound in Soft Tissue Injury
	Instrumented Insoles: Use of Real-time Feedback to Improve Patient Outcomes
	Patient-centered Care in Total Joint Arthroplasty: Tools for Personalized Care Before and After Surgery
	Personalized Reference Charts: a Novel Tool for Personalized Care
	Conclusion
	References
	Papers of particular interest, published recently, have been highlighted as: • Of importance •• Of major importance





