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Trainee Surgeons Affect Operative
Time but not Outcome in Minimally
Invasive Total Hip Arthroplasty
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: Training of young surgeons in total hip arthroplasty (THA) is crucial, but might affect operative time
. and outcome especially in minimally invasive (MIS) THA. We asked whether the learning curve of
orthopaedic residents trained on MISTHA has an impact on (1) operative time (2) complication rates
and (3) early postoperative outcome. In a retrospective analysis of over 1000 MIS THAs from our
institutional joint registry, operative time, complication rates, patient reported outcome measures
- (Western Ontario and McMaster Universities Arthritis Index [WOMAC] and Euro-Qol 5D-5L [EQ-5D])
© within the first year and responder rates for positive outcome as defined by the Outcome Measures in
Rheumatology and Osteoarthritis Research Society International consensus responder (OMERACT-
OARSI) criteria were compared between trainee and senior surgeons. Mean operative time was nine
minutes longer for trainees compared to senior surgeons (78.1 + 25.4 min versus 69.3 & 23.8 min,
p < 0.001). Dislocation (p =0.21), intraoperative fracture (p = 0.84) and infection rates (p = 0.58) were
comparably low in both groups. Both trainee and senior THAs showed excellent improvement of EQ-5D
- (0.34+0.26 versus 0.32 £+ 0.23, p=0.40) and WOMAC (45.9 4-22.1 versus 44.9 4-20.0, p =0.51) within
. the first year after surgery without clinical relevant differences. Similarly, responder rates for positive
outcome were comparable between trainees with 92.9% and senior surgeons with 95.2% (p=0.17).
MIS THA seems to be a safe procedure during the learning curve of young orthopaedic specialists, but
requires higher operative time.

Total hip arthroplasty (THA) is one of the most successful and frequently performed procedures in orthopaedic
surgery'. For primary THA an increase of 174% is estimated in the United States by 2030 The additional demand
for arthroplasty surgeons is faced with a high number of expected retirements leading to a further shortfall of
orthopaedic surgeons®. This development underlines the especial need of training young surgeons for performing
THAs.
: At the same time, although surgeons have always aimed for best operative results, the initiation of national
: joint registries, quality networks and online platforms urges hospitals to avoid patient dissatisfaction and com-
. plications in their statistical reports* 3. Furthermore, the growing socioeconomic pressure for time efficient sur-
gery additionally interferes with the opportunity for young surgeons to train operative procedures. However, the
debate on outcome and complication rates after THA performed by trainees is still controversial®=°.
: Over the last years, minimally invasive (MIS) surgical techniques with reduced incision lengths and
. less-extensive exposures have become more popular in THA. For experienced surgeons these approaches seem
© to be safe without greater operative complication rates in general'’. However, for a trainee it might be more chal-
. lenging to estimate the anatomic situation intraoperatively during MIS THA'. In literature, a prolonged operative
© time of eight minutes during the learning curve of an already in THA experienced surgeon compared to conven-
: tional THA has been described!?. This study compared the first 86 consecutive MIS THAs with a matched cohort
- of hips treated with a standard lateral approach operated by one senior surgeon. At one year follow-up, both
groups showed similar clinical outcome and complication rates. However, the effect of training young surgeons
in MIS THA is still unknown.
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N=1008 Trainee Senior
Number of THAs N=240 N=768
Age (years) 65.9+10.1 63.8+10.8
Gender (men/women) 121/119 365/403
ASA-Class 1 27 (11.3%) 142 (18.5%)
ASA-Class 2 125 (52.1%) 411 (53.5%)
ASA-Class 3 85 (35.4%) 212 (27.6%)
ASA-Class 4 3(1.3%) 3(0.4%)
Operative time (min) 78.1+25.4 69.3+23.8
Length of hospital stay (d) 95+1.8 94+1.6

Table 1. Anthropometric characteristics of the study group*. *For categorical data values are given as relative
and absolute frequencies, for quantitative data values are given as mean (standard deviation), THA =total hip
arthroplasty, ASA = American Society of Anaesthesiologists.

