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Technical Obstacles in Total Knee
Arthroplasty Learning: A Steps
Breakdown Evaluation

Abstract

Introduction: Total knee arthroplasty (TKA) is a common

procedure practiced in both the community and academic setting

and one that all orthopaedic surgery residents are expected to

become competent in. The aim of this study is to determine the

most common technical obstacles encountered during TKA

learning.
Methods: This is a prospective, cohort observational study

performed from September 2017 to April 2018. After routine

primary TKA, faculty completed a survey of the trainees in the case

through a series of 10 questions. The questions were scored on a

0 to 5 scale based on performance proficiency. Exclusion criteria

included revision TKA and complex primary TKA. Participants

were divided into two groups based on year in training multiplied

by the number of cases performed: group 1 (junior—n = 44)

was ,20, whereas group 2 (senior—n = 59) was .20.
Results: The senior experience group scored higher for all

questions (P , 0.05). Skills competency and technique were

related to each other, independent of experience. When

evaluating the relationships between the steps, the scores on

every step were linked to the previous and following step at all

experience levels (P , 0.05), with some dictating the success of

the rest of the case with high significance (P , 0.01).
Conclusion: We have shown that most senior-level residents

cannot necessarily perform all steps of a TKA proficiently,

potentially leading to issues in independent practice.Wehavealso

demonstrated that residents have the most difficulty with

conceptual tasks, rather than technical ones. Teaching has

traditionally focused on technical skills, but this implies

conceptual tasks may require more teaching focus.

Total knee arthroplasty (TKA) is a
common orthopaedic procedure

practiced both in community and
academic settings. All orthopaedic

surgery residents are expected to
learn and become competent in this
procedure, as demonstrated by the
inclusion of the procedure in the
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Accreditation Council for Graduate
Medical Education (ACGME) Mile-
stone program as a major orthopaedic
procedure.1 The ACGME Milestones
were first published in 2013 as a
concerted effort to streamline resident
education and provide objective goals
to evaluate surgical competency.1,2

To achieve level 1 competency, a res-
ident should be able to perform sim-
ple tasks such as a basic history and
physical examination, prescribe non-
surgical treatments, provide basic
perioperative care, and list potential
complications.1,2 A resident of level 5
experience (considered an expert in
their field) should be able to perform
two or more surgical approaches to
the knee and complex primary and
simple revision TKA procedures, be
able to develop complex postoperative
management plans, and be able to
surgically treat complex complications
including periprosthetic fractures.1,2

A requirement for graduation would
be performance at level 4 competency.
The Milestones, however, are de-
signed to address the completion of an
entire case rather than a step break-
down evaluation, and the broad cat-
egories and the lack of definable skills
maymake it difficult to place someone
properly on the evaluation scale.
Trainee involvement in TKA has

been the subject of numerous stud-
ies.3-6 However, there are no studies
evaluating the most common tech-
nical learning obstacles for residents
and fellows. Identifying these factors
may benefit the future of TKA edu-
cation for both faculty and trainees
alike. Therefore, the aim of this study
is to determine the most common
technical obstacles encountered
during TKA learning. We were
interested in identifying particular
steps that could be problematic to

trainees to better focus teaching ef-
forts. We hypothesize that evaluating
procedures on a step-by-step break-
down will result in better identification
of difficulties andways to address them.

Methods

This is a prospective, cohort obser-
vational study performed within a
single orthopaedic residency pro-
gram from September 2017 to April
2018. The faculty, residents, and fel-
lows were asked to participate in the
survey and data collection. Informed
consent was acquired before the ini-
tiation of data collection. An expla-
nation was provided to the trainees
about each step and how theywere to
be performed. After routine primary
TKA, the faculty (n = 3) who partici-
pated in the case completed an assess-
ment survey of the resident/fellow in
the case. The questionnaires took less
than 5 minutes to complete with per-
formance scored on a 0 to 5 scale based
on performance proficiency ranging
from 0 (not competent/not permitted
to perform) to 5 (technique mastered)
(Figure 1). The surveys were kept
within the operating rooms, and the
completion of the survey was per-
formed immediately after the comple-
tion of the case, to prevent any recall
bias. After the completion, the surveys
were deposited within a collection box
with the inability to modify responses
once entered. Evaluations were per-
formed without feedback or notifica-
tion to the trainee to preserve survey
accuracy. The 10 steps evaluated were
as follows: distal femoral cut, tibial
alignment guide placement, tibial cut,
femoral sizing and rotation, use of a
saw, retractor placement, soft-tissue
technique, patellar resurfacing, tibial
tray preparation, and femoral implant

