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Lessons learned from cases of rib fractures after
manual therapy: a case series to increase patient
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Objective: To identify commonalities among cases of
rib fractures after spinal manipulative therapy (SMT);
discuss chiropractors’ case management perspectives;
and propose strategies for prevention and/or
management of future cases.

Methods: Semi-structured interviews were conducted
with chiropractors who identified cases of rib fractures

after SMT at a chiropractic institution’s teaching clinics.

Patient characteristics, incident characteristics, and

chiropractors’ perspectives were collected and analysed.

Results: Three chiropractors were interviewed, each
identifying one case. Patient ages ranged from 57-
77; two were female; two had osteopenia, two cases
involved thoracic SMT; and one involved lumbar SMT.
Chiropractors agreed that verifying and updating
potential contributing factors for rib fractures,

Objectif : Etablir les points communs entre des cas de
fractures des cotes apres des manipulations vertébrales
(MV); examiner des points de vue de chiropraticiens sur
la prise en charge de cas, proposer des stratégies de
prévention et/ou de prise en charge des cas a venir.
Meéthodologie : On a fait des entrevues semi-structurées
avec des chiropraticiens travaillant a la clinique d’un
établissement d’enseignement de la chiropratique
et ayant identifié des cas de fractures de cétes
apres des MV. Les caractéristiques des patients, les
caractéristiques des incidents et les points de vue des
chiropraticiens ont été recueillis et analysés.

Résultats : Trois chiropraticiens ont été interrogés,
chacun ayant identifié un cas. Les patients étaient
agés de 57 a 77 ans, deux étaient de sexe féminin; deux
souffraient d’ostéopénie; deux cas avaient été traités par
manipulations thoraciques et un cas par manipulations
lombaires. Les chiropraticiens ont convenu qu’il était
important de vérifier et de mettre a jour les facteurs
contributoires potentiels de fractures des cotes,
d’informer le patient, en toute transparence, avant
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transparent communication prior to SMT and/or after
the adverse event (AE) occurrence, and enhancing
student education on AE management were important.

Conclusion: Important lessons can be learned from
AEs, despite their infrequent occurrences. A more open
and constructive patient safety environment is needed
within the chiropractic profession.

(JCCA. 2020;64(1):7-15)

KEY WORDS: adverse events, chiropractic, patient
safety, quality improvement, spinal manipulative therapy

d’effectuer des MV et apres la survenue d’un événement
(El) et d’améliorer la formation des étudiants sur la
prise en charge des El

Conclusion : Les EI, bien qu’ils soient rares, peuvent
nous permettent de tirer d’importantes lecons. Une
attitude plus ouverte et plus constructive envers la
sécurité du patient s’ impose chez les chiropraticiens.

(JCCA. 2020;64(1):7-15)
MOTs CLES : événements indésirables, chiropratique,

sécurité du patient, amélioration de la qualité,
manipulation vertébrale

Introduction

Patient safety continues to be a leading global health care
challenge.'? The World Health Organization (WHO) de-
fines patient safety as the absence of preventable harm to
a patient during the process of health care® and prioritises
the safety of every patient in order to provide high quality
health services?.

The Institute of Medicine’s report “To Err is Human:
Building a Safer Health System” and the Government
of Canada’s “Building a Safer System: A National Inte-
grated Strategy for Improving Patient Safety in Canadian
Health Care have emphasised the importance of creat-
ing an open and constructive patient safety environment
in order to develop strategies to reduce preventable ad-
verse events (AEs). It promotes shifting from a blaming
culture to a safety culture that learns from AEs, in order
to maximise the potential to avoid future AEs.® While
strategies for prevention and improving the quality and
safety of health care delivery have been shown to im-
prove patient safety in hospital settings’ and in family
physician practices®?, little has been reported within the
chiropractic profession.

Manual therapy, which includes spinal manipulative
therapy (SMT), is used by various health care provid-
ers, including chiropractors. Spinal manipulative therapy
is commonly used to treat several musculoskeletal con-
ditions and has been recommended by clinical practice
guidelines for the management of spinal pain.'*!* It is es-
timated that up to 50% of patients who receive manual
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therapy experience some form of AE.">'7 Although most
AEs experienced after manual therapy are mild and tran-
sient'®, some AEs may have a greater impact on a patient’s
well-being, function, and quality of life'®.

