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Background: Surgical decision making and preoperative planning for children and adolescents with patellofemoral instability rely
heavily on a patient’s skeletal maturity. To be clinically useful, radiologic assessments of skeletal maturity must demonstrate
acceptable interrater reliability and accuracy.

Purpose: The purpose of this study was to examine the interrater reliability among surgeons of varying experience levels and
specialty training backgrounds when evaluating the skeletal maturity of the distal femur and proximal tibia of children and ado-
lescents with patellofemoral instability.

Study Design: Cohort study (diagnosis); Level of evidence, 3.

Methods: Six fellowship-trained orthopaedic surgeons (3 pediatric orthopaedic, 2 sports medicine, and 1 with both) who perform a
high volume of patellofemoral instability surgery examined 20 blinded knee radiographs and magnetic resonance images in
random order. They assessed these images for clinically relevant growth (open physis) or clinically insignificant growth (closing/
closed physis) remaining in the distal femoral and proximal tibial physes. Fleiss’ kappa was calculated for each measurement. After
initial ratings, raters discussed consensus methods to improve reliability and assessed the images again to determine if training
and new criteria improved interrater reliability.

Results: Reliability for initial assessments of distal femoral and proximal tibial physeal patency was poor (kappa range, 0.01-0.58).
After consensus building, all assessments demonstrated almost-perfect interrater reliability (kappa, 0.99 for all measurements).

Conclusion: Surgical decision making and preoperative planning for children and adolescents with patellofemoral instability rely
heavily on radiologic assessment of skeletal maturity. This study found that initial interrater reliability of physeal patency and clinical
decision making was unacceptably low. However, with the addition of new criteria, a consensus-building process, and training,
these variables became highly reliable.
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Patellofemoral instability is a common orthopaedic
condition that is associated with significant functional
limitations, pain, arthritis, and diminished quality of
life.9,20,28 First-time patellar dislocations are more

common in adolescents than any other age group, and
these injuries have one of the highest recurrence risks of
any injury in orthopaedics.9,18,28 The recurrence risk is
especially high in younger patients, with an abundance
of recent literature indicating that skeletal immaturity
increases risk of recurrence after operative and nonoper-
ative treatments for patellar instability.2,13-16,18 Manage-
ment of pediatric and adolescent patients with
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patellofemoral instability therefore requires careful con-
sideration of skeletal maturity by the treating orthopaedic
surgeon.

Treatment of patellofemoral instability depends on the
patient’s skeletal maturity, both in first-time dislocators,
who might be considered for operative versus nonoperative
treatment, and in recurrent dislocators, for whom specific
surgical techniques may be modified if the physes are
open. Disturbance of the distal femoral physis in skeletally
immature patients can lead to growth arrest and defor-
mity.5,12,25,26 Therefore, a first step in determining the opti-
mal treatment strategy and planning any potential surgery
is to determine if the femoral and tibial physes are open
and, if so, whether there is a clinically relevant amount of
growth remaining.5 An additional goal of surgical interven-
tion for patellofemoral instability is to correct pathologic
anatomic abnormalities contributing to the instability,
including an increased distance of the tibial tubercle–troch-
lear groove, severe patella alta, increased valgus align-
ment, and trochlea dysplasia.7,8,27 Procedures that may
address the pathologic anatomy, such as tibial tubercle
osteotomy and medial patellofemoral ligament reconstruc-
tion, involve risk to the tibial tubercle apophysis and distal
femoral physis, respectively, which must be avoided in the
setting of open physes.12,16 Therefore, decision-making
algorithms and preoperative planning rely heavily upon
assessment of growth remining in the distal femoral and
proximal tibial physes. Specifically, quantifying the
amount of remianing physeal growth impacts decisions
on: (1) tibial tubercle osteotomy versus distal patellar ten-
don/soft tissue realignment techniques, (2) coronal realign-
ment with osteotomy versus implant-mediated guided
growth, and (3) the location and method of femoral fixation
of the medial patellofemoral ligament graft.5

Because of the importance of precisely and accurately
determining the patency of the distal femoral and proximal
tibial physes, it is essential for any physeal classification
system to demonstrate acceptable interrater reliability
among orthopaedic surgeons. The primary purpose of this
study was therefore to evaluate interrater reliability
among attending surgeons when performing radiologic
assessments of physeal patency of the distal femur and
proximal tibia in pediatric and adolescent patients with
patellar instability. Second, this study aimed to standard-
ize physeal assessments through peer-to-peer consensus
building to achieve higher inter- and intrarater reliability.