placement. These were subjectively
selected by the participating attendings
as the most critical portions of the case.
Inclusion criteria included any pri-

mary TKA during which a resident or
fellow actively participated. Exclu-
sion criteria included revision TKA,
complex primary total knee cases not
appropriate for resident/fellow pri-
mary assistance with the procedure,
and lack of resident/fellow coverage
for the entirety of the case. A complex
primary was defined as those with
previous surgical interventions to the
knee and those with severe deform-
ities (.15� varus/valgus,.15� flexion
contracture). In addition, any partially
completed forms or forms completed
in a delayed fashion were eliminated
from evaluation. After application of
all inclusion and exclusion criteria,
individual performance on 10 major
technical steps in primary TKA was
evaluated by fellowship-trained attend-
ing surgeons on a standardized, de-
identified survey.
Study participants were divided

into two comparison groupsbasedon
year in training multiplied by the
number of cases performed: group 1
(junior—n = 44) was ,20, whereas
group 2 (senior—n = 59) was .20.
The differentiation between junior
(,20) and senior (.20) trainees was
established after evaluating the entire
resident class and determining that
the median experience level was 20
(years of training · cases seen). This
is why this value was chosen as the
cutoff between senior and junior.
Mean scores were calculated for
each technical step and for the total
(sum of scores) for each group. Cuts
were evaluated for how even and
level they were using an extension
block guide after the cut. Any rock-
ing, gapping, or unevenness was
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deemed to be an “uneven cut.” In
addition to this, the amount of cutting
guide motion, saw binding, and the
need to start and stop the saw would
all contribute to their scoring. The
scores based on whether the cut was
uneven were based on subjective
evaluation after observing the men-
tioned features and were not quanti-
fied by an amount. The completion of
the case was defined as being able to
perform all steps of a case without the
assistance of an attending physician.
Data were analyzed using a 2

(group) · 10 (question) multivariate
generalized linear model for non-
parametric data. Notable effects of
the group and question were fol-

lowed up by subsequent univariate
analysis between the groups for each
question and within the groups
among the 10 questions. Final uni-
variate pairwise comparisons were
analyzed using a Bonferroni post hoc
adjustment. In addition, we per-
formed correlation coefficients for
all questions, comparing scored
techniques, year in training, cases
observed, and total experience (years
in training · cases observed). To
determine the relationship between
how trainees scored on each tech-
nique and the relationship between
technique performance and experi-
ence, a Spearman rho correlation for
nonparametric data was used. Corre-

lations strength was defined as weak
(r = 0 to 0.3), moderate (0.3 to 0.7),
strong (0.7 to 0.8), and very strong
(.0.8). Type I error was set at alpha =
0.05 for all analyses.

Results

A total of 103 surveys were filled out
for the evaluation of fellows and res-
idents by three faculty members. A
total of 44 surveys were evaluated for
the junior resident group, and 59
surveys were evaluated for the senior
resident group. When comparing the
surgical technique of the junior resi-
dentswith that of the senior residents,