Rib fractures are often identified as a risk to SMT treat-
ment on clinical consent forms'®; however, to our know-
ledge, there are limited reports of rib fractures following
SMT within the scientific literature. Although most rib
fractures are generally benign, heal on their own, and can
be managed with conservative therapy, there is the po-
tential risk of serious complications, such as hemothorax
or pneumothorax, that can have a substantial impact on
patients’ morbidity and mortality.*® Since SMT has been
clinically perceived as a risk for rib fractures, it is import-
ant to explore the occurrences of rib fractures after SMT
in more detail. By better understanding the characteristics
of the rib fractures after SMT, prevention and mitigation
strategies can potentially be developed to increase the
safety of this popular intervention.

Therefore, the objectives of this study were to: (1)
identify commonalities among cases of rib fractures af-
ter SMT; (2) discuss chiropractors’ perspectives in case
management; and (3) propose strategies for prevention
and/or mitigation of future cases. Specifically, our case
series will provide an overview of cases of rib fractures
after SMT and propose prevention and mitigation strat-
egies. This can contribute to the development of strategies
to reduce the occurrences of rib fractures after SMT, con-
tributing to enhancing SMT safety.
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Methods

This study was a case series involving supervising chiro-
practors at the teaching clinics of a chiropractic institu-
tion, exploring their experiences and perspectives gained
from cases of rib fractures observed after SMT.

Participants

All chiropractors involved in a supervisory role at the
Canadian Memorial Chiropractic College (CMCC) teach-
ing clinics were invited to identify eligible cases and to
participate in this study. Supervising chiropractors at clin-
ics located within the institution as well as those located
at externally hosted institutions were invited to partici-
pate. Cases were eligible for this study if the following
inclusion criteria were met: the supervising chiropractor
volunteered to participate in the study; SMT was pro-
vided at the teaching clinic at the time of the rib fracture
diagnosis; diagnostic imaging (based on a radiologist’s
report) was used to confirm the diagnosis of a rib fracture;
and cases occurred within the last seven years. All partici-
pating chiropractors signed a written informed consent.
All patients of CMCC'’s teaching clinics provided written
informed consent for the use of their information for re-
search purposes. This study was approved by the research
ethics board at CMCC (1905B01).

Data collection

Participating chiropractors who volunteered to participate
in the study were asked to review the electronic medical
record (EMR) (IndiviCare, Indivica Inc., Toronto, Can-
ada) of the patient they identified as having experienced a
diagnosed rib fracture following SMT. A pre-defined stan-
dardised data collection form was used to collect data on
patient characteristics and incident characteristics. Vari-
ables included in the data collection form were consistent
with variables used in a previous study investigating AEs
following SMT (SafetyNET)*' and variables used in frac-
ture risk prediction tools*. Specifically, variables related
to patient characteristics included: patient demographics
(including age, sex, weight, body mass index, bone min-
eral density, physical activity level, co-morbidities, use
of medications and supplements, and potential red flags
for fractures), and the diagnosis for which the patient was
receiving chiropractic treatment for. Variables on incident
characteristics included: 1) plan of management (includ-
ing type and location of SMT, frequency and duration of
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care, other treatment modalities); 2) details of the rib frac-
ture (including imaging modality and results, level and
location of fracture, time to onset of symptoms, time to
diagnosis on imaging, and patient description of event);
and 3) rib fracture resolution (including healing time,
complications, and return to treatment).

After case review and completion of the standardised
data collection form, semi-structured interviews were
then conducted with the participating chiropractors. The
principal investigator followed a list of pre-determined
open-ended questions which included questions on the
chiropractors’ perceptions of potential contributing fac-
tors, their suggestions for prevention of future cases,
recommendation/advice to their colleagues, and how the
event may have changed their practice. Data on patient
and incident characteristics that were previously identified
through the data collection form were used to enhance the
interview and allow for further details and discussion. The
semi-structured interviews were conducted in person by
the principal investigator in a quiet room at the chiroprac-
tors’ offices and lasted approximately 30 to 60 minutes.
Details of the interviews were recorded with written notes.