METHODS

After institutional review board approval was obtained at
each participating institution, a subset of prospectively col-
lected data was selected from a larger cohort of patients
with patellofemoral instability in a multicenter study.3 For
the current study, complete imaging sets were selected
comprising 20 individuals between the ages of 12 and 15
years and equally distributed by sex, to ensure that the
participating surgeons assessed an appropriate range of
physeal patencies. If available, the bone ages were also
recorded, as determined from hand and wrist radiographs.
For each knee imaging set, the pretreatment anteroposter-
ior and lateral radiographs were reviewed, as were the
intermediate-weighted time-to-echo (TE) coronal and sag-
ittal proton density sequences on magnetic resonance imag-
ing (MRI).

Six fellowship-trained orthopaedic surgeons who per-
formed a minimum of 20 patellofemoral instability opera-
tions per year examined each imaging set: 3 with pediatric
orthopaedic surgery fellowship training (D.W.G., E.J.W.,
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and S.N.P.), 2 with sports medicine fellowship training
(B.E.S.S. and S.M.S.), and 1 with both pediatric orthopae-
dic and sports medicine fellowship training (P.D.F.). Sur-
geon practice ranged from 3 to 25 years (mean, 16 years).
Surgeons were asked to perform 2 rounds of physeal
patency assessments based on (1) their current practice
without any discussion or consensus training with other
surgeons and (2) the strategies discussed and learned dur-
ing consensus training with other surgeons. Initially, the
surgeons were asked to make 3 determinations concerning
the distal femoral and proximal tibial physes based on
knee radiographs and MRI separately, using the same
imaging sets. Before consensus training, radiographs and
MRI were used for assessments, but radiographs were
removed from assessments after consensus training,
owing to indications from this study and previous litera-
ture10 that radiographs were a poor modality for assessing
clinically relevant growth remaining in the knee. Table 1
shows the exact wording of the assessments that the sur-
geons were required to make and the criteria for making
those assessments for both rounds of assessments. For the
first round of assessments, responses to the first and third
questions were dichotomized as yes or no, and responses to
the second question were dichotomized as open or closing/
closed. For the second round of assessments, all responses
were dichotomized as open or closing/closed. Each sur-
geon was granted access to a deidentified set of images,
which were imported into an institutional research picture
archiving and communication system database for analy-
sis. Surgeons entered all assessments in an Excel spread-
sheet (Microsoft Corp) and sent them to the study
coordinator within 1 month.

After the participating surgeons performed the initial set
of ratings, with no discrete criteria for physeal patency, the
process of physeal assessment was discussed among them.
The surgeons subsequently established new physis classi-
fications based on previously validated methodology22 and
their consensus discussions. George et al10 demonstrated
that skeletal maturity is significantly overestimated when
physes are examined with radiographs rather than MRI;
therefore, MRI was chosen exclusively to examine physes
in the second rating. Several previous MRI studies of the
normal knee described physes using visualization of conti-
nuity and thickness of the physeal band.6,24 The bone atlas
developed by Pennock et al22 provided a thorough review of
growth and development of the knee as seen on MRI. Pen-
nock et al described 6 stages for ossification in the distal
femur: (1) the presence of the epiphyseal secondary ossifi-
cation center, (2) complete ossification of the epiphysis, (3)
disappearance of the lamellated appearance of the subchon-
dral epiphyseal cartilage (termed the “Oreo” sign), (4) nar-
rowing of the physis, (5) partial closure of the physis, and
(6) complete closure of the physis. Additionally, they
described 9 stages for ossification in the proximal tibia:
(1) the presence of the epiphyseal secondary ossification
center, (2) partial ossification of the tibial spine, (3) com-
plete ossification of the tibial spine, (4) tubercle extension of
the epiphysis, (5) fusion of the tubercle apophysis ossifica-
tion center with the epiphysis, (6) partial fusion of the
tubercle apophysis, (7) complete ossification of the tibial
epiphysis, (8) partial closure of the physis, and (9) complete
closure of the physis. These stages had a strong correlation
with chronologic age and high interrater reliability, so
these images and definitions were used to develop new rat-
ing criteria. However, surgical decisions for patellar