Figure 1

Diagram showing the survey provided to an attending after the completion of a case with resident involvement. If a portion
was not performed, the question was left blank and marked as N/A (given a score of 0/5 for analysis purposes). TKA = total
knee arthroplasty
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our analysis revealed a significant
effect of both experience level and
technical step (P, 0.05). Subsequent
analysis revealed a significant dif-
ference between the experience
groups for all questions with the
senior experience group scoring
higher (P , 0.05). The comparison
of scoring for each question within
the respective groups saw Q1 (distal
femoral cut), Q3 (tibial cut), and Q5
(use of saw) scoring the highest for
the junior experience group and Q1
(distal femoral cut), Q4 (femur sizing
& rotation), Q7 (soft-tissue tech-
nique), Q9 (tibial tray preparation),
and Q10 (femoral implant place-
ment) scoring the highest for the
senior group (P , 0.05) (Figure 2).
Overall, the highest scores for both

junior and senior experience levels
were achieved in performing the dis-
tal femoral cut and tibial cut. The
lowest scores for both junior and
senior experience levels were ach-
ieved in performing placement of the
tibial alignment guide, placing re-
tractors, and patellar resurfacing.

The largest difference from junior to
senior levels was made in performing
sizing of the femur and setting rota-
tion, tibial tray preparation, and
femoral implant placement. The least
differencewas found in use of the saw
and soft-tissue technique (Table 1).
We also wanted to evaluate the

flowof a case bydeterminingwhether
training or year of experience had any
correlation with an overall technical
mastery. The results demonstrated
that skills competency and technique
were not only related to year of
training and experience but also to
each other independent of experi-
ence. If residents were identified to
struggle with one aspect of the sur-
gery, they were statistically more
likely to struggle with all portions of
the case. When evaluating the rela-
tionships between the steps, the
scores on every stepwere linked to the
previous and following step in all
cases and all experience levels (P ,
0.05). Some aspects, such as the
sizing of the femur and setting of the
rotation, even dictated the success of

the rest of the case with high statis-
tical significance (P , 0.01).

Discussion

Our results demonstrate that year of
training correlates with competency
in tasks related to performing a TKA,
butmost residents, even those in senior
positions, may not accomplish com-
petency of the entire procedure. All
residents were evaluated from Sep-
tember to April of their assigned
experience level, defined as the mid-
point in training. Senior residents per-
form all portions of a case better than
junior residents, but not necessarily to
the level that is deemed mastered (level
4). In addition, all steps were closely
correlated with each other; if residents
struggled with one step, they likely
struggled with all of them. Finally, we
have demonstrated that residents have
the most difficulty with conceptual
tasks, rather than technical ones.
In evaluating the steps, we broke

down tasks based onwhether it was a

Figure 2

Chart showing the summary of the proficiency scores assigned to junior and senior residents for each aspect of the case.
Data are presented as means 6 SD for proficiency scores for junior (cases seen · year in training , 20) and senior (cases
seen · year in training . 20) experience groups. *Pairwise differences BETWEEN experience groups were detected for all
questions (P , 0.05). Letters over bars indicate differences in score between questions WITHIN each group with “like”
letters indicating no significant difference from question to question (P , 0.05).
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technical skill or a conceptual skill
because some think that the key to a
successful operation is up to 75%
decision-making.7 A technical skill is
any psychomotor action acquired
through practice and learning per-
taining to a particular craft or pro-
fession.8,9 A nontechnical skill (in
this case deemed a “conceptual
skill”) is defined as a collective term
used to describe the skills and be-
haviors encompassing situational
awareness, decision-making, com-
munication, teamwork, and leader-
ship.8 Technical skills include the
distal femoral cut, tibial cut, use of
the saw, retractor placement, and
soft-tissue technique. Conceptual
skills include placement of the tibial
alignment guide, tibial tray prepa-
ration (including sizing and rota-
tion), patellar resurfacing (including
sizing, positioning, and rotation),
femoral sizing and setting of rota-
tion, and femoral implant placement.
Of note, two faculty members used a
free-hand technique for patellar re-
surfacing and one used a guided tech-
nique. For the evaluation of technical
skills, the standard for tibial alignment
included neutral overall limb alignment
and an anatomic posterior slope, and
external rotation allowing the middle
of the tibial tray to align with the
middle of the patellar tendon. For the
femur, the benchmark of alignment
was 5� external rotation with neutral
overall alignment of the limb. Finally,

regarding techniques performed during
the tibial cut, exposing the saw blade
too aggressively for the cut into sur-
rounding soft tissues (ie, the medial
collateral ligament (MCL) [too far
medial], posterior capsule [too deep],
or patellar tendon [too anterolateral]).
Considering this, our results show

the largest strides made in conceptual
tasks (tibial tray preparation, femo-
ral guide placement, and femoral
implant placement). It also shows the
most difficult tasks encountered at
both levels were conceptual tasks
(patellar resurfacing, tibial alignment
guide placement, retractor place-
ment). Retractor placement could be
considered both a technical and con-
ceptual task depending on the inter-
pretation. Teaching has traditionally
focused on technical skills,10 but this
implies conceptual tasks may require
more teaching focus but also may
vary between attendings.
In the authors’ opinion, one of the

most important technical tasks is the
use of the saw. When evaluating
trainees on their saw technique,
items that were taken into account
included the smoothness of the cut,
the amount of binding the saw
experienced within slotted cutting
guides, and the need for repeat cuts
to accomplish an evenly cut surface.
Because of these very defined crite-
ria, the progress made in training
year was the least with the saw
technique. This demonstrates that

experienced arthroplasty surgeons
think trainees have not yet achieved
proficiency with a power saw similar
to themselves. The literature has
shown saws that get bound up in
constrained cutting guides can result
in movement of the cutting block by
up to 1 mm.11 In addition, saw
toggle and a lack of saw control can
result in cutting errors as large as
0.8 mm, which may result in major
cutting errors and the potential for
an unbalanced knee.11

The ACGMEMilestones were first
published in 2013 to provide objec-
tive goals to evaluate residents’
competency.1 These were further
modified and released in 2015 in a
joint effort from the ACGME and
American Board of Orthopaedic
Surgeons.2 The Milestone Project
stated that “The Milestones provide
a framework for the assessment of
the development of the resident
physician in key dimensions of the
elements of physician competency
in a specialty or subspecialty,” but
they cautioned that the Milestones
“neither represent the entirety of the
dimensions of the six domains of
physician competency, nor are they
designed to be relevant in any other
context.”2 That being said, some
have argued that an added benefit
is that residents themselves are able
to use the Milestones as a way to
evaluate their own learning and make
adjustments as necessary.12 However,

Table 1

Mean Scores of Junior & Senior Trainees

Q1 Q2 Q3 Q4 Q5 Q6 Q7 Q8 Q9 Q10 Total (n/50)

Junior responses

Mean 2.8 1.8 2.4 2.0 2.7 1.8 3.1 1.9 1.7 1.8 21.7
SD 0.2 0.3 0.2 0.3 0.2 0.3 0.2 0.3 0.3 0.3 2.1

Senior responses
Mean 4.6 4.1 4.6 4.5 4.0 4.2 4.5 3.9 4.3 4.4 42.6
SD 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.2 0.1 0.1 0.7

Summary for junior (,20) and senior (.20) residents performance in each of the evaluated tasks. Each task was graded out of 5, with a total final
score out of 50. Bolded total is the sum of the means of all 10 steps for junior and senior trainees. 50 is the maximum possible score to achieve (5/5
on each individual step).
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controversy still exists as to whether
there is any validity to these assess-
ments and whether they are truly able
to assess if a trainee surgeon is com-
petent, given the broad categories
evaluated.13 By comparing the Mile-
stones with our study, we were able to
demonstrate that looking at the com-
pletion of a procedure as a whole
task may minimize the progression
within a specific procedure. As ex-
pected, we found that residents who
were in a junior year of training were
less proficient with all portions of the
case when compared with senior res-
idents. However, we also found that
despite the perception that senior res-
idents should have mastered a simple
primary TKA earlier in training,
when broken down on a technical
step-by-step basis, this was not being
accomplished. By considering this, we
think that progress is better evaluated
in this more detailed step-by-step basis.
We think this is a better way to identify
where residents may be stalling to
make progression to completing a full
procedure competently.
Multiple studies have shown that

increased case volume improves the
outcomes and efficiency and mini-
mizes complications.14-17 Therefore,
although the results of the compari-
son between the resident levels show
senior residents are able to perform
all portions of a case more compe-
tently than junior residents, more
valuable information can be acquired
through the steps breakdown. As a
senior-level resident, issues were most
often encountered during tibial align-
ment guide placement (Q2), use of the
saw (Q5), retractor placement (Q6),
and patellar resurfacing (Q8). In all of
these categories, most senior residents
were deemed to have not mastered all
of the techniques. This is in direct
contrast to evaluations of the Mile-
stones, where most senior-level resi-
dents thought they had achieved a
level 4 mastery, which corresponds
to not only mastering a primary total
knee but also simple revision knees.17,18

We have demonstrated that in isola-
tion, this mastery may not be true and
could serve as a deficiency when these
residents enter independent practice.
By addressing deficiencies on a step-
by-step breakdown, you give residents
a more focused skill to work on in-
traoperatively and you ensure that all
portions of the case can truly be per-
formed independently.
Finally, in evaluating a link

between the steps,we identified that if
residents were to perform poorly
with one portion of the case that we
evaluated, they were more likely to
score poorly with all portions of the
case regardless of their experience.
We think this is valuable information
to acquire when training residents
because it may allow early identifi-
cation of those who are not per-
forming adequately. Studies have
previously questioned the accuracy
between case logs and attending
evaluation of performance,19 but
other studies have good validity
between self-evaluation in compari-
son with attending evaluations.20

This study takes this one step further
by being able to identify residents
having difficulty in early steps of the
case to allow for early correction, an
area of research currently lacking in
the orthopaedic literature. Patients
who underwent TKA surgery at a
teaching hospital, under resident
assistance, were more likely to be in
the operating room for longer and
have higher perioperative resource
consumption.6 Therefore, identify-
ing and improving residents’ per-
formance is not only important from
a teaching perspective but also from
a patient’s outcome perspective.
Limitations of the study include a

lack of instrument validation, and the
10 steps listed for grading may not
encompass the entirety of the case
and have not been formally validated
before the study. The use of the
scoring scale, however, was similar
to previous investigations using
Likert-based scoring for evaluation

of technical proficiency in clinical and
nonclinical settings.21-23 This has
been a standardized validated prac-
tice in clinical research for collecting
qualitative data in several current
and past investigations. In addition,
we added the score of 0 for those not
able, or permitted, to complete a
particular technique. In addition,
the interobserver variability may
account for some differences in the
score. Some attending surgeons are
more likely to scrub with senior
versus junior residents, and there-
fore, the grading style may not be
consistent across the population.
Interpersonal relationships and trust
may affect the scores; however, at-
tempts to limit this were made by
making the surveys measure technical
aspects only. Expectedly, not applica-
ble (N/A) responses for the junior
surveys were much higher than those
for the senior surveys, indicating that
junior residents were not allowed to
perform certain portions of a case. Had
they been allowed to perform some of
the more “technically demanding”
portions of the case, the findings might
have differed somewhat. It is important
to note, however, that the residents
were not penalized for their previous
step performance. Instead, if the
supervising surgeon thought it would
be unsafe to the patient or the resident
did not possess the skill level to per-
form the task (based on year of train-
ing, and in general not on individual
competence), then a score of 0 would
be awarded. Goals of future studies
are to validate the proposed evalua-
tion scale and formalize more objec-
tive ways of evaluating surgical skills
(ie, using video review, real-time third-
party evaluators).

Conclusion

We have shown that residents who
were in a junior year of training were
less proficient with all portions of the
case when compared with the senior
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residents. We have also shown that
despite historical evaluations to the
contrary, most senior-level residents
cannot necessarily perform all steps
of a TKA proficiently, potentially
setting them up for issues in inde-
pendent practice. This evaluation
tool can be used to help senior resi-
dents continue to make progress and
ensure true proficiency and should be
used in conjunction with the
ACGMEMilestones.
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