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Abstract
Background: Different clinicians use heart rate tests to answer different questions. The medical doctor for
example might use heart rate to diagnose a medical condition. One approach in chiropractic practice is to
use heart rate information to assess the health of the autonomic nervous system. This retrospective case
study uses outlier analysis for resting heart rate (HR) and resting heart rate variability (HRV) to assess the
neurological efficacy of a single spinal adjustment for an individual patient.The purpose of the study is to
show how basic statistical analysis can be used to assess neurological efficacy of a chiropractic adjustment
on an individual patient basis.
Methods: HR and HRV were measured twice before the spinal adjustment, then once immediately
following the adjustment and another measurement 2 weeks later. The four readings for each measure (HR
and HRV) were analyzed using the inter-quartile method of outlier detection.
Results: The immediate post-adjustment findings for both measures remained essentially unchanged
compared to the two pre-adjustment readings. However, the follow-up visit showed substantial improvement
for both measures to the extent that they were shown to be statistical outliers.
Conclusion: This patient experienced statistically unusual autonomic improvement following a spinal
adjustment according to HR and HRV, though the improvement was not measurable until 2 weeks later.
Further study in other patients is planned.
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Introduction

the individual patient if statistical assumptions are not violated.
Different clinicians use heart rate information to answer dif- The benefit of such application is that the statistical results
ferent questions. The medical doctor for example might use instantly pertain to that patient.
heart rate data to determine the presence of a heart condition.
The present case study statistically analyzes HR and HRV
The traditional objective of chiropractic care is to improve before versus after a single spinal adjustment for an individual
neurological function by adjusting chiropractic subluxation patient. Both of these measures (HR and HRV) are a good fit
[1,2]. In concept, a chiropractic subluxation is a slight verte- for the neurologically-focused chiropractic practice since they:
bral misalignment that disturbs nearby nerves. A restored a) are neurologically-based [4,5] and b) have patient-centered
autonomic nervous system helps patients heal themselves outcomes research support (e.g., patients with healthier HR
of what ails them. Evidence-based methods such as resting and HRV tend to live longer than counterparts who have less
heart rate variability (HRV) and resting heart rate (HR) help healthy HR and HRV) [5,6]. Additionally, there is emerging
document whether neurological (autonomic) improvement evidence that these measures tend to improve following
has been accomplished [3].
chiropractic care [7-9].
Statistical analysis is typically used to compare groups of
The purpose of the study is to show how basic statistical
patients rather than an individual patient’s pre-post findings. analysis can be applied to the autonomic assessments of HR
However, statistical analysis may be appropriate at the level of and HRV to determine whether autonomic change following
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spinal adjustment is statistically unusual.

Methods

An adult male patient from the author’s chiropractic practice
signed an informed consent form for this retrospective case
study. In addition, the study was declared Exempt by the
Institutional Review Board at Purdue University Global.
In early 2019 the patient consulted the author for acute
hip pain. Routine spinal exam was performed to determine
if the patient had a spinal subluxation, conceptually defined
as a slight misalignment that disturbs nerve function. The
operational definition of subluxation in the study was based
on the exam procedures at Hart Chiropractic that included:
a) neurological assessment using HR and HRV and b) spinal
alignment assessment using palpation. The neurological
assessments were used for determining when to adjust; the
location for adjustment was based on the author’s upper
cervical spine focus.
For HRV, the time domain measure of root mean square of
successive differences between heart beats (rMSSD), measured in milliseconds (ms) was used. The terms rMSSD and HRV
are used interchangeably in this paper. HR was measured in
beats per minute (BPM).
Both measures (HR and HRV) were recorded using the
Heart Rate Variability Logger app [10] in conjunction with
the Kyto ear clip sensor [11] (Figure 1). The sensor sends a
Bluetooth signal to the smartphone app and the set-up has
good agreement with standard ECG technology [11,12]. Both
measures (HR and HRV) were recorded simultaneously for 1
minute each recording session with the patient in the seated
position after a seated rest period of at least 5 minutes.

doi: 10.7243/2052-6946-7-1
in lifestyle or medication were made between the two visits.
Normative data indicate that average HR for healthy adult
males is approximately 70 BPM [13] though lower than this is
of course neurologically healthier. For HRV, a healthy rMSSD
value for adults is minimally, approximately 25 ms [14,15]. In
other words, a lower HR is neurologically healthier than a higher
HR, while a higher HRV is neurologically healthier than a lower
HRV. A low HR indicates an autonomic nervous system that is
less stressed (more parasympathetic and/or less sympathetic
influenced) compared to higher HR. A higher HRV indicates
an autonomic nervous system that is more adaptive - to the
continuous changes occurring internally, even at rest.

