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ABSTRACT

Objective: Performing surgical procedures can increase the physiological stress and mental strain experienced by practicing
surgeons. This may affect negatively work capacity and quality of patient care by increasing the incidence of burnout, sleep
disorders, fatigue and substance abuse. The purpose of this pilot case study was to track physiological and psychological responses
to clinical duties in an expert arthroplasty orthopaedic surgeon.
Methods: Heart rate (HR), breathing rate, heart rate variability (HRV) and anxiety ratings were observed in an expert orthopaedic
surgeon using a wearable Equivital EQO2 physiological monitor and the state-trait anxiety inventory (STAI), respectively. Data
was recorded for 8 surgery, 1 clinic and 1 rest day. Physiological data was recorded for 6-8 hours/day.
Results: The surgeon spent significantly more time with elevated HRs on surgery days versus either clinic or rest days (10%
of the day over 100 bpm). This was not the case for respiratory rate. STAI responses were significantly greater pre versus post
surgery and at baseline. Psychological and physiological markers of stress were elevated prior to each surgery regardless of
surgery type and task. Notably, the HR never returned to baseline on surgery days.
Discussion: This study provides a baseline on which to compare procedural and trainee differences during surgical procedures.
Expert surgeons may demonstrate elevated stress levels on days of surgery, as indicated by self-reported anxiety scores as well as
physiologic measures. Understanding the stress and anxiety present may direct interventions that enable improved surgeon health,
surgical performance, and an improved learning environment.
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1. INTRODUCTION

Any challenge, real or perceived, to physiological homeosta-
sis causes stress and counter-regulatory responses. These
responses are mutli-functional and may include molecular,
physiological, cognitive and/or behavioral changes. Nonethe-
less, the body is always under a certain amount of stress

as physiological homeostasis is maintained under changing
internal and external environments. Elevated stress improves
physical and mental performance in a variety of activities,
however, this occurs only up to a point after which perfor-
mance declines and health is negatively affected.[1]

The surgeon, surgical team, and surgical trainees are exposed
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to physical and mental stress during surgery. The cumulative
effect of this stress can affect not only tolerable work capac-
ity by increasing the incidence of burnout,[2] but may also
result in the deterioration of the quality of patient care.[2]

The efficiency, efficacy, and the surgeon’s skill levels may be
negatively affected if the surgeon or other members of the
operative team are experiencing elevated stress.[3] Moreover,
the learning environment may be deteriorated, impeding the
surgical trainees’ ability to acquire new skills.[4]

Unfortunately, medical and surgical training are not immune
to excessive stress. A large study examined burnout in an
internal medicine residency group, regardless of whether res-
idents met the criteria for burnout or not.[5] The participants
in this study most often rated inadequate sleep, frequently
working shifts longer than 24 hours and inadequate leisure
time as major stresses. These stresses could result from
or could cause higher incidences of physiological stress or
potentiate experienced stresses. For example, acute sleep
deprivation is associated with impaired autonomic regula-
tion of the heart.[6] Work stress, shift work, and length of
shift are associated with reduced cardiovascular and men-
tal health.[7, 8] Inadequate leisure time leads individuals to
exercise less and have less family time.[9] Moreover, resi-
dents exhibit poor dietary practices during residency,[10] that
would undoubtedly be a part of an increase in the likelihood
of reduced health outcomes, poor performance, and reduced
patient care.[11] These events are not limited to residents, but
may be common in practicing surgeons as well. For exam-
ple, in a population of surgeons, burnout has been reported
as high as 40% in a large (> 7,000 individuals) sample of
American surgeons.[11]

The perception of fatigue tends to correlate well with actual
physical fatigue.[12] Moreover, physical stress is associated
with increases in HR, breathing rate and body temperature.
HR variability (HRV) has been demonstrated to be one of
the best methods for autonomic stress assessment.[13] HRV
can be calculated using frequency domain analysis of the
beat-to-beat variation in HR. Within the frequency domain
analysis, low frequency (LF) component is associated with
sympathetic and vagal modulation of the heart while the high
frequency (HF) component is representative of vagal mod-
ulation of the heart. Consequently, the ratio of low to high
frequencies (LF/HF Ratio) is representative of the balance
between sympathetic and vagal activity. A higher ratio rep-
resents a predominant sympathetic response, and therefore
a period of higher stress while a lower ratio represents a
predominantly parasympathetic response. Measuring HRV
provides greater sensitivity than measuring HR alone, as an
elevated HR alone may be due to physical exertion in the ab-
sence of other types of stress (e.g. anxiety).[13] This type of

observation has been used in sports training in order to iden-
tify stressors and optimize the athlete’s training and overall
performance.[14] However, few studies have analyzed actual
physiological responses during surgical practice,[4, 15–17] and
what factors may modify (i.e. attenuate) these responses.
Consequently, the goal of this study was to track physiolog-
ical and psychological responses to common hip and knee
surgeries, as well as during clinic and rest days in an expert
orthopaedic surgeon.

2. MATERIAL AND METHODS
Consent was obtained from an expert surgeon from a single
institution, the participant was fully explained the methods
to be used throughout the study. An independent research as-
sistant, who is not one of the main investigators, collected all
data. All procedures received institutional human research
ethics clearance from the institutions involved in the study.

The participant completed the State-Trait Anxiety Question-
naire (state-trait anxiety inventory [STAI], Y1 and Y2) at the
beginning of the study. The STAI is a validated tool used
to measure the subjective level of state (i.e. how anxious
a subject is in the present situation) and trait (i.e. the ten-
dency to perceive a given situation as stressful) anxiety.[18]

It consists of 40 questions (20 question for state and 20 ques-
tions for trait anxiety) that measure self-reported scales of
feelings of apprehension, tension, nervousness, and worry.
Higher scores in this test indicate higher levels of anxiety
as a stable trait (STAI-Y1) or acutely (STAI-Y2). The test
was administered to the participant on day 1 of the study,
which was a non-surgical day as well as at the commence-
ment of the other 24-hour non-surgical work days in order
to establish anxiety-stress levels experienced. On surgery
work days, the participant was administered the STAI-Y2
(state) questionnaire at the beginning of the day prior to surg-
eries, immediately prior to each surgery and after individual
surgeries were completed.

The participant was also instructed to wear an Equivital
EQO2 HRV holter monitor (Vivonoetics, San Diego, Cali-
fornia) for 6-8 hours on non-surgery workdays, on surgery
workdays for the entirety of the respective workdays and for
6-8 hours during the rest day. Physiological data collected
by the device included electrocardiogram (EKG), respiratory
rate using strain gauge technology, infrared skin tempera-
ture. All data was sent electronically to the investigators for
analysis of the data and calculation of HR and HRV using
VivoSense R© Software (Vivonoetics, San Diego, California).
For each surgery for which data was collected, analysis was
performed starting 10 minutes prior to the start of the surgery
(Pre-operative period) up to 10 minutes following that proce-
dure (Post-operative period). The results of the STAI ques-
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tionnaires allowed for comparisons with the data acquired
via the HR monitor, to determine whether perceived stress
correlates with physiological changes.

Given that we observed the data for a single individual, sim-
ple correlation analysis was made between the data collected
from the questionnaire and the physiological responses noted
with the monitoring.

3. RESULTS
One expert orthopaedic surgeon specialized in adult hip and
knee reconstruction with 3 years of practice working at a
single teaching hospital facility was included in the study.
Data was collected for a total of 10 days, including 8 surgery
days, 1 clinic day and 1 “off”/rest day. A total of 22 surgeries
were performed during that period, including fifteen total hip
arthroplasty (THA) and seven total knee arthroplasty (TKA).

Figure 1. Mean heart rate recorded in (a) Primary THA
(pTHA) and (b) Revision THA (rTHA) (OR data shown
with solid line)

Mean HR was 66 beats per minute (bpm) during the rest
day and 71 bpm during clinic day. The HR during surgery
days was elevated throughout the day regardless of the pe-
riod measured (see Figures 1 and 2) HR was higher during
the perioperative and intraoperative period performing THA
compared to TKA. Before THA and TKA, the mean HR was
77 bpm and 75 bpm respectively. Mean HR increased to 87
bpm (SD 6.6 bpm) during THA and to 76.5 bpm (SD 4.2
bpm) during TKA. The HR post-operatively never reached

the pre-operative levels after THA (mean 82 bpm, SD
5.0 bpm), but did after TKA (mean 75 bpm, SD 2.4 bpm).

Skin temperature was similar during the rest day and clinic
days. During surgery days, it was 1 degree higher than the
other days throughout the day. No differences were noted
when comparing between the different type of surgeries per-
formed.

Figure 2. Mean heart rate recorded in (a) Primary TKA
(pTKA) and (b) Revision TKA (rTKA) (OR data shown
with solid line)

Respiratory rate was elevated on surgery days compared to
the rest (17 breaths per minute) and clinic day (15.3 breaths
per minutes). Respiratory rate was increased before starting
any procedure (Mean THA 22.5 breaths per minute, SD 4.3
- Mean TKA 19.9 breaths per minute, SD 2.6). It remained
elevated but at slightly lower levels during THA (Mean 20.2
breaths per minute, SD 2.2), however reached similar levels
to rest days during TKA (Mean 17.4 breaths per minute, SD
2.8). In the immediate postoperative period, the respiratory
rate remained at the same levels as intraoperative in both
THA (Mean 21.5 breaths per min, SD 4.5) and TKA (Mean
17.9 breaths per min, SD 0.1).

HRV was measured as a ratio of LF/HF. Results are seen in
Figures 3 and 4. This ratio was slightly increased before any
procedure, affected more before THA (mean LF/HF 4.39,
SD 4.05) than in TKA (mean LF/HF 2.20, SD 1.62). It was
even higher during and after any procedure. During a THA,
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the LF/HF reaches a mean of 7.30 (SD 3.75) and remains
high after the procedure to a mean of 6.80 (SD 4.45). Sim-
ilarly, during a TKA, the LF/HF ratio increased to a lesser
level than the other procedure reaching a mean 5.09 (SD
2.46) intraoperatively and mean of 4.46 (SD 2.90) after the
procedure.