TABLE 1
Surgeon Assessments and Criteria Before and After Consensus Traininga

Before Consensus Training After Consensus Training (MRI Only)

Assessment
Femoral physis decision Do you think there is significant growth remaining at

the femoral physis that you would change your
femoral tunnel to avoid the physis?

(Removed)

Femoral physeal patency Is the femoral physis open or closing/closed? Is the femoral physis open or closing/closed?
Tibia Did the patency of the tibial physis alter your surgical

decision/plan?
Is the tibial physis open or closing/closed?

Criteria for assessment
Open physes (Based on current practice) If the low signal of the physis on intermediate-weighted

TE MRI sequence can be visualized along the entire
physis (without a central closure), then physis is
classified as open.

Closing/closed physes (Based on current practice) If the low signal of the physis on intermediate-weighted
TE MRI sequence can NOT be visualized along the
entire physis, then physis is classified as closed.
Partially closed physes should be included in the
closing/closed group. Additionally, the remnant
“physeal scar” of the physis, which lacks the
characteristic low signal of an active physis, should
be classified as closing/closed.

aAssessments that surgeons were asked to make and the criteria that they were instructed to use when making those assessments before
and after consensus training. MRI, magnetic resonance imaging; TE, time-to-echo.
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instability focus on clinically relevant growth remaining in
the physis, so the stages were grouped when the new crite-
ria were developed. Stages 1 to 4 for the femur and stages 1
to 7 for the tibia were considered “open,” while the last 2
stages of each were considered “closing/closed.” After this
review, criteria were developed for assessing the physis
using the intermediate-weighted TE MRI sequence, includ-
ing sample figures from an atlas of MRI of the knee22 and
imaging from other participants in the prospective cohort

that was not utilized in this reliability study (Table 1 and
Figures 1-3).

Before the second round of ratings using only the MRIs, a
training program was implemented using the new criteria
and a session of peer-to-peer teaching to ensure that all
raters understood the new methodology and criteria for
examining physes. Based on the consensus-building pro-
cess and new criteria, surgeons repeated the physeal
patency assessments 6 months after the initial assessment
(Table 1), and the analyses were rerun for the new
responses. Finally, 1 surgeon with fellowship training in
pediatric orthopaedic surgery (D.W.G.) and 1 with fellow-
ship training in sports medicine (B.E.S.S.) completed the
physeal patency assessments a second time 4 months after
the previous assessment to establish intrarater reliability
for the new assessment methodology.

Data analysis was performed using SPSS Version 22
(IBM). Inter- and intrarater reliability was calculated using
Fleiss’ kappa. If any of the 6 surgeons deemed that an image
was technically inadequate for making a physeal patency
determination, that image was removed from that variable’s
analysis. While this decreased the number of included imag-
ing sets for some analyses, it ensured that the results were
not confounded by poor or inadequate radiologic images. To
determine if additional characteristics of the surgeons influ-
enced their interrater reliability, surgeons were additionally
stratified by years of practice and whether they completed a
pediatric orthopaedic surgery fellowship. These stratifica-
tions were not selected for but were based on characteristics
of surgeons already participating in the study. Years of prac-
tice for the 6 raters were stratified in thirds: “low” consisted
of 2 surgeons with <15 years of practice as attending sur-
geons; “medium,” 2 surgeons with 15 to 20 years of practice;
and “high,” 2 surgeons with 20 to 25 years of practice. Reli-
ability was classified per the work of Landis and Koch17: 0.0
to 0.20, slight; 0.21 to 0.40, fair; 0.41 to 0.60, moderate; 0.61
to 0.80, substantial; and 0.81 to 1.0, almost perfect. A kappa
score �0.60 for any given assessment was considered unac-
ceptably low agreement.

