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Research Article

Defining the Learning Curve of Anterior Total Hip
Arthroplasty After Fellowship-specific Training

ABSTRACT

Purpose: To investigate the learning curve associated with performing

direct anterior total hip arthroplasty (THA) immediately after fellowship

training in this approach.

Methods: This was amulticenter, retrospective study that collected data

onall directanteriorTHAsperformedby four fellowship-trainedarthroplasty

surgeons in their first year of practice. Demographic data, surgical time,

blood loss, surgical complications, and medical complications were

recorded. Regression models were created to evaluate the outcomes of

interest. A generalized linear mixedmodel was used to estimate the effect

of the number of THA procedures performed, a proxy for surgical

experience with this procedure, on the variables of interest.

Results: A total of 286 patients undergoing direct anterior THA were

included in this study. A decrease in surgical complications after

approximately 40 cases and a decrease inmedical complications at 25

to 50 cases were observed. Both surgical time and blood loss showed

no learning curve.

Conclusion: Extensive training with a direct anterior approach during

fellowshipminimizes the learning curve for blood loss and surgical time,

but it continues to exist regarding perioperative surgical and medical

complications. Recent fellowship graduates should be cautious and

expect a learning curve of around 40 cases before complication rates

begin to normalize.

Over the past decade, the utilization rate of the direct anterior approach
for total hip arthroplasty (THA) has increased quite markedly. At the
2018AmericanAssociation ofHip andKnee Surgeonsmeeting, 40%

of members indicated they use a direct anterior approach, which increased
from 12% in 2010.1 The reason for this increased utilization is likely due to
combination factors including patient preference, increasing prevalence in
resident/fellow education, surgeon marketability, industry driven advocacy,
and improved early recovery.2,3 However, the current published literature
does not provide a consensus on which approach is clinically superior for
THA.
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Like many surgical techniques, there is a substantial
learning curve when doing this surgical approach. Sur-
geon ability, training experience, and surgical team
experience are just a few variables that influence the
complication rate and likelihood of doing a safe, efficient
procedure. Studies that have attempted to quantify the
learning curve have found it to be anywhere from 40 to
100 cases before perioperative complications, surgical
time, and intraoperative blood loss begin to normalize.4-10

Although there aremany studies that have attempted to
quantify the learning curve for anterior THA, none have
specifically looked at recent fellowship-trained adult
reconstruction surgeons during their first year of practice.
Rather, previous studies have evaluated those surgeons
transitioning to an anterior-based approach after having
had already been trained in a posterior approach. The

purpose of this study was to evaluate the learning curve
for a group of surgeons that have completed an arthro-
plasty fellowship with training in the anterior approach.

Methods
Before conducting the study, Institutional Review Board
approval and data use agreements between all four in-
stitutions were obtained. Data from August 2017 to
August 2018, which corresponds to the first year of
practice of four arthroplasty surgeons, were collected by
separate research teams at each institution. Two surgeons
were in private practice: one was in private practice with
an arthroplasty fellowship and the other was in an aca-
demic practice. The data for 286 total patients were col-
lected by the research team at the primary institution.

Table 1. Patient Characteristics

Age (yr), mean (SD) 65.87 (11.70)

BMI, mean (SD) 28.47 (5.66)

Sex, n (%)

Female 163 (56.99)

Male 123 (43.01)

Laterality, n (%)

Left 137 (47.90)

Right 149 (52.10)

Disposition, n (%)

Skilled nursing facility 32 (11.19)

Home 254 (88.81)

Diagnosis, n (%)

Fracture 12 (41.95)

Osteonecrosis 24 (8.39)

OA 250 (87.41)

Surgeon, n (%)
No. of direct anterior

Surgeon 1 25 (8.74)
12

Surgeon 2 68 (23.78)
65

Surgeon 3 144 (50.35)
144

Surgeon 4 49 (17.13)
48

Hana table, n (%)

Yes 218 (76.22)

No 68 (23.78)