Figure 3. HRV recorded in (a) Primary THA and (b)
Revision THA (OR data shown with solid line)

Evaluating the responses to the STAI questionnaire before
and after any procedure, average score was consistently
higher preoperatively than postoperatively. Before THA,
the STAI questionnaire score has a mean of 32.9 compare to
22.1 after the procedure. When performing TKA, the STAI
questionnaire score reaches a mean of 30.5 preoperatively
compare to 20 postoperatively. There was no correlation
noted between the STAI scores and physiological responses
like HR (R2 = 0.15683) or HRV (R2 = 0.11333).

4. DISCUSSION
The aim of this study was to track physiological and psycho-
logical responses to common hip and knee surgeries, as well
as during clinic and “off” days in an expert orthopaedic sur-
geon. Similar pilot studies have been done in other surgical
specialties.[18, 19] However, this study is the first involving
common orthopaedic surgery procedures and physiologi-
cal responses, since only questionnaire-based studies have

been done in this field.[20] Common orthopaedic surgical
procedures are unique since they are much more physically
demanding than other type of surgeries. The physicality of
these surgeries adds to the physiological responses experi-
enced by the surgeon to the stressors surrounding the surgery
itself. This makes it even more important to use HRV as our
measurement tool to perform such analysis.

Figure 4. HRV recorded in (a) Primary TKA and (b)
Revision TKA (OR data shown with solid line)

Physiological responses tended to be different between the
type of procedures performed. Specifically, they were higher
during THA compared to TKA. Multiple factors could poten-
tially explain such results. First, this could be related to the
increased physical stress experienced during the procedure.
Second, the complexity of the procedure might differ be-
tween the THA and the TKA for the sample of operations for
which data was collected. Third, the surgeon participating in
this pilot study performed anterior approach THA at the time
of data collection. The surgeon was the only surgeon per-
forming the THA using this approach at our institution at that
time. Therefore, the surgeon might have experienced higher
stress levels during THA, as other members of the surgi-
cal team (nurses and trainees) were relatively inexperienced
with this surgical technique. Future study with multiple sur-
geons performing a variety of surgical techniques will help
to further explore these issues.
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Moreover, this study clearly shows that despite the mini-
mal amount of physical activity happening in the immediate
preoperative period, the physiological responses during that
period are higher than rest days or clinic days. When com-
bined with the increased scores in the STAI questionnaires
during the same period, we understand that a surgeon has
an increased level of stress during the surgery days. This
relates probably to surgeon related psychological stresses of
patient safety, self-imposed demands, and high achievement
standards.

The STAI questionnaire has been previously used in the lit-
erature to evaluate stress levels in surgeons.[3, 21] However,
no studies before correlated STAI scores with physiological
responses. It is difficult to establish such correlation in our
limited observations. However, we were able to observe a
tendency towards increased physiological responses in the
postoperative period in contrast to STAI scores that were
similar to the rest day scores during that same postoperative
timeframe. This could indicate that most of the physiological
response observed in the postoperative period is related to
physical strain recovery rather than response to stressors.

The limitations of this study are as follows. First, it is dif-
ficult to differentiate between physical and mental stress
during surgery given the physical nature of the tasks and the
inability to get subjective ratings of stress. Second, noise
in the EKG tracing collected might have interfered with the
results obtained. We anticipate this effect would be small
as the Vivosense software uses automatic filters to diminish
the effect of the noise on the collected data as much as possi-
ble. Third, the results obtained from the STAI questionnaires
could have been biased since filling these questionnaires on
multiple times during a same day could lead to acute repeti-
tion of data by the participant and, therefore, might influence

the results obtained.

The results of this study show the feasibility in detecting
physiological levels of stress in orthopaedic surgeons in their
everyday work related activities. This study will be used
as the basis to a larger scale study including multiple sur-
geons, trainees during those surgeries using different types
of approaches and other orthopaedic procedures. As com-
petency based training models are becoming increasingly
implemented, evaluating different stressors surrounding the
surgical training will eventually lead to improvements in the
learning environment for the surgical trainees, and lead to
more efficient and healthier training. Of particular impor-
tance will be correlating the timing of stress (i.e. at what
surgical step) for surgeons and surgical trainees to under-
stand if different interventions may be required at different
times of a given procedure.

5. CONCLUSIONS

In conclusion, this pilot study demonstrates that an estab-
lished surgeon experiences increased physiologic stress and
psychologic stress on days that surgery is performed. Sur-
geons experience much lower stress and anxiety on leisure
days and days spent in clinic with outpatients. It is notable
that different levels of stress are encountered in different
types of procedures. Further investigation to evaluate and
identify stressors in the hospital setting, identify their effect
on learning and practice, and to provide interventions to opti-
mize the environment for both the surgeon as well as other
members of the health care provider team and trainees is
required.
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