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Abstract

Objective. The aim of this study is to assess the variability of postoperative rehabilitation protocols used by orthopedic
surgery residency programs for osteochondral autograft transplantation (OAT) and osteochondral allograft transplantation
(OCA) of the knee. Design. Online postoperative OAT and OCA rehabilitation protocols from US orthopedic programs and
the scientific literature were reviewed. A custom scoring rubric was developed to analyze each protocol for the presence
of discrete rehabilitation modalities and the timing of each intervention. Results. A total of |6 programs (10.3%) from 155
US academic orthopedic programs published online protocols and a total of 35 protocols were analyzed. Twenty-one
protocols (88%) recommended immediate postoperative bracing following OAT and |7 protocols (100%) recommended
immediate postoperative bracing following OCA. The average time protocols permitted weight-bearing as tolerated
(WBAT) was 5.2 weeks (range = 0-8 weeks) following OAT and 6.2 weeks (range = 0-8 weeks) following OCA. There
was considerable variation in the inclusion and timing of strength, proprioception, agility, and pivoting exercises. Following
OAT, 2 protocols (8%) recommended functional testing as criteria for return to sport at an average time of 12.0 weeks
(range = 12-24 weeks). Following OCA, | protocol (6%) recommended functional testing as criteria for return to sport at
an average time of 12.0 weeks (range = 12-24 weeks). Conclusion. A minority of US academic orthopedic programs publish
OAT and OCA rehabilitation protocols online. Among the protocols currently available, there is significant variability
in the inclusion of specific rehabilitation components and timing of many modalities. Evidence-based standardization of
elements of postoperative rehabilitation may help improve patient care and subsequent outcomes.
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following cartilage restoration of the knee found patients
undergoing OAT or OCA procedures to have a lower inci-
dence of reoperation compared with autologous chondro-
cyte implantation (ACI). The study also found patients
undergoing OAT or OCA procedures to have a decreased
rate of conversion to arthroplasty compared with micro-
fracture procedures.'® Furthermore, studies have shown
significant improvements in both International Knee
Documentation Committee (IKDC) and Lysholm scores
following both OAT and OCA procedures.'+!?

Successful surgical outcomes in orthopedics can be
largely influenced by postoperative rehabilitation, with
specific focus on restoring range of motion, strength, and
a return to baseline function. Within current literature,
individual rehabilitation guidelines for OAT versus OCA
are scarce and, as such, have been difficult to analyze.
More recent therapy programs are found to provide com-
bined protocols for OAT and OCA procedures or are in
the presence of concomitant procedures, such as ACI,
mosaicplasty, and microfracture, yet little effort has gone
into isolated analysis of these procedures.'®!” Although
existing literature suggests that standardization of reha-
bilitation protocols could optimize therapy and decrease
health care expenses, there are no standardized postop-
erative rehabilitation protocols for OAT or OCA.'%1°

Postoperative rehabilitation for anterior cruciate liga-
ment reconstruction,”’ medial patellofemoral ligament
reconstruction,?’ meniscal repair,”?> proximal hamstring
repair,”® Achilles tendon repair,>* ulnar collateral ligament
reconstruction,?® and microfracture?® have been analyzed in
previous studies and were noted to have considerable varia-
tion in content and timing for the initiation of different com-
ponents of rehabilitation. The present study aims to assess
the variability in OAT and OCA rehabilitation by utilizing
online protocols published by academic orthopedic surgery
programs in the United States. We hypothesize that signifi-
cant heterogeneity in terms of rehabilitation exercises and
their timing will be found among the published protocols,
as well as deviations from current literature.

Method

Utilizing methods previously described to assess the vari-
ability of rehabilitation?'->> protocols, an online search
was done for publicly available OAT and OCA rehabilita-
tion guidelines from academic orthopedic surgery pro-
grams in the United States. A complete list of orthopedic
surgery residency programs was obtained via https://resi-
dency.doximity.com. Searches and results specifically
targeted academic institutions affiliated with a university
or medical society to focus on the most evidence-based
protocols available. Commercial websites, governmental
and non-governmental organization (NGO) websites, and