Data analysis

Information from the standardised data collection forms
and semi-structured interviews were transferred to a
spreadsheet on Microsoft Excel (Microsoft, Redmond,
USA). Commonalities between the three cases were iden-
tified through visual inspection and interpretation of the
data in the spreadsheet by the principal investigator. The
data were reviewed by a second investigator and any dis-
agreements were resolved through discussion. This case
series followed the CARE Guidelines for clinical case re-
porting where possible.?

Results

A total of four chiropractors, with an average of 23.5
years of practice, identified rib fracture cases and volun-
teered to participate in this study: three of them identified
one patient case meeting the inclusion criteria and one
chiropractor identified two cases. Due to differences in
institutional policies for research use of clinical data at
an externally hosted institution, two cases were excluded.
Patient characteristics of the three cases are described in
Table 1. Incident characteristics of the three cases are de-
scribed in Table 2.
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Table 1.
Patient characteristics. BMI (body mass index); BMD (bone mineral density);
N/A (not applicable, due to unavailable data)

BMD (T-score)
Lumbar Femoral
Age (years) Sex BMI (kg/m?) | Activity level | Smoking | Alcohol spine neck
Case 1 77 Female N/A Low No No -2.1 2.3
Case 2 60 Female 21.2 Low Yes No -1.5 24
Case 3 57 Male 25.1 Moderate No No N/A N/A
Case 1: “pop” and felt immediate pain on her left side. She did

Case one is of a 77-year-old female with a sedentary life-
style. Bone mineral density (BMD) T-scores in the lum-
bar spine and femoral neck were indicative of low BMD
(osteopenia).?** She did not smoke or consume alcohol.
She was on medications for the management of hyperten-
sion, hyperlipidemia, and hypothyroidism. She had a his-
tory of a motor vehicle collision with multiple fractures.
She was being treated with chiropractic care, including
SMT, for non-specific spinal pain in the cervical, thoracic,
and lumbar spines for several years with no previous re-
ports of AEs.

Her treatment plan included multimodal therapy in-
cluding SMT, spinal mobilisations, and soft tissue ther-
apy to the cervical, thoracic, and lumbar spines. She re-
ceived SMT targeted at T3-T6 in the supine position with
a bilateral posterior contact.?® She reported hearing a loud

not return to chiropractic treatment for the following three
weeks due to scheduling conflicts; however, she reported
constant pain at the left lateral chest wall over that three-
week period, as well as pain with breathing and sleeping
on her left side.

When she returned to the chiropractic clinic after three
weeks, a physical examination was conducted, including
rib springing and sternal compression, which reproduced
mild pain. Vibration testing over the ribs was inconclu-
sive. The patient was referred for an x-ray, which dem-
onstrated a recent rib fracture at the left Sth and 6th ribs
in the axillary region. Treatment was modified to exclude
SMT to the thoracic and lumbar spines. No complications
from the rib fractures were reported. The patient reported
symptom resolution in seven weeks and continued to re-

Table 2.
Incident characteristics. SMT (spinal manipulative therapy); N/A (not applicable, due to unavailable data)
SMT Time to
Symptom Fracture symptom
Type Side Level onset location Complications | resolution
Case 1 Smphnes Bilateral | T3-T6 Immediate alE 5 e1ie e i St None 7 weeks
posterior contact axillary region
Case 2 oIS Ly oilisier Left C7-T1 Immediate A5 Brucl 5 S i, None 12 weeks
transverse contact anterolateral region
Case3 | Sideposture; Left | L3-L5 | Immediae | L0 % leftside, None N/A
lumbar roll anterior region
10 J Can Chiropr Assoc 2020; 64(1)



ceive chiropractic care. She perceived the experience of
the rib fracture as mild.

Case 2

The second case is of a 60-year-old female with a seden-
tary lifestyle. Bone mineral density T-scores in the lum-
bar spine and femoral neck were indicative of low BMD
(osteopenia).** She was a daily smoker and did not con-
sume alcohol. She was on medications for the manage-
ment of hypertension, depression, pain, and osteopenia
(including anti-resorptive therapy, calcium, and vitamin
D). She had a history of previous falls with fractures. She
was being treated with chiropractic care for non-specific
spinal pain in the cervical, thoracic, and lumbar spines for
several years with no previous reports of AEs.