Length of stay (nights), median (IQR) 1.00 (1.00–2.00)
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Inclusion criteria includedall patients undergoingprimary
THA through a direct anterior approach. Exclusion cri-
teria included patients who underwent bilateral THA
during the same operation. Patient demographics, co-
morbidities, medical complications, surgical complica-
tions, and perioperative data were collected for every
patient (Table 1). All four surgeons were trained at the
same fellowship program from August 2016 to August
2017 and extensively used a direct anterior approach for
primary THAs. During their fellowship, each surgeon
case logged approximately 250 THAs with 60% of those
being done through an anterior approach. During their
first year of practice, three of the four surgeons used a
direct anterior approach approximately 97% of the time
for primary THAs. One surgeon did approximately 50%
direct anterior and 50% posterior. Three of four used a
HANA table to do their THA, whereas one did their
surgery on a standard flat, radiolucent operating table.

For statistical analysis, the SAS GLMSELECT proce-
dure was used to generate the design matrix for a con-
structed restricted cubic spline effect with a truncated
power function basis and three internal knots placed at
equally spaced percentiles for the number of THAs per-
formed predictor effect. A linear mixed model was fit to
estimate the effect of this design matrix for the THAs
performed predictor effect on surgical complications,
medical complications, surgical time, and blood loss. This
model included a random intercept effect to account for
within-surgeon correlations. This model also featured a
restricted maximum likelihood estimation method, a
Kenward-Roger adjustment to correct the denominator
degrees of freedom, and an unstructured covariance
structure. For each respective variable, marginal mean
surgical complications, medical complications, surgical
time, and blood loss probabilities were predicted without
using random effect predictors, then exponentiated and
plotted versus the number of THAs performed. The 95%
confidence intervals were also estimated and plotted.
Frequencies and percentageswere reported for categorical
variables. Means and SDs were reported for normally
distributed continuous variables, and medians and inter-
quartile ranges were reported for non-normally distrib-
uted continuous variables.

Results
Of the 286 patients who underwent an anterior THA,
163were female (57%), with amean bodymass index of
28.5 (SD 22.8 to 34.1) and mean age of 65.9 years (SD
54.2 to 80.3). The most common diagnosis was osteo-

arthritis (87.4%), and 88.8% were discharged to home;
76.2% of these THA procedures were done using a
HANA table. The Charlson comorbidity index was re-
corded for all patients,with amedian score of 3 (Table 2).

Surgical Complications
The most common surgical complication was wound
complications and occurred in six patients (2.1%). Three
with delayed healing, one with a postoperative hema-
toma that resolved, one required revision with plastic
surgery, and one required irrigation and débridement
secondary to a superficial surgical site infection. Six
patients (2.1%) required revision surgery (the three
patients with wound issues previously mentioned and
three required revision after dislocation). The remaining
surgical complications are listed in Table 3.

This learning curve illustrates that the probability of
surgical complications increases until approximately 40
THA procedures have been done. Then, the probability
of surgical complications decreases and remains low
thereafter (Figure 1).

Medical Complications
The most common medical complications reported were
deep vein thrombosis (1.1%), urinary retention (1.1%),
and electrolyte imbalance (1.1%). The full list of com-
plications is listed in Table 4.

This learning curve illustrates that the probability of
medical complications drops more precipitously within
the first 25 to 50 THA procedures performed; then, the
probability levels off and remains low for subsequent
THA procedures (Figure 2).

Blood Loss
The median blood loss was 250 mL (IQR of 250 to 300).
In Figure 3, the learning curve illustrates that average
predicted blood loss remains relatively constant until
approximately 40 to 50 THA procedures performed and
then actually increases slightly thereafter.

Surgical Time
The average surgical time was 117 minutes with a SD of
30 minutes. The learning curve in Figure 4 illustrates that
average predicted surgical time is relatively flat but decreases
slightly at first until approximately 40 THA procedures
performed and then actually increases slightly thereafter.