Statistical analysis

To determine whether any pre-post improvement could be
considered statistically unusual, the four readings (three from
Visit 1+ one from Visit 2) were analyzed in Excel by the author
using the inter-quartile method of outlier detection [16]. The
method used the conventional factor of 1.5 for identifying
potential moderate outliers, multiplying it by the interquartile
range (IQR) to obtain the fence limits:
Lower fence = Quartile 1 – (1.5 * IQR)
Upper fence = Quartile 3 + (1.5 * IQR)
Observed values outside the fences are considered outliers
(statistically unusual findings).

Results

Visit 1
Pre-adjustment 1

HR was 85.6 BPM and HRV was 19.0 ms (Figure 2) both of which

Figure 1. Set-up for ear clip sensor.

The study included two visits with one spinal adjustment
- occurring on Visit 1. The recording for HR and HRV was
performed: a) two times before the adjustment to establish
a baseline; b) once approximately 5 minutes after the adjustment on this same visit (Visit 1); and c) once on the follow-up
visit two weeks later (Visit 2). Both visits occurred during the
same hour of the day and according to the patient no changes

Figure 2. Visit 1, app screenshot for
pre-adjustment reading #1.
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were considered neurologically unhealthy. In the screenshots,
more bumpiness indicates more variability, substantiated by
the numerical HRV value.

Pre-adjustment 2

HR was 85.2 BPM and HRV was 19.1 ms (Figure 3), both of which
are essentially the same as the pre 1 results and established a
baseline of neurological disturbance. This disturbance along
with a palpated misalignment of atlas (C1) vertebra led to a
diagnosis of atlas subluxation.
The subluxation was adjusted by the author with a percussion type instrument while the patient remained seated
(set-up example shown in Figure 4).

Post-adjustment

Approximately 5 minutes following the adjustment, HR was
85.2 BPM and HRV was 20.9 ms (Figure 5), still essentially the
same as both pre-adjustment readings for both measures. This
indicated that neurological benefit was either not achieved
or not yet measurable due to the body still processing the
adjustment.

Figure 4. Author setting-up for atlas adjustment
on a colleague posing as a patient with
permission.

Visit 2 (15 days later)

The patient’s hip symptom improved between visits. However,
he was now having new symptoms - in the neck and low back
areas, that began approximately two days prior to this visit
(Visit 2). HR decreased (improved) by approximately 20 beats
to 66.5 BPM and HRV increased (improved) by about 15 ms
to 35.9 ms (Figure 6). Both improvements were large enough
to be detected as outliers (Figures 7-8, Table 1).

Figure 5. Visit 1, app screenshot for postadjustment reading.

Consequently, no adjustment was indicated this visit because
of the autonomic improvement.

Discussion

Figure 3. Visit 1, app screenshot for
pre-adjustment reading #2.

The immediate post-adjustment reading on Visit 1 were essentially unchanged compared to that visit’s pre-adjustment
readings for both HR and HRV. However, the follow-up visit
(Visit 2, 15 days later) did show a change in the form of improved HR and HRV. Moreover, these improvements were
large enough to be detected as outliers.
It was theorized on Visit 2 that the neck and low back symptoms were part of an internal realignment process, particularly
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when the neurological findings had substantially improved.
Adjustment was not given on Visit 2 due to the improved
autonomic indicators of HR and HRV. Yes, the patient was
having what could be called “chiropractic symptoms” but the
risk of intervention when not neurologically indicated could
adversely affect autonomic health [17]. This risk was considered,
and the author opted to avoid the risk. A few months after
Visit 2, the patient sent an unsolicited message to the author
stating he was having no pain and “doing so well.”

Limitations

Figure 6. Visit 2 app screenshot.

Figure 7. Resting Heart Rate.

It could be theorized that the resolution of the initial symptom
on Visit 2 might be responsible for the improved HR and HRV.
However, on that visit (Visit 2) the patient was still having pain,
just in different locations.
In a similar case study on another patient by this author,
HRV improvement was detectable on the same visit as the
adjustment [18]. That study, considered along with the present study suggests, unsurprisingly that different patients
may show improvements at different times following their
adjustment. In the other study [18] the outlier was detected
using Grubbs test, which requires a normal distribution. Data
in the present study showed marked departures from normal
distribution according to normal probability plot assessment
(for both HR and HRV). Consequently, the inter-quartile method,
which does not strictly require a normal distribution [19], was
considered appropriate for data in the present study.
Other limitations include those that typically accompany
observational studies such as this, e.g., limited generalizability.
Although no claim of cause-and-effect can be made in case
studies, the improved findings 2 weeks after the adjustment
do appear to be related to the adjustment because: a) the
rather strong baseline showing neurological disturbance
was followed by marked improvement, though 2 weeks later;
and b) no other life style changes were made by the patient
between the visits.

Conclusion

Figure 8. Heart Rate Variability.

This study provides an example of how basic statistics can be
applied to the level of the individual patient for determining
whether autonomic change following a spinal adjustment
is statistically unusual. In this case, the patient experienced
substantial neurological improvement approximately 2 weeks
following spinal adjustment, evidenced by outlier analysis
of autonomic assessments. Further study in other patients
is planned.
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