Her treatment plan included multimodal therapy in-
cluding mobilisations and soft tissue therapy to the cer-
vical, thoracic, and lumbar spines. On the day of the rib
fracture incident, she was not treated by her usual chiro-
practic intern and an unintentional error was made where
she received SMT targeted at C7-T1 in a prone position
using a left unilateral hypothenar transverse contact.”®
She reported immediate pain on her left side over the ribs
around the axillary region.

A physical examination was conducted immediately
after she reported the described pain. Percussion, vibra-
tion, and palpation over the left 6th, 7th, and 8th ribs re-
produced the chief complaint. Rib springing and thoracic
spine ranges of motion produced vague pain over the
lower left ribs. She was referred for an x-ray of the ribs,
which was taken one week later. The x-ray demonstrated
a healing rib fracture at the left 4th and 5th ribs in the
anterolateral aspect of the ribs. She reported pain with
coughing, sleeping on her left side, and moving from a
supine or side-lying position to an upright position.

Treatment was modified to include soft tissue ther-
apy to the intercostal muscles and low-level laser ther-
apy over the affected ribs. As SMT was not part of the
patient’s original treatment plan, the supervising chiro-
practor reinforced the importance of easily accessing this
information in the patient’s file to potentially prevent fu-
ture unintentional errors. No complications from the rib
fractures were reported. The patient reported symptom
resolution in 12 weeks and continued to receive chiro-
practic care. She perceived the experience of the rib frac-
ture as mild.
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Case 3:

The third case is of a 57-year-old male who was regularly
engaged in moderate level physical activity. Bone-min-
eral density scores were not available. He did not smoke
or consume alcohol. He was not taking any medications
for the management of any health conditions. He had a
history of a traumatic fall with multiple fractures. He was
being treated with chiropractic care for non-specific low
back pain; he had received five treatments according to
the current treatment plan with no previous reports of
AEs.

His treatment plan included multimodal therapy in-
cluding SMT and soft tissue therapy to the lumbar spine.
He received SMT targeted at L3-L5 on the left in the side
posture position.?® He reported feeling immediate sharp
pain over his left ribs and pain with breathing.

The patient was immediately referred for x-ray, which
demonstrated a non-displaced anterior rib fracture of the
left 9th rib. He was advised to apply ice by the chiroprac-
tor. He was contacted over the phone nine days later and
reported improvement in pain. No complications from
the rib fracture were reported. The patient was lost to
follow-up; therefore, data on symptom resolution and pa-
tient perception of the rib fracture could not be recorded.

Chiropractors’ perspectives on lessons learned
Three main themes emerged from the semi-structured
interviews with the chiropractors who participated in the
study: 1) verifying and updating potential contributing
factors associated with rib fractures; 2) transparent com-
munication prior to SMT and/or after the occurrence of an
AE; and 3) the opportunity for enhancing student educa-
tion on AE management.

Verifying and updating potential contributing factors
associated with rib fractures

In patients with identified risk factors for osteopenia or
osteoporosis who may be at an increased risk of frac-
ture (e.g. sex, age, sedentary lifestyle, smoking, alcohol
intake, prolonged use of glucocorticoid medication), the
chiropractors in this study thought that it was not only im-
portant to identify those risk factors at the initial assess-
ment, but also to continuously verify and update them in
order to continually choose treatment options to mitigate
risk to the patient. Additionally, some chiropractors in this
study emphasised that osteopenia and osteoporosis are
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relative, not absolute, contraindications to SMT.?" Lastly,
the chiropractors in this study suggested that modifica-
tions to SMT, such as using non-thrust interventions, may
be appropriate in patients who may be at risk for or who
have been diagnosed with osteopenia or osteoporosis.

Transparent patient communication

Open and transparent communication with the patient,
both prior to providing SMT and/or after the occurrence
of an AE, was also identified as an important strategy by
the participating chiropractors. Prior to SMT, the chiro-
practors in this study emphasised the importance of in-
formed consent as a process where the treatment’s bene-
fits, risks, and alternatives should be discussed with the
patient so that the patient can have an active and informed
involvement in the decision-making process. After the
occurrence of an AE, participating chiropractors believed
that it was important to understand the patient’s percep-
tion of the event, as the patient’s perception may not be
the same as the chiropractor’s perception.