Discussion
The direct anterior approach for THA is becoming more
popular among arthroplasty surgeons for a variety of
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reasons, andmany surgeons in practice have learned and
adopted this approach. However, the existence of a
substantial learning curve has been demonstrated in a
variety of studies that have primarily focused on those
transitioning from a posterior to an anterior approach.
Those studies have done so by analyzing fluoroscopy

time, surgical time, blood loss, and perioperative com-
plications. These reports put the learning curve anywhere
from 40 to more than 100 cases during that transi-
tion.5-11 This is the first study to quantify the learning
curve for arthroplasty surgeons beginning their practice
directly after completing an anterior-based THA

Table 2. Comorbidities

Variable N (%)

Myocardial infarction 8 (2.8)

Congestive heart failure 35 (12.24)

Peripheral vascular disease 35 (12.24)

Cerebrovascular disease (except hemiplegia) 18 (6.29)

Dementia 5 (1.75)

Chronic pulmonary disease 34 (11.89)

Connective tissue disease 15 (5.24)

Peptic ulcer disease 7 (2.45)

Mild liver disease 8 (2.8)

Diabetes mellitus without complications 25 (8.74)

Diabetes mellitus with end organ damage 8 (2.8)

Moderate or severe renal disease 15 (5.24)

Solid tumor, nonmetastatic 37 (12.94)

Solid tumor, metastatic 1 (0.35)

Leukemia 3 (1.05)

Lymphoma/multiple myeloma 1 (0.35)

AIDS 1 (0.35)

Total comorbidity score, median (IQR) 3.00 (2.00–5.00)

Table 3. Surgical Complications

Surgical Complications, n (%) Rate

Intraoperative femoral canal perforation 4 (1.4)

Postoperative iliopsoas tendinitis 1 (0.35)

Hip dislocation 5 (1.75)

Acetabulum, greater trochanter, or ramus fracture 5 (1.75)

Wound complications 6 (2.1)

Foot drop 1 (0.35)

Lateral femoral cutaneous nerve pathology 5 (1.75)

Femoral nerve palsy 1 (0.35)

Instability 1 (0.35)

Periprosthetic fracture 2 (0.70)

Infection 1 (0.35)

Revision surgery 6 (2.1)

Blood loss requiring transfusion 2 (0.70)
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fellowship. These results show that a learning curve
exists in this scenario but is shorter than has been shown
in previously published literature. This study demon-
strated it to be approximately 40 cases for surgical
complications, 25 to 50 cases for medical complications,
but there was no learning curve for surgical time or
blood loss.

The incidence of surgical complications within this
cohort was 9.44%, totaling 27 patients. Wound com-

plications were seen in 2.1% of patients, which were
mostly composed of delayed healing; however, one
patient did require plastic surgery coverage.Masonis and
Thompson et al reported a 3% wound healing compli-
cation rate in their cohort, but all patients required a
superficial irrigation and débridement. Hip dislocations
were seen in five patients (1.75%), which is comparable
with the overall dislocation rate of anterior-based THAs
of 0.6% to 1.5%.11-14 The cohort revision rate of 2.1%

Figure 1

Learning curve for THA surgical complications. The learning curve (black line) illustrates the probability of surgical complications
increasing until approximately 40 THAs, then decreases and remains low thereafter. The 95% confidence interval is reflected by the
blue and red dotted lines. THA = total hip arthroplasty

Table 4. Medical Complications

Medical Complications, n (%) Rate

Deep vein thrombosis 3 (1.05)

Pulmonary embolism 1 (0.35)

Urinary retention 3 (1.05)

Medication overdose 1 (0.35)

Postoperative GI bleed 1 (0.35)

Electrolyte imbalance 3 (1.05)

Acute kidney injury 2 (0.70)

Fall 1 (0.35)

Fracture 1 (0.35)

Delirium 1 (0.35)

Atrial fibrillation 1 (0.35)
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(six total) consisted of three for dislocation and three for
wound complications. Lateral femoral cutaneous nerve
irritation is a complication that was found in 1.75% of
the patients (five total). The current literature states that
there is an incidence ranging from , 1% up to 67%, but
with the majority resolving within 1 year postopera-
tively.15,16When total surgical complications were looked
at in this cohort, the learning curve illustrated that the
probability of surgical complications would increase until
approximately 40 anterior THAs had been performed.

The overall medical complication rate was 5.9%.
Among the most common complication in this study was
urinary retention (1.1%), which falls on the low side of
the incidence of postoperative urinary retention in ar-
throplasty. Rates range anywhere from 0.8% to
46%.17-21 An incidence of 1.1% for DVT in this cohort
was also observed. Current literature places the inci-
dence of DVT at 0.15%.22 Although this cohort
showed a relatively high rate, this may be in part to a
low number of participants, which would be expected to
normalize over time. Reporting of medical complica-
tions has not been done by any other studies that have
defined the learning curve of anterior THA, and this
study highlighted that the learning curve regarding
medical complication rests at the 25 to 50 case mark.

For surgical time, this study showed a slight increase
after the 40th case. A single surgeon, retrospective review
byKongetal8 reported a notable decrease in surgical times
after 72 cases. A study byMasonis et al7 described an even
longer learning curve regarding surgical and fluoroscopy
time, which they reported to be more than 100 cases. In
this cohort, we expected surgical time to decrease because
the surgeons became more efficient and had overcome the
learning curve. This may be attributable to surgeons
becoming more comfortable and have overcome the
learning curve that they may be more inclined to let
trainees such as residents and fellows perform more of the
case, therefore leading to this increase. In addition, as
surgeons become more comfortable, they may be more
inclined to take on increasingly difficult cases.

Blood loss was another variable found to remain steady
upuntil the 40th case and then slightly increased. Seng et al6

reported the normalization of blood loss after their 40th
case. Goytia et al5 showed good improvement with esti-
mated blood loss after 40 cases and substantial improve-
ment after 60 cases. For the same reasons as surgical time,
blood loss is also a variable that may be subject to variable
reporting and most research designs having an imprecise
method of measuring blood loss, which further compli-
cates the ability to accurately track this metric as well.

Figure 2

Learning curve for THAmedical complications. This learning curve (black line) illustrates that the probability of medical complications is
high when initially doing THAs, but then precipitously drops within the first 25 to 50 THA procedures performed, and finally, this
probability levels off and remains low for subsequent THA procedures. The 95% confidence interval is reflected by the blue and red
dotted lines. THA = total hip arthroplasty
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Limitations of this study include the inherent weak-
nesses associated with the retrospective nature of this
study.With a relatively small sample size of 286 patients,

the results are more prone to bias from surgeons of the
cohort that have a higher volume of patients. In addition,
the surgeons were from different practice settings, and

Figure 4

Learning curve for THA surgical time. This learning curve (black line) illustrates that average predicted surgical time decreases slightly at
first until approximately 40 THA procedures performed and then actually increases slightly thereafter. The 95% confidence interval is
reflected by the blue and red dotted lines. THA = total hip arthroplasty

Figure 3

Learning curve for THA ln (blood loss). This learning curve (black line) illustrates that average predicted blood loss remains relatively
constant until approximately 40 to 50 THA procedures performed and then actually increases slightly thereafter. The 95% confidence
interval is reflected by the blue and red dotted lines. THA = total hip arthroplasty
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half had trainees. However, the goal was to average these
variables and give a generalized view of the initial
learning curve. The most important issue is whether this
study simply captures the learning curve of a new surgeon
in practice, irrespective of the procedure. Although this a
valid limitation, this study does show no learning curve
regarding blood loss and surgical time. The learning
curve is also shorter than in previously published studies.
This study elucidates the value of fellowship training in
this approach while demonstrating the need for contin-
ued caution when starting practice.

Conclusion
Despite having extensive training with a direct anterior
approach during fellowship, a learning curve continues
to exist regarding perioperative surgical and medical
complications. Recent fellowship graduates should be
cautious and expect a learning curve of about 40 to 50
cases before complication rates begin to normalize.
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