Figure 1. Example of low signal along the entire physis (white
arrows) based on new consensus criteria of distal femoral
physes that should be classified as “open.”

Figure 2. Example of low signal along the entire distal femoral
physis (white arrows) on intermediate-weighted TE coronal
MRI sequence, based on the new consensus criteria of an
“open” distal femoral physis. The low signal along the proxi-
mal tibial physis is interrupted (black arrows), which would be
classified as “closing/closed.” MRI, magnetic resonance
imaging; TE, time-to-echo.

Figure 3. (A) The low signal along the proximal tibial physis on
intermediate-weighted TE sagittal MRI sequence is inter-
rupted (black arrow), which would be classified as “closing/
closed.” (B) The physeal scar along the distal femoral physis
without the low signal (black arrows) would be classified as
“closing/closed.” MRI, magnetic resonance imaging;
TE, time-to-echo.
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RESULTS

Of the individuals in the 20 selected imaging sets, 50% were
male, and the age at the time of imaging was 13.9 ± 1.0 years
(mean ± SD). For the initial round of assessments, 4 images
were removed from the radiographic femoral physeal analy-
sis, 6 from the radiographic tibial physeal analysis, and 1
from MRI analyses for low quality, as determined by at least

1 of the participating surgeon raters. Interrater reliability for
all initial physeal assessments was unacceptably low (kappa
range¼ 0.01-0.58) (Table 2). When stratified by years of prac-
tice and fellowship type, the surgeons with low years of prac-
tice demonstrated acceptable reliability on the femoral
physeal assessment on radiographs (kappa¼ 0.71), while the
reliability for all other assessments remained unacceptably
low (kappa range ¼ –0.09 to 0.59) (Tables 3 and 4).

TABLE 2
First- and Second-Round Assessments of Distal Femoral and Proximal Tibial Physeal Patency,

by 6 Fellowship-Trained Orthopaedic Surgeonsa

First Assessment Second Assessment

Variable No. Kappa (95% CI) No. Kappa (95% CI)

Radiograph
Q1: Change femoral tunnel 16 0.46 (0.25 to 0.71)
Q2: Femoral physeal patency 16 0.58 (0.37 to 0.79)
Q3: Change surgery attributed to tibia 14 0.01 (–0.02 to 0.10)

MRI
Q1: Change femoral tunnel 19 0.38 (0.20 to 0.62)
Q2: Femoral physeal patency 19 0.25 (0.09 to 0.49) 19 0.99 (0.99 to 0.99)
Q3: Change surgery attributed to tibia 19 0.07 (0.00 to 0.21)
Q4: Tibial physeal patency 19 0.99 (0.99 to 0.99)

aAll measures demonstrated almost-perfect reliability after a round of consensus training. MRI, magnetic resonance imaging.

TABLE 3
First Round of Assessments of the Distal Femoral and Proximal Tibial Physeal Patency on Radiographs,

by the Surgeons’ Years of Practice and Fellowship Typea

Kappa (95% CI)

Variable Q1: Change Femoral Tunnel Q2: Femoral Physeal Patency Q3: Change Surgery Attributed to Tibia

Years of practice
Low 0.59 (0.22 to 0.82) 0.71 (0.40 to 0.88) 0.00 (–0.07 to 0.14)
Medium 0.56 (0.14 to 0.81) 0.56 (0.14 to 0.81) 0.02 (–0.06 to 0.20)
High 0.18 (–0.14 to 0.54) 0.18 (–0.14 to 0.54) –0.09 (–0.57 to 0.41)

Fellowship
Pediatrics 0.38 (0.13 to 0.65) 0.49 (0.23 to 0.73) –0.03 (–0.07 to 0.08)
Sports 0.56 (0.14 to 0.81) 0.56 (0.14 to 0.81) 0.02 (–0.06 to 0.20)

aAcceptable interrater reliability is in bold.