private practice physician websites were excluded to min-
imize bias, excessive variability, potential conflicts of
interest, and other confounders. Similar to previous stud-
ies, a web-based query was performed in which the fol-
lowing 2 search terms were used: “[program name/
affiliate hospital name/affiliate medical school name]
osteochondral autologous transplantation rehabilitation
protocol” and “[program name/affiliate hospital name/
affiliate medical school name] OCA rehabilitation proto-
col.”?1-% Protocols specified to the skeletally immature
population and patients undergoing concomitant proce-
dures were excluded from the study. Procedures in the
skeletally immature were excluded from the analysis as
there is considerable variability in the management of
osteochondral lesions in this population due to their
increased healing potential in the setting of open physes.
Protocols lacking clearly defined rehabilitation informa-
tion, such as timing of the rehabilitation components,
were also excluded from the study.

All collected protocols were transferred to a custom
scoring rubric (Table 1) with the following categories:
timing and staging, prehabilitation, brace use, postopera-
tive modalities, weightbearing status, non-ambulatory
range of motion, lesion location, strengthening exercises,
proprioceptive exercises, functional tests, return to basic
activities, and return to athletic activities/sport. Protocols
were then evaluated with binary coding for the presence or
absence of the rehabilitation components listed above.
Numerical scoring was utilized to evaluate the timing or
range of timing for specifics within each component
defined in the rehabilitation protocols themselves. The
time of initiation for each modality in specified compo-
nents was based on the earliest detailed time given in each
protocol. The clinical appropriateness of each protocol for
inclusion in the study was assessed by the authors with the
senior author determining final inclusion of a protocol if a
consensus was not obtained.

Results

A total of 155 programs were included for review; 16
(10.3%) provided online academic protocols that met our
eligibility criteria. Six institutions provided protocols for
both OAT and OCA surgeries and 2 institutions provided
multiple protocols (each attributed to different authors),
producing a total of 35 protocols available for analysis. Of
the 35 total protocols, 24 pertained to OAT in the following
breakdown: 18 exclusive protocols for OAT and 6 applied
to both OAT and OCA. Of the 35 total protocols, 17 per-
tained to OCA in the following breakdown: 11 exclusive
protocols for OCA and 6 applied to both OAT and OCA

(Fig. 1).
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Table |. Osteochondral Autograft and Allograft Transplantation Postoperative Rehabilitation Rubric Categories.

Rehabilitation Categories

Activity/Exercise

Prehabilitation

Postoperative adjunct
therapy

Range of motion and
weight bearing

Lesion location

Strengthening

Range of motion, quadriceps strengthening, cryotherapy

Bracing, continuous passive motion (CPM), neuromuscular electric stimulation (NMES), cryotherapy,
compression, elevation, ultrasound therapy, thermotherapy

Flexion/extension goals, progression to weight-bearing as tolerated (WBAT), full weight-bearing (FVWB)

Femoral condyle lesion, patellofemoral lesion, both

Straight-leg raise, patellar mobilization, quad/hamstring sets, ankle pumps, hip abduction/adduction, hip flexion,
heel slides, hamstring curl, open chain exercise (active knee extension), closed chain exercise (wall-sits, mini
squat, full squat, toe raises), lumbopelvic stabilization, leg press, core exercises, step-up/down, prone hangs,

glute sets, passive knee flexion/extension, hip flexor sets, lunges, lumbopelvic stabilization

Proprioception
Activity/sports

Non-specific exercise, weight shifting, balance training, unilateral stance activities
Stationary bike, backward walking, normal gait, elliptical, stair climber, aqua therapy, backward running,

straight-line running/jogging, jumping/plyometrics, cutting/pivoting, agility, sports-specific drills, return to

practice/sport, return to competition

Functional testing
non-specific functional test

Single hop test, single leg stand, 4-hop test, isokinetic quad/hamstring strength, squat, forward step-down test,

155 ERAS
mstitutions

A

16 individual
nstitutions with protocol
meeting criteria®

y

18 echusive
protocols for OAT

11 exclusive
protocols for OCA

6 combin;d protocols
for OAT and OCA

Figure |. Collection of online postoperative rehabilitation protocols following OAT and OCA of the knee. The ‘“*” refers to the

eligibility criteria defined in our Methods section.

OAT = osteochondral autograft transplantation; OCA = osteochondral allograft transplantation; ERAS = electronic residency application service.