In the current single centre study of over 1000 MIS THAs, we aimed to compare operative time, complication
rates and early postoperative outcome within the first year after THA between trainees and senior surgeons using
a MIS anterolateral hip approach at a university medical centre.

Patients and Methods

A retrospective analysis of the institutional joint registry was performed. The local Ethics Commission waived
approval. A power calculation was performed for investigation of the primary endpoint operative time. The cor-
responding hypothesis was tested on a 5% significance level. From a previous study analysing the learning curve
of senior surgeons in MIS THA we set the effect size conservatively to 0.3'2 with a sample ratio of 2:1. Based on
these considerations, a sample size of 176 in the trainee group and 352 in the senior surgeon group achieved a
power of 90% using two-sample t-tests (nQuery Advisor 7.0, Statistical Solutions Ltd, Cork, Ireland). From the
database all patients undergoing primary cementless THA between June 2011 and December 2015 due to pri-
mary or secondary coxarthritis with complete pre- and postoperative outcome measures were chosen. During
this period 2645 hip replacements were performed at the study centre including 327 revision arthroplasties of
the hip. 1252 primary hip replacements met the inclusion criteria (primary THA, whole procedure performed by
either senior surgeon or trainee, complete data files, complete pre and postoperative outcome measures). In 244
cases information on the operating team was incomplete. Patients undergoing revision THA or with incomplete
data files or per-/postoperative outcome measures were excluded. A total of 1008 patients were included in final
analysis. All operations were performed at our Department of Orthopedic Surgery at Regensburg University
Medical Centre, Germany. Available data from the institutional joint registry included patient age, gender, date of
admission and discharge, operative time, name of operating team, complication rates one year after surgery and
pre- and one year postoperative Western Ontario and McMaster Universities Arthritis Index (WOMAC)" and
Euro-Qol 5D-5L (EQ-5D)™. The WOMAC is an international widely used score to evaluate outcome after total
joint replacement representing a multidimensional measure of pain, stiffness and physical functional disabil-
ity'®. This measurement of outcomes by health-related quality of life questionnaire has especially been developed
for patients with osteoarthritis and has been approved in several longitudinal studies with patients undergoing
THA!'S!8, The EQ-5D is a widely used and tested descriptive instrument for evaluating health status. It defines
health based on five dimensions: Mobility, Self-Care, Usual Activities, Pain/Discomfort and Anxiety/Depression.
To improve the instrument’s sensitivity to small and medium health changes and to reduce ceiling effects the
number of levels of severity in each dimension was expanded in 2005 to a five-level descriptive system increasing
reliability and sensitivity of EQ-5D.

All THAs were classified into two groups: Trainee THA and Senior THA. THA was defined as training pro-
cedure if the junior surgeon had completed the entire THA. All trainee operations were performed under the
supervision of a senior surgeon according to the national guidelines. All trainees had a basic surgical educa-
tion of 2 years prior to performing THAs. Therefore, trainees were between their 3rd to 5th year of surgical
training. During the observed period of time 13 trainees performed the operations during their arthroplasty
rotations. Experience in THA differed in the trainee group between 5 to 20 entirely performed MIS THAs. In
contrast, each of the six senior surgeons had experience with more than 200 MIS THAs. Altogether 240 cases
were available for trainee and 768 for senior THA, respectively. Anthropometric characteristics of the study
group are shown in Table 1. Cementless THA was performed in the lateral decubitus position of all patients. A
MIS single-incision anterolateral approach to the hip was used according to an intermuscular and interneural
tissue plane between the tensor muscle and the gluteus medius muscle (Fig. 1)'°. Press-fit acetabular compo-
nents and cement-free hydroxyapatite-coated stems of one single manufacturer (Pinnacle®cup, Corail®stem or
Trilock®stem, DePuy,Warsaw, IN, USA) with a femoral head size of 32 mm were used in all THAs.