TABLE 4
First Round of Assessments of the Distal Femoral and Proximal Tibial Physeal Patency on MRI,

by the Surgeons’ Years of Practice and Fellowship Typea

Kappa (95% CI)

Variable Q1: Change Femoral Tunnel Q2: Femoral Physeal Patency Q3: Change Surgery Attributed to Tibia

Years of practice
Low 0.00 (–0.43 to 0.43) 0.08 (–0.10 to 0.34) 0.00 (–0.05 to 0.11)
Medium 0.57 (0.17 to 0.81) 0.39 (–0.02 to 0.71) 0.09 (–0.11 to 0.37)
High 0.15 (–0.12 to 0.47) 0.04 (–0.08 to 0.25) 0.00 (–0.05 to 0.11)

Fellowship
Pediatrics 0.27 (0.08 to 0.53) 0.12 (–0.01 to 0.33) 0.02 (–0.04 to 0.15)
Sports 0.57 (0.17 to 0.81) 0.39 (–0.02 to 0.71) 0.09 (–0.11 to 0.37)

aThere were no acceptable interrater reliabilities. MRI, magnetic resonance imaging.
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For the second assessment, interrater reliability for all
physeal assessments demonstrated almost perfect agree-
ment (Table 2). Regarding intrarater reliability, the 2 par-
ticipating surgeons demonstrated almost-perfect
agreement (intraclass correlation coefficient, 0.99; 95%
CI, 0.99-0.99). Based on the final assessment, the number
of images from individuals with open distal femoral physes
was 17 of 19 (89%), and the number with open proximal
tibial physes was 13 of 19 (68%). See Table 5 for bone ages
within each physeal patency.

DISCUSSION

The primary purpose of this study was to determine the
interrater reliability of radiologic assessments of physeal
patency by attending orthopaedic surgeons in pediatric and
adolescent patients with patellofemoral instability. We
found that before the establishment of any discrete criteria
for physeal assessment, interrater reliability for physeal
assessment was unacceptably low, even when accounting
for years of practice and formal pediatric fellowship train-
ing. This poor initial reliability is noteworthy, given the
importance of skeletal maturity for treatment decision
making and preoperative planning for patients with patel-
lofemoral instability.16,19 Because of the importance of skel-
etal maturity assessments, surgeons must use reliable
methods of physeal evaluation to appropriately risk-
stratify patients and minimize risk of iatrogenic
complications.25

Although an assessment may display good interrater
reliability, this does not necessarily indicate that the
assessment is accurate. In this study, we attempted to
determine how accurate the final physeal patency assess-
ments were by comparing them with the bone ages of the
included individuals. We found that while the adolescents
with open physes had lower bone ages on average than
those with closed physes, there was a wide range of bone
ages among participants with the same knee physeal
patency. Skeletal age in children and adolescents is typi-
cally determined using a left hand/wrist radiograph and the
Greulich and Pyle atlas.11 However, for knee pathology and
surgery, the skeletal maturation of the knee and the

estimation of remaining growth around the knee are more
important than an overall assessment of skeletal age. In
support of this study’s findings, previous studies have dem-
onstrated significant intraindividual variability between
the skeletal maturity of the hand and the knee, with differ-
ences ranging from 1.45 to 2.99 years.1,29 Thus, for children
and adolescents with patellar instability, assessment of
physes around the knee is more important than skeletal
age estimation, and skeletal age may not be an accurate
way to determine clinically relevant growth in these
physes. Future studies should confirm the accuracy of these
growth plate assessments using follow-up leg-length imag-
ing to determine how much growth occurred after these
assessments until the physes completely closed.

The results of the initial physeal evaluation were similar
to those in previous orthopaedic studies that demonstrated
low interrater reliability of radiologic assessments. A study
on osteochondritis dissecans of the knee showed poor inter-
rater reliability on the healing status of the osteochondritis
dissecans lesions.21 In a trauma-related setting, Butcher
et al4 reported low interrater reliability between and within
institutions on the classification of “polytrauma” in patients
in the intensive care unit, an important indicator for sever-
ity of injury and urgency of treatment. Similar to the cur-
rent study however, Riddle et al23 noted that after minimal
training there was significantly improved interrater reli-
ability in surgeons assessing the osteoarthritis status of the
knee. These studies show that common classifications
important to medical decision-making algorithms may not
be reliable among practicing surgeons. Lack of assessment
reliability can jeopardize patient care, so it is essential for
practicing surgeons to reach a reliable consensus on best
practice with their peers. However, these studies also dem-
onstrate that improving reliability can be achieved quickly
without large investments of time or resources. Therefore,
consensus discussions should be highly considered by all
surgeons to improve patient care.

This study has several limitations. Although
intermediate-weighted TE coronal and sagittal MRI
sequences were specified, no particular slice was specified,
and interrater reliability of the slice chosen was not
assessed, which could have reduced the interrater reliabil-
ity of ratings. However, these conditions resembled actual
clinical practice and provided a more realistic setting for
image evaluation. Exclusion of technically inadequate
images was done to ensure that the results were not altered
by poor imaging technique. This may also have introduced
some nondifferential bias toward overestimation of reliabil-
ity and decreased generalizability, as real-world imaging is
not always technically adequate. However, we felt that it
was appropriate, as it is always clinically feasible to repeat
imaging that is not technically adequate to improve diag-
nostic accuracy. Additionally, for the second rating, ques-
tions about the influence of physeal patency on clinical
decision making were eliminated. This was done to simplify
the decision-making process: Open physes of the femur and
tibia would imply skeletal immaturity, which would alter or
modify medical decisions, whereas closing/closed physes of
either the femur or the tibia would imply skeletal maturity
and favor adult-like treatment. Furthermore, because the

TABLE 5
Bone Age Assessed Using the G&P Method

for Each Physeal Patencya

Physeal Patency G&P Bone Age, y

Sex Distal Femur Proximal Tibia No. Mean Range

Female Open Open 2 13.5 12-15
Open Closing/closed 3 14.8 14.5-15
Closing/closed Closing/closed 1 14.5 14.5

Male Open Open 8 15 14-17
Open Closing/closed 0 NA NA
Closing/closed Closing/closed 1 17 17

aBone age was not available for 4 of the 19 assessed imaging
sets. G&P, Greulich and Pyle; NA, not applicable.
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second set of questions asked of the surgeons was different
from the first set, it is unclear how much the improvement
in reliability was from the new questions asked versus the
new criteria. Another limitation was that the second set of
ratings was performed using the original MRI scans rather
than a new set of images, which was done to ensure tech-
nical adequacy of the imaging set. This may have intro-
duced bias into the second set of assessments, since the
surgeons had already seen them. However, surgeons were
not told which images they disagreed on during their con-
sensus discussions, and several months passed between
ratings, therefore minimizing any potential bias in this
instance. Additionally, only 2 of the 19 distal femoral
physes were closing/closed, so raters had few opportuni-
ties to assess closing/closed femoral physes. However, this
is a common scenario when evaluating adolescent knees,
as tibial physes typically close before femoral physes, and
the raters were able to assess several closing/closed tibial
physes. Also, because of inadequate follow-up imaging,
this study was not able to evaluate the accuracy of the
physeal assessments for clinically relevant growth
remaining. Finally, all surgeons were fellowship-trained,
high-volume patellofemoral instability surgeons. Because
no general orthopaedic surgeons performed the ratings,
these findings may not be generalizable to all surgeons.
Although using only patellofemoral surgeons may have
overestimated the reliability assessment, it is probable
that baseline reliability of skeletal maturity is, if any-
thing, even worse in general practice than in the first
round of assessments in the current study. This under-
scores the importance of consensus building and training
to maximize interrater reliability of skeletal maturity
assessment by all surgeons.

In conclusion, physeal assessment without consensus
training was poor in this study. With consensus building
and training, these assessments demonstrated almost-per-
fect reliability. While this study focused on patients with
patellofemoral instability, these results can be generalized
to pediatric patients with other orthopaedic lower extrem-
ity injuries (eg, anterior cruciate ligament tears). Lack of
measurement reliability and accuracy for knee physeal
patency can jeopardize pediatric patient care when surgical
indications are determined and an appropriate procedure is
chosen on the basis of skeletal maturity. Surgeons should
focus on using reliable imaging metrics in children and
adolescents with patellofemoral instability, and measure-
ments that remain unreliable after consensus building and
training should be removed from clinical decision-making
algorithms.
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