Prehabilitation

For OAT, 2 protocols (8.3%) recommended a preoperative
rehabilitation program which included stationary cycling
to maintain or improve range of motion (ROM) and 2 pro-
tocols (8.3%) provided recommendations on methods to
decrease swelling with cryotherapy.

For OCA, no protocols recommended preoperative reha-
bilitation program.

Postoperative Adjunct Therapy

The 8 types of postoperative adjunct therapies assessed were
bracing, continuous passive motion (CPM), neuromuscular

electric stimulation (NMES), cryotherapy, compression,
elevation, ultrasound therapy, and thermotherapy. For OAT,
23 protocols recommended CPM (96%), 10 recommended
cryotherapy (42%), 7 recommended electrical stimulation
(29%), 4 recommended elevation (17%) and soft tissue
mobilization (17%), and 3 recommended compression
(13%). All aforementioned modalities began in the immedi-
ate postoperative period. In terms of bracing, 21 protocols
recommended immediate postoperative bracing (88%) with
an average of 5.7 weeks (range = 0-8) of brace use
. Locking of the brace in extension during ambulation was
specifically mentioned in 15 of these protocols (63%). In the
protocols that did not recommend bracing, there was no
explicit recommendation either for or against bracing.
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Figure 2. Range of motion and weight bearing. The numbered line within each range represents the mean of the data set. OAT =
osteochondral autograft transplantation; OCA = osteochondral allograft transplantation; WBAT = weight-bearing as tolerated.

Unlocking the brace during ambulation was recommended
in 17 protocols (71%) at an average of 3.0 weeks (range =
0-7), postoperatively.

Fourteen protocols (58%) specified when to discontinue
brace use. The most common criterion for brace removal
was the ability to perform a straight-leg raise (SLR) without
extension lag at the knee (29%). Other criteria included
achieving a stable gait (8%) and sufficient quadriceps con-
trol throughout ROM (8%), both as determined by the treat-
ing provider.

Following OCA, 16 protocols recommended CPM
(94%), 4 recommended immediate cryotherapy (24%), 3
recommended elevation (18%) and soft tissue mobilization
(18%), and 2 recommended compression (12%). In terms of
bracing, 17 protocols recommended immediate postopera-
tive bracing (100%) with an average of 6.5 weeks (range =
0-8) of brace use. Locking of the brace in extension during
ambulation was specifically mentioned in 14 protocols
(82%). In the protocols that did not recommend bracing,
there was no explicit recommendation either for or against
bracing. Unlocking the brace during ambulation was rec-
ommended in 16 protocols (94%) at an average of 2.8 weeks
(range = 1-7), postoperatively.

Ten protocols (59%) specified when to discontinue brace
use, with SLR without extension lag (35%), followed by
stable gait (12%) and sufficient quadriceps control through-
out ROM (6%) as criteria for brace discontinuation.

Range of Motion, Weight Bearing, and Femoral
Condyle versus Patellofemoral Lesions

All 24 OAT protocols prohibited any knee flexion in the
immediate postoperative period, with 22 protocols (92%)
allowing 90° of flexion at an average of 1.7 weeks (range =
0-6), 18 (75%) permitting 110° of flexion at an average of
3.4 weeks (range = 1-8), and finally 21 protocols (88%)

specified full flexion at an average of 7.0 weeks (range =
2-13) postoperatively. Five protocols (21%) had clearly out-
lined weightbearing progressions to full weight-bearing
(FWB). Five protocols (21%) permitted immediate weight-
bearing as tolerated (WBAT) after surgery. The average
WBAT date was 5.2 weeks (range = 0-8). The average pro-
posed time to FWB was 6.9 weeks (range = 0-9) (Fig. 2).

For OAT, 6 protocols (25%) specified rehabilitation for
femoral condyle lesions and 7 protocols (29%) for patello-
femoral lesions. The average WBAT date for femoral con-
dyle lesions was 6.2 (range = 6-7) weeks, and the average
WBAT date for patellofemoral lesions was 2.8 (range =
0-7) weeks. In terms of brace use, 4 protocols (66%) recom-
mended immediate postoperative knee immobilization for
femoral condyle lesions, and 7 protocols (100%) recom-
mended immediate postoperative knee immobilization for
patellofemoral lesions.

Similarly, all 17 OCA protocols prohibited knee flexion
immediately postoperatively, while 17 protocols (100%)
specified 90° of flexion at an average of 1.0 weeks (range =
0-6), 8 protocols (47%) allowed 110° of flexion at an aver-
age of 4.4 weeks (range = 1-6), and finally 17 protocols
(100%) recommended full flexion at an average of 6.7
weeks (range = 1-8). Five protocols (29%) outlined weight-
bearing progression to FWB. Two protocols (12%) permit-
ted immediate WBAT, while the average WBAT date was
6.2 weeks (range = 1-8). The average FWB goal date was
7.7 weeks (range = 6-12) (Fig. 2).

For OCA, 3 protocols (18%) specified rehabilitation for
femoral condyle lesions and 3 protocols (18%) for patello-
femoral lesions. The average WBAT date for femoral con-
dyle lesions was 6.3 (range = 6-7) weeks, and the average
WBAT date for patellofemoral lesions was 3.5 (range =
1-6) weeks. In terms of brace use, 6 protocols (100%) rec-
ommended immediate postoperative knee immobilization
for both femoral condyle and patellofemoral lesions.



Crowley et al.

g >

®
k3

a
3
R

% of protocols recommending activity

Squat

Heel slides
Heel Slides
Hip Abduction

Hip Adduction
Wall slides

Hip Flexor

Calf Pumps
Prone hangs

Quad Extension

Quad/Hamstring Sets

» N
s 3 &
R K3 2
Hamstring Curl
Short Arc Quad

AAROM exercises
Knee Extension
Step Exercises
Straight-Leg Raises

Open Chain Exercises

Passive Knee Flexion/Extension
Patellar mobilizations

Quadrieps Isometries

Closed Chain

s
Lumbopelvic Stabilization

OCA

120%

100%. — — — —

®
3

% of protocols recommending activity
5 a
8 3
£

W

Lumbopelvic Stabilization

[ —
Hamstring Curl [ T )
Heel slides

Hip Abduction

Hip Flexor
Leg Press

Lunges

Pronehangs

Quadrieps Isometrics
Short Arc Quad

squat
Step Exercises
Straight-Leg Raises
Wall slides T ]

o —
—1
T
I
C
C
C
. —
—
I
B o ——
—
C
[
C
I

0.00 200 400 6.00 800 10.00 1200 14,00
Start Date Range (weeks)

o & D & @ & $ S & o O & N
& K S & & +° o &S S &S &‘7 & &P
&

SISO O SN FS S 5&“"9\
TN E T T TS T RO TEE N c»°‘°<~‘° *
& ! R & &

S T & @cz & ¢ S P S S
K > S S & N E

00& & oi SR o o

S 5°
q’i’

ARROM exercises I ]
Calfpumps [T——)
Closed Chain Exercises. —T—
Core exercises C T )
T ]
i —
Hip Abduction [FT—)
Hip Adduction [T
Hip Flexor [ T———]
LegPress C T )
Lumbopelvic stabilization C T ]
Lunges C T )
‘Open Chain Exercises C T )
Passive Knee Flexion/Extension [T
i )
Pronehangs
i T )
]
dri ks T
short Arc Quad C T )
Squat ——
Step Exercises C T ]
Straight-Leg Raises [T ]
Wallsiides T )
0.00 200 4.00 6.00 8.00 10.00 1200 14.00

Start Date Range (weeks)

Figure 3. Strengthening exercises. (A) Significant variation was found with regard to types of exercises included in rehabilitation
protocols. (B) Significant variation was also found with regard to recommended start times. The numbered line within each
range represents the mean of the data set. OAT = osteochondral autograft transplantation; OCA = osteochondral allograft

transplantation; AAROM = active assistive range of motion.

Strengthening

Actotal of 25 different strengthening exercises were included
in the custom rubric. For OAT, on average, each protocol
mentioned 13.7 (range = 0-14 weeks) strengthening exer-
cises. Four exercises were recommended in more than 80%
of all protocols, which included closed chain exercises,
quadriceps/hamstring sets, SLRs, and calf pumps. There
was a wide variation in timing to initiate common strength-
ening exercises. The largest ranges were found in the timing
of quadriceps extension (range = 0-14 weeks), followed by
hip adduction (range = 0-12 weeks), hamstring curl (range
= 1-13 weeks), and core exercises (range = 1-13 weeks),
which were all started over a 12-week range (Fig. 3).