Opportunity to enhance student education on AE
management

As all of the participating chiropractors in this study are
involved in a supervisory role at a teaching clinic, they
perceived these experiences as an opportunity to enhance
students’ education on patient safety and AEs. Some of
the chiropractors in this study believed that it is important
to introduce the concept of patient safety and AEs early
in the chiropractic curriculum in order to expose students
to an environment where they feel comfortable and sup-
ported to talk about safety concerns and AEs, thus promo-
ting an open and trusting patient safety culture focused on
learning from AEs instead of blaming.

Discussion

This case series provided an overview of three cases of
rib fractures after SMT. In two of the cases, the patients
were over 60 years of age, female, had BMD T-scores
in the osteopenic range, and were sedentary. In one case,
the patient was under the age of 60, male, had unknown
BMD T-scores, and was moderately active. In all three
cases, the patients were treated with SMT, however the
type and location of SMT were different in all cases. In all
three cases, the patient felt immediate pain and continued
to report aggravation of symptoms with sleeping on the
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affected side and with breathing. There were no known
complications in any of the cases.

The limited availability of scientific evidence regard-
ing rib fractures following SMT precludes the compari-
son of our findings to those previously reported in the lit-
erature. Two of the cases in this study, however, described
characteristics that are similar to the risk factors included
in fracture risk prediction tools commonly used to evalu-
ate fracture risk of patients.”® These factors include age,
previous fracture, smoking, and low BMD.

Verifying and updating potential contributing factors
associated with rib fractures

In 2000, osteoporosis resulted in more than 9.0 million
fractures annually worldwide, contributing to the grow-
ing global health burden associated with low BMD.?-%
Fracture risk assessment tools for low BMD patients
have been developed to include risk factors such as sex,
age, history of fracture, prolonged glucocorticoid use,
rheumatoid arthritis, cigarette smoking, and alcohol in-
take.”> As patients presenting to chiropractors may return
over time for the management of their condition, it is
important to always have the most updated information
about a patient’s overall health, including information on
the patient’s most recent BMD examination results. For
patients with diagnosed osteopenia or osteoporosis, some
chiropractors in this study emphasised the importance of
making this diagnosis clearly visible and accessible in the
patient’s file. In doing so, any provider providing care to
the patient can easily identify the presence of osteopenia
or osteoporosis, which may affect the patient’s treatment
plan.

According to the WHO, osteopenia and osteoporosis
are relative contraindications to SMT.*” The WHO defines
a relative contraindication as “one where the treatment
may place the patient at undue risk unless the presence
of the relative contraindication is understood and treat-
ment is modified so that the patient is not at undue risk” >’
The chiropractors in this study felt that students training
in SMT should understand what a relative contraindica-
tion means for the management of their patient. Students
should be able to effectively communicate and discuss
relative risks to their patients during the informed consent
process by presenting the treatment’s potential benefits,
risks, and alternatives, allowing them to actively engage
in a process of informed and shared decision making.

J Can Chiropr Assoc 2020; 64(1)



Although previous studies described that during
SMT3!# forces are applied and transmitted through the
patient, no studies have quantified forces applied to the
thoracic or lumbar spines in a clinical setting. Addition-
ally, there are no studies quantifying the SMT force-time
characteristics required to fracture ribs of varying bone
mineral densities. Regardless of the applied SMT force-
time characteristics, however, evidence suggests that both
thrust (SMT) and non-thrust (spinal mobilisation) inter-
ventions may lead to reductions in pain and improvements
in function outcomes in individuals with chronic neck
and low back pain.*3* As such, treatment modifications
including non-thrust interventions instead of thrust inter-
ventions was suggested by participating chiropractors for
patients with identified osteopenia or osteoporosis, or in
those who may be at risk, in order to reduce the occur-
rences of rib fractures.