For dichotomizing responders and nonresponders within the first year after THA, the Outcome
Measures in Rheumatology and Osteoarthritis Research Society International consensus responder crite-
ria (OMERACT-OARSI) were used'*?°. These criteria assess responder status based on relative change in
Index (WOMAC) scores in relation to benchmarks determined by expert consensus and statistical analyses.
OMERACT-OARSI criteria were chosen since they do not depend on patient characteristics of the cohort and
thus reducing any potential selection bias due to the retrospective design of the study?'. The OMERACT-OARSI
criteria to assess responders after THA include improvement in pain or function of at least 50% and absolute
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Figure 1. Patient position and skin incision of minimally invasive THA through an anterolateral approach in
the lateral decubitus position.
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Figure 2. Number of THAs performed by each surgeon (six senior surgeons and 13 trainees) during the period
of the study.

Intraoperative 0.4% (1/240) | 0.5% (4/768) | 0.84
femur fractures

Dislocation 0.0% (0/240) | 0.7% (5/768) | 0.21
Joint infection 0.8% (2/240) | 0.5% (4/768) | 0.58

Table 2. Complication rates between the trainee and senior THAs*. *For categorical data values are given as
relative and absolute frequencies.

change of at least 20 points. Alternatively, responders are also defined by fulfilment of two of the following crite-
ria: Improvement in pain of at least 20% and absolute change of at least 10 points, improvement in function of at
least 20% and absolute change of at least 10 points, or global improvement of at least 20% with absolute change
of at least 10 points®.

For statistical analysis, continuous data are presented as mean (standard deviation). Group comparisons were
performed by two-sided t-tests. Absolute and relative frequencies were given for categorical data and compared
between groups by chi-square tests. The primary hypothesis in the study was tested on 5% significance level. For
all secondary hypotheses, significance levels were adjusted according to Bonferroni*?. Multivariate logistic regres-
sion including age, gender, length of hospital stay, surgical experience, operative time, preoperative amount of
pain medication and preoperative EQ-5D was performed to search for risk factors associated with responder rate
within the first 12 months after THA. IBM SPSS Statistics 22 (SPSS Inc, Chicago, IL, USA) was used for analysis.

Results
Mean operative time for MIS cementless THA was nine minutes longer for trainees compared to senior surgeons
(78.1£25.4 min versus 69.3 & 23.8 min, p < 0.001, Fig. 2).

Complication rates in terms of intraoperative femur fractures (p = 0.84), postoperative dislocation (p =0.21)
and infection rates (p = 0.58) were comparable between the trainee and senior THA group (Table 2).
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Figure 3. Improvement of patient reported outcome measures (WOMAC, EQ-5D) within the first year after
THA in relation to surgical experience.

. mean | 0.54 0.88 37.70 83.60 37.02 | 87.58 38.33 80.73 37.82 82.77
Trainee SD 0.22 0.17 18.16 17.18 2024 | 1641 22.88 20.51 19.06 17.91

. mean | 0.57 0.89 40.34 85.25 39.42 | 89.21 40.97 81.25 40.54 84.55
Senior SD 0.22 0.15 16.83 15.84 19.28 | 15.19 22.45 19.92 18.07 16.71
p-value 0.06 0.17 0.04 0.17 0.10 0.16 0.12 0.73 0.05 0.16

Table 3. Western Ontario and McMaster Universities Arthritis Index (WOMAC) and Euro-Qol 5D-5L (EQ-
5D) by surgeon grade preoperative and 1 year after minimally invasive THA*. *For quantitative data values are
given as mean (SD = standard deviation), preop = preoperative, postop = postoperative.

Gender (male) 0.76 0.43-1.36 0.36
Age 0.99 0.96-1.01 0.31
ASA 113 0.74-1.75 0.57
Length of hospital stay 1.14 0.88-1.49 0.31
fggﬁig‘:g experience 167 | 090-3.11 0.11
Operative time 1.00 0.99-1.01 0.97
Pain medication preop 1.00 0.99-1.00 0.22
EQ-5D preop 0.09 0.02-0.45 0.003

Table 4. Multivariate analysis of risk factors associated with responder rate. HR = Hazard Ratio, CI = Confidence
Interval, preop = preoperative, ASA = American Society of Anaesthesiologists.

Patient reported outcome measures as assessed by WOMAC and EQ-5D showed excellent improvement
within the first year postoperatively independently of trainee or senior surgeon performance (Fig. 3). At one year
follow-up, we found no difference regarding WOMAC for MIS THAs operated by trainees (83.60+17.18) or
seniors (85.25+ 15.84, p=0.17). Correspondingly, EQ-5D values were similar between trainees (0.88 £0.17) and
senior surgeons (0.89+0.15, p=0.17) one year postoperatively. Analysing outcome measures subscores, again
one year results were comparable between trainee and senior THAs (Table 3).

The rate of responders as defined by the OMERACT-OARSI criteria?® within the first year after THA was
similar between the trainee group with 92.9% (223/240) and the senior surgeon group 95.2% (731/768, p=10.17).
Logistic regression analysis revealed and association between responder rate within the first year after MIS THA
and preoperative high EQ-5D values (HR 0.09, 95%CI 0.02-0.45, p = 0.003), whereas surgical experience had no
impact on outcome (Table 4).
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Discussion

THA is one of the most performed but also increasingly costly operations within orthopaedic surgery world-
wide?. In joint replacement, there is a learning curve and urgent need for educational and supervised operations
for young surgeons®*-%¢. Despite the increasing socioeconomic burdens in orthopaedic surgery, the training of
young generations of surgeons remains crucial. Nowadays MIS techniques and surgical approaches have become
more prevalent in THA!2. We hypothesized that THAs performed by trainees would (1) consume more operative
time (2) include higher complication rates and (3) produce worse outcome within the first year after MIS THA
using an anterolateral approach compared to senior surgeons. Operative time for trainees was in general 9 min-
utes longer compared to senior surgeons. In contrast, all other hypotheses were not supported by our study.

There are several limitations of this study. First, the study design is a retrospective analysis. Due to the lack of
randomization, trainees might have operated on easier cases compared to senior surgeons. Therefore, the results
are susceptible to potential bias. To minimize potential selection bias we chose patient characteristics independ-
ent dichotomization for responders. Using non-cohort dependent benchmarks should maximize generalizabil-
ity. Second, the current study is restricted to the information provided by the institutional joint registry. Other
parameters such as the patient’s psychological or social status might have an impact on the patient specific out-
come as well. Third, for the current analysis only short-term outcome data for the first 12 months were available.
It would have been of interest to include long-term outcome and failure rates. A strength of the study is the fact
that all data refer to one single University Medical Centre reflecting one specific operative as well as postoperative
workflow. Similarly, components of a single THA manufacturer were used. All this contributes to minimizing
confounding factors. Therefore, any results with regard to surgical experience is not due to surgical approach,
intra- or postoperative treatment or the prosthetic component.

In answer to the first question of the study, the mean operative time for MIS THA was 9 minutes longer for
trainees compared to senior surgeons. This is in accordance with literature reporting a prolonged operative time
due to surgical training”>* 2”2, In abdominal surgery resident involvement in laparoscopic appendectomy was
related with an extension in surgical time of 14 minutes?’. A previous study about training in THA showed a dif-
ference of 19 minutes between THAs performed by trainees (104 min) and trainers (85 min). This study included
cemented and uncemented acetabular components using either a posterior or anterolateral approach?. In a dif-
ferent study an increase of 16 minutes (108 min versus 92 min) was observed for THAs by residents. The data were
obtained from a database including information from different hospitals using different prosthetic designs and
approaches’. Another study revealed a prolonged operative time of 11.5 (72.5 min versus 61.0 min) minutes for
THA under teaching service compared to private service*!. The authors qualified their results since parts of the
difference in operative time might have been due to the difference of surgical technique with a higher rate of screw
fixation of the cup in the teaching assistance group. Furthermore, this study assessed the participation of trainees
in the operative procedure in general. This makes it hard to quantify how much of the THA was performed by
the trainee and how much by the senior surgeon. We eliminated this variable by focusing on THAs entirely per-
formed by trainees under supervision of a senior surgeon. From an economic point of view, a prolonged operative
time of 9 minutes means higher financial expense for the hospital. In our cohort, according to the calculation of
the administration the 230 trainee THAs resulted in an additional estimated expense of 33.000 $. An increase in
perioperative resource consumption for teaching in total joint replacement of up to 22% has been reported in
literature?. Therefore, teaching hospitals will need to seek for financial compensation from health care systems in
order to train the next generation of surgeons.

In terms of our secondary outcome parameters, it was observed that the postoperative complications rates
within one year of THA were low when compared with the literature®. There were no considerable differences
between the trainee and senior surgeon group when compared the postoperative complication rates after THA.
This finding is perfectly in accordance with the literature which describes that the resident involvement does
not increase complication rates within the first 30 days after THA®. In contrast to our own results, a previous
study observed a twofold increased risk of dislocation for THA performed by trainee surgeons. In this analysis,
however, a posterior approach was used by unexperienced surgeons’. A different study focusing on the training
in THA showed that the overall dislocation rate between the teaching service and the private practice was com-
parable until last follow up. It was reported that postoperative dislocation occurred in 8% of hips (10/119) in the
teaching service and 6% (7/111) in the private practice. In addition, it was described that the mean follow-up time
for the teaching service and the private practice was 59 months and 39 months, respectively. The head diameter
in this study was mainly 28 mm limiting the comparability to our analysis®*. More recently, a study reported that
the long-term dislocation rate (ten years after THA) was 3.0% and this was not associated with experience of the
surgeons. However, two different approaches were used in this study - (a) anterolateral, and (b) posterior. In addi-
tion, the study reported that a total of 1.5% of the patients developed deep wound infections within the period of
ten years after THAS. In our study, the overall infection rate after one year of THA was 0.6%.

With the numbers available patient reported outcome measures as assessed by WOMAC and EQ-5D did not
differ between the trainee and senior surgeon group. Both groups showed excellent improvement within the first
year. The results are similar to previous published one-year results after THA® 2*. Accordingly, responders as
defined by the OMERACT-OARSI criteria® were not significantly different in relation to the surgical experience
with a responder rate of over 90% in both groups. A multivariate analysis confirmed no association between
responder rate and surgical intervention by trainees. Solely, high preoperative patient reported outcome meas-
ures correlated with nonresponders one year after THA. Similarly, other parameters such as operative time and
length of hospital stay showed no correlation with the rate of responders after MIS THA. The results of the current
analysis are in line with previous studies reporting patients with higher preoperative pain and better preoperative
function are at high risk of worse outcome after joint replacement®-*!. The association of better preoperative
range of motion and worse postoperative function was confirmed in gait analysis. Nonresponders one year after
THA showed a 26% higher range of motion preoperatively than responders®. In contrast to previous published
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studies®” 3% 33, patient age was not predictive for outcome in our analysis. Other parameters reported in literature
to be associated with THA nonresponse such as educational level** **, comorbidities®” *! % and preoperative
expectations®” 3¢ were not available for the current study.

In conclusion, additional time is required to train the new orthopaedic generation in MIS THA. Therefore,
training in MIS THA might be of economic relevance. The results from our study help to reduce the concerns
that training in MIS THA might be automatically associated with worse outcome or higher complication rates
within the first year postoperatively. Therefore, MIS THA under supervision seems to be a safe procedure during
the learning curve of young surgeons
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