For OCA, on average, each protocol included 13.2
(range = 0-14 weeks) strengthening exercises. Six exer-
cises were recommended in more than 80% of protocols:
closed chain exercises, quadriceps/hamstring sets, glute
sets, patellar mobilizations, SLRs, and calf pumps. There
was also a wide variation in timing to initiate common

strengthening exercises. The largest ranges were found in
the timing of quadriceps extension (range = 0-14 weeks),
followed by core exercises (range = 1-13 weeks) and wall
slides (range = 0-8 weeks) (Fig. 3).

Proprioception and Functional Testing

Four different proprioceptive exercises were found in our
analysis; weight shifting, balance training, unilateral stance
activities, and unspecified proprioceptive drills. For OAT, at
least one proprioceptive exercise was recommended by 22
protocols (92%), and the average number of proprioceptive
drills recommended was 2.7 per protocol. Unilateral stance
activities were recommended in 24 protocols (83%),
unspecified proprioceptive drills were recommended in 19
protocols (79%), balance training was recommended in 17
protocols (71%), and weight shifting was recommended in
9 protocols (38%) (Fig. 4).

For OCA, at least one proprioceptive exercise was rec-
ommended by 17 protocols (100%), and the average



CARTILAGE

A OAT

Proprioceptive Drills - not specified | | ‘

Unilateral Stance Activities | | |

Balance Training | |

% of protocols recommending w

Weight shifting | | |

0.00 2.00 4.00 6.00 8.00 1000 1200 1400  16.00

Start Date Range (weeks)

OCA

ntaters sance At :l:l
Balance Training

0.00 2.00 4.00 6.00 8.00 1000 1200 1400  16.00

% of protocols recommending

Start Date Range (weeks)

OAT

100% 1

80% 4
= 60% A
>
£
© 40% A

20% 4

0%
Balance Training Proprioceptive Drills - Unilateral Stance Weight Shifting
not specified Activities
OCA

100% 1

80% 4
> 60% 4
>
£
© 40% 4

20% 4

0%
Balance Training  Proprioceptive Drills - Unilateral Stance Weight Shifting
not specified Activities

Figure 4. (A) Proprioception exercises. Significant variation was found regarding the inclusion of certain exercises. The findings show
that 79% of OAT and 88% of OCA rehabilitation protocols recommended late-stage proprioceptive activities but did not specify
exercises, represented in the chart as “Proprioceptive Drills—not specified.” (B) Exercise start dates were marked by substantial
variation. The numbered line within each range represents the mean of the data set. OAT = osteochondral autograft transplantation;

OCA = osteochondral allograft transplantation.

number of proprioceptive drills recommended was 2.6 per
protocol. Unspecified proprioceptive drills were recom-
mended in 15 protocols (88%), balance training was recom-
mended in 13 protocols (76%), unilateral stance activities
were recommended in 12 protocols (71%), and weight
shifting was recommended in 4 protocols (24%) (Fig. 4).

Although weight shifting was recommended at an earlier
average time (6.0 weeks for OAT, 5.3 weeks for OCA),
there was a similar starting range for the rest of the proprio-
ceptive activities (unilateral stance training, balance train-
ing, and unspecified proprioceptive drills), with a combined
average starting time of 7.4 weeks for OAT and a combined
average starting time of 8.1 weeks for OCA.

Return to Basic Activities and Sports

For OAT, common modalities recommended for returning to
basic activities were stationary bike (100%) at an average of
2.0 weeks (range = 0-7), elliptical/stepper use (42%) at an
average of 10.8 weeks (range = 4-13), hydrotherapy (67%)
at an average of 4.9 weeks (range = 2-13), straight-line run-
ning (67%) at an average of 16.5 weeks (range = 8-32), stair
climber (33%) at an average of 10.2 weeks (range = 6-13),
and a normalized gait (92%) at an average of 7.0 weeks
(range = 4-11). In terms of athletic activities, the most com-
mon exercise recommended was sports-specific drills (92%)

beginning at an average of 13.7 weeks (range = 8-27).
Agility drills (58%) were recommended at an average of
17.8 (range = 8-36) weeks, followed by jumping/plyomet-
rics (42%) at an average of 21.0 (range = 10-36) weeks and
cutting/pivot activities at an average of 21.7 (range = 8-36)
weeks. Sixteen protocols (67%) specifically mentioned
return to practice or sport as a postoperative goal at an aver-
age of 23.8 (range = 12-36) weeks. The criteria for return to
sport was physician clearance in 6 protocols (25%) followed
by use of functional testing in 2 protocols (8%). No proto-
cols discussed return to competition (Fig. 5).

To expand on functional testing for OAT, 13 protocols
(54%) recommended balance testing with the single leg
stance, 11 protocols (46%) recommended squat testing, 10
protocols (42%) recommended unspecified testing activi-
ties, 8 protocols (33%) recommended isokinetic quadriceps
strength testing, 7 protocols (29%) recommended isokinetic
hamstring strength testing and forward step-down testing, 4
protocols (17%) recommended single hop testing, and 3
protocols (13%) recommended the 4-hop test. Functional
testing overall was recommended in later stages of rehabili-
tation with an average start time of 12.0 (range = 0-24)
weeks.

For OCA, common modalities recommended for return-
ing to basic activities were stationary bike use (100%) at an
average of 6.2 weeks (range = 0-12), elliptical/stepper
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Figure 5. (A) Return to basic and athletic activity and (B) start date

s. A significant variation was found regarding the composition of

basic and athletic activities recommended in each protocol (A) and their timing (B). Protocols rarely provided clear instructions for
athletic activities or established criteria-based progression for return to training. The numbered line within each range represents the
mean of the data set. OAT = osteochondral autograft transplantation; OCA = osteochondral allograft transplantation.

(29%) at an average of 11.4 weeks (range = 6-13), hydro-
therapy (29%) at an average of 10.2 weeks (range = 6-13),
straight-line running (59%) at an average of 18.0 weeks
(range = 8-32), stair climber (24%) at an average of 10.0
weeks (range = 6-13), and a normalized gait (100%) at an
average of 6.9 weeks (range = 6-8). In terms of athletic
activities, the most common exercise recommended was
sports-specific drills (65%) at an average of 17.2 weeks
(range = 8-32). Agility drills (29%) were recommended at
an average of 22.2 (range 8-36) weeks, followed by
jumping/plyometrics (24%) and cutting/pivot training at an
average of 27.5 (range = 14-36) and 24.3 (range = 8-36)
weeks, respectively. Ten protocols (59%) specifically men-
tioned return to practice or sport as a postoperative goal at
an average of 31.4 (range = 12-36) weeks. The criteria for
return to sport was physician clearance in 8 protocols (47%)
followed by a functional testing battery in 1 protocol (6%).
No protocols discussed return to competition (Fig. 5).

For functional testing for OCA, 5 protocols (29%) rec-
ommended balance testing with the single leg stand and
the squat test, 4 protocols (24%) did not specify the
constituent activities, 3 protocols (18%) recommended

isokinetic quadriceps strength testing, 2 protocols (12%)
recommended isokinetic hamstring strength testing and for-
ward step-down testing, 3 protocols (18%) recommended
single hop testing, and 3 protocols (18%) recommended the
4-hop test. Functional testing overall was recommended
later in rehabilitation with an average start time of 12.0
(range = 0-24) weeks.

Discussion

The results of this study demonstrate that a small number of
academic orthopedic programs publish OAT and OCA reha-
bilitation protocols online. There was variability in both the
nature and timing of recommended rehabilitation modali-
ties and benchmarks, indicating that a standardized protocol
does not exist. The most common modalities recommended
in the reviewed protocols were the usage of CPM (96% for
OAT and 94% for OCA), restricted postoperative knee flex-
ion (100% for both OAT and OCA), and brace use (88% for
OAT and 100% for OCA). While the majority of protocols
recommended strength and proprioceptive training, there
was variability in the specific exercises included and their
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timing of initiation. In addition, variation existed across
postoperative weightbearing restrictions, brace parameters,
and their subsequent timing. Lastly, weightbearing progres-
sion, return to sport timing, and the use of functional assess-
ments for return to sport were included in a minority of
protocols.

Weightbearing restrictions are applied following surgery
to protect the transplanted graft from both compressive and
shear forces.'® However, several animal studies caution
against lengthy immobilization and excessively cautious
weight bearing due to associated thinning of articular carti-
lage and decreased synthesis of proteoglycan.?’-*! From the
protocols analyzed in this study, following OAT, patients
achieved FWB status on average at 6.9 weeks postopera-
tively with the time ranging from 0 to 9 weeks. Following
OCA, patients achieved FWB status on average at 7.7
weeks postoperatively with the time ranging from 6 to 12
weeks. Following OAT, current literature supports strict
non-weight bearing for the first 2 weeks, as a 44% reduction
in push-in and pull-out strength has been observed 1 week
after surgery,*? followed by toe-touch weight bearing from
weeks 4 to 6, and FWB from weeks 6 to 8.!73233 In contrast,
a more recent retrospective study recommends immediate
return to FWB for small lesions (<1 cm?).** While some
literature suggests non-weight bearing following OCA for
the first 8 weeks with advancement to FWB between 8 and
12 weeks postoperatively,'® other studies have reported
good clinical outcomes with FWB at 6 weeks for OCA, pro-
viding some support to protocols recommending early
weight bearing.3>3

When comparing present literature to the findings of
our analysis of protocols from academic institutions, there
were clear differences noted regarding when FWB status
should be achieved. A systemic review on outcomes after
articular cartilage surgery by Schmitt et al.’’ suggests
using objective criteria of adverse tissue healing, such as
increased effusion or strength deficits, rather than time-
based criteria for weightbearing progression. However,
optimal loads to facilitate articular cartilage remain
unknown. While there is no consensus on the optimal tim-
ing of postoperative weight bearing, this rehabilitation
milestone is clearly critical to avoid damaging healing
graft sites and warrants future investigation. This under-
scores the importance for academic orthopedic surgery
programs to recommend consistent, evidence-based proto-
cols to instruct patients on weightbearing progression to
minimize confusion and recovery time. Standardized clin-
ical care pathways which follow evidence-based guide-
lines have been shown to improve the quality and efficacy
of patient care as well as limit health care expenses. In
patients undergoing total joint arthroplasty, following a
standardized protocol has been shown to decrease compli-
cation rates and hospital length of stay, and improve effi-
ciency of hospital and community resources.'$3%4

Similarly, following a standardized protocol of manual
physical therapy and exercise selection has been shown to
improve Harris Hip Scale scores, pain, and range of
motion in both the short term and long term in individuals
treated with hip osteoarthritis.!” Although it is unknown if
standardizing rehabilitation protocols following cartilagi-
nous surgery of the knee, specifically in OAT and OCA,
improves outcomes, these studies provide a basis for
researchers to investigate this topic in the future.

Stiffness and flexion contractures are common compli-
cations following knee surgery. Following OAT and OCA,
scars and adhesions may develop and restrict range of
motion.!® Prolonged immobilization increases the risk of
stiffness and has been shown to impede cartilage heal-
ing.?”3! In the protocols analyzed in this study, CPM was
recommended in approximately 95% of protocols for both
OAT and OCA. In addition, the majority of protocols per-
mitted passive knee range of motion but restricted immedi-
ate knee flexion postoperatively. Currently, literature on
carly ROM after cartilaginous surgeries has focused on ani-
mal studies with mixed results,***® but there is no consen-
sus on the clinical utility of CPM.%30:49:50

Protecting the transplanted graft postoperatively is para-
mount to allow for creeping substitution or the slow resorp-
tion of the graft with concurrent deposition of new bone.’!
Lesions on the femoral condyle must avoid compressive
forces on the knee’s weightbearing surface while patello-
femoral lesions must avoid shearing forces to protect the
healing graft site.”> For patellofemoral lesions, current lit-
erature recommends restricting knee flexion to 30° to 45°
with a brace for the first 4 to 6 weeks postoperatively fol-
lowing OAT or OCA.>**> This is done to protect the graft
site from damaging forces, as the median ridge of the patella
is prevented from contacting the trochlear groove.!”* In
contrast, graft sites on the femoral condyle are less suscep-
tible to damage. Therefore, knee flexion is less strict and
typically allowed as quadriceps strength returns.>-¢ In our
study sample, brace use was recommended in the majority
of protocols. However, a relatively small quantity of proto-
cols specified rehabilitation guidelines based on lesion
location (54% of OAT and 35% of OCA protocols), despite
the evidence in favor of this approach. This further high-
lights the need for evidence-based protocols to guide
patients on knee bracing based on their graft location.

Functional assessments were used in a minority of aca-
demic orthopedic surgery programs in their return to play
criteria with just 8% of protocols for OAT and 6% of proto-
cols for OCA including this recommendation. In addition,
no protocols discussed timing or criteria for return to com-
petition. Current literature notes overall return to play fol-
lowing OAT to be approximately 88.2% with an average
time of 4.9 (range = 2.7-11.1) months.’” For OCA, overall
return to play was noted to be 75% to 79% with a variable
range of 4 to 20 months.’®¢! Literature on return to
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competition following OAT and OCA is relatively sparse.
In one study of college and professional basketball players
following OCA, the overall return rate to competition was
noted to be 80% at a median time of 14 months.*?> Rather
than time-based recommendations for return to play, func-
tional assessments may be used as recent studies, specifi-
cally following anterior cruciate ligament (ACL)
reconstruction, have supported functional performance test-
ing as a superior method for return to sports and athletic
activities.®*-% Currently, there is a paucity of data for func-
tional testing as return to play criteria following OAT and
OCA of the knee. As an athlete is planning to return to prac-
tice/sport, patients should exhibit their readiness at the end
of rehabilitation through functional and athletic activities.

Overall, this study found heterogeneity among published
protocols as well as deviations from current literature. Our
results support the opportunity to standardize care and treat-
ment practices following common orthopedic surgery proce-
dures to improve patient outcomes.’>*””° The lack of
standardization observed in academic protocols highlights
the necessity to optimize recovery following OAT and OCA
surgery for osteochondral defects of the knee to improve
clinical results. The rapid growth of the self-informed patient
utilizing the Internet for their medical needs has increased the
importance of clarity in health care information.”" This sys-
tematic review reveals that there is currently a lack of pub-
licly available ERAS protocols for the OAT and OCA
procedures, as only 10.3% of all US orthopedic academic
programs were found to have protocols. Even with this lim-
ited number of protocols, considerable variability was still
evident. Explicit expectations and comprehensive explana-
tions that are accessible to patients are imperative for safe
and effective patient care and outcomes. We believe stan-
dardization of certain rehabilitation protocols can serve to
benefit both physicians and patients as the patient mind-set
has progressed from passive listener to active decision-
maker.®® By normalizing data from these academic institu-
tions, we hope to optimize therapeutic treatment and improve
the clinical success of these surgeries.

Limitations

This study has several limitations. Despite reviewing all
155 academic orthopedic surgery programs, only 35 proto-
cols met qualification criteria and were included.
Furthermore, this likely represents a minority of postopera-
tive OAT and OCA rehabilitation protocols available online,
as non-academic and individual surgeons may also upload
protocols for patients. To focus on evidence-based rehabili-
tation modalities and their initiation, this study focused on
protocols associated with academic institutions as per-
formed in previous investigations.2!2® While many online
protocols provide general guidelines, surgeons may indi-
vidualize rehabilitation protocols based on patients’

preoperative condition and intraoperative findings. These
protocols are often given to patients and physical therapists
and, therefore, are not available online. Last, the details
included in the rehabilitation protocol examined in the
study varied widely. Many protocols used ranges in place of
specified dates for parameters such as weight bearing, brace
use, and strengthening exercises. Although these modalities
were recommended between patients and physicians on an
individualized basis, it emphasizes the need to improve the
quality of information that is available on the Internet.

Conclusion

A small number of US academic orthopedic surgery pro-
grams publish OAT and OCA rehabilitation protocols
online. There is considerable variability in the inclusion
of specific rehabilitation modalities and the initiation of
their timing. Patient care and outcomes may be improved
with evidence-based standardization of postoperative
rehabilitation.
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