Transparent patient communication

Chiropractors in this study also emphasised the import-
ance of the informed consent process prior to SMT. Spe-
cifically, it has been described that informed consent
should be an ongoing process, and that it is perceived by
patients as such.”> Similar to what was suggested in the
previous theme (Verifying and updating potential contrib-
uting factors associated with rib fractures), patients who
present with potential contributing factors associated with
any AE should receive all relevant information in order to
make an informed decision by weighing the risks of the
treatment to its potential benefits. Nevertheless, partici-
pating chiropractors thought that all patients, even those
without apparent contributing factors, should be appropri-
ately informed about treatment risks. Additionally, as part
of the informed consent process, alternative treatment op-
tions should also be explained to the patient. Treatment
options could include not only alternative manual ther-
apy techniques (e.g. spinal mobilisation instead of SMT),
but also referrals for collaborative, interdisciplinary ap-
proaches to management based on the needs of the patient
(e.g. co-management with physicians or pharmacists for
management with medication; with other rehabilitative
professionals for fall prevention; and/or with nutrition-
ists for management of diet). Lastly, based on the case
in which a rib fracture occurred after lumbar SMT, the
chiropractor emphasised the importance of including rib
fracture as a potential risk in the informed consent process
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when providing manual therapy to both the thoracic and
lumbar spines.

Patient perception of the event after the occurrence
of an AE was highlighted as an important consideration.
While some patients may perceive the event as very ser-
ious, others may perceive it as mild. In this study, patients
involved in two of the three cases were very understand-
ing of the situation, were not upset or angry, perceived the
rib fracture as a mild AE, and subsequently returned to
chiropractic care. In the third case, data on the patient per-
ception was not available. After an AE, the chiropractors
in the study stressed the importance of communicating
with the patient about the events that occurred, what the
patient should expect to feel, and potential complications,
as this communication demonstrates accountability and
professionalism.

Opportunity to enhance student education on AE
management

In order to create a culture of learning from AEs when
they occur (as opposed to a blaming/shaming culture),
curricular changes may be needed. Specifically in the
chiropractic curriculum, general concepts around patient
safety and AEs (e.g. epidemiology, use of safety check-
lists) could potentially be implemented early in the cur-
riculum. This could then be followed by practising cases
and using simulation training, which would allow for stu-
dents to identify potential contributing factors associat-
ed with particular AEs, practise different manual therapy
techniques in addition to SMT, and practise the informed
consent process in order to facilitate shared decision mak-
ing. Indeed, structured educational programs including
didactic and practice-based learning have been used in
medical residency programs to educate medical residents
on patient safety and quality of care.’® Furthermore, simu-
lation training for acute care nurses has been demonstrat-
ed to achieve improved patient safety outcomes.’” By en-
hancing education on AEs and patient safety, chiropractic
institutions have the potential to teach the next generation
of chiropractors to be comfortable with talking about pa-
tient safety, which would significantly advance patient
safety within the chiropractic profession.

Limitations
Not all cases of rib fractures that occurred after SMT may
have been included in this study, as participating chiro-
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practors had to actively volunteer for this study. In addi-
tion, details surrounding the patient and incident charac-
teristics were based on previously documented clinical
notes and memory recall. Therefore, there is the potential
for unclear documentation, missing data, and memory
decay, with no method for verifying the information. It
is important to note that this study was not designed to
establish risk factors associated with rib fractures or AEs,
nor was it designed to establish causality of observed
AEs. Lastly, no standardised qualitative technique was
used for inquiry or to analyse the data and the perspec-
tives of interns and patients were not collected. Future
studies should use a systematic qualitative technique to
identify themes or develop a taxonomy on lessons learned
and risk mitigation strategies.

Future research

Future studies are needed to establish the SMT force-time
characteristics necessary to cause a rib fracture in patients
with varying characteristics, including varying BMD lev-
els. A standardised method for systematically collecting
AE data is also needed so that potential risk factors can be
identified, significantly contributing to advancing patient
safety related to SMT. Patients’ and providers’ expecta-
tions and perceptions towards AEs should also be further
explored to expand on risk prevention and mitigation
strategies.

Conclusion

This case series reviewed chiropractors’ perspectives on
cases of rib fractures after SMT, including their thoughts
on potential contributing factors based on patient and
incident characteristics, as well as their suggestions on
enhancing patient safety and developing prevention and
mitigation strategies. The chiropractors in this study
stressed the importance of verifying and updating poten-
tial contributing factors that may be associated with rib
fractures over the course of treatments, as well as open
and honest communication with the patient as suggested
prevention and mitigation strategies. They also viewed
their experience in managing AEs as an opportunity to
enhance student education in order to improve the overall
patient safety culture. Our study indicates that important
lessons can be learned from AEs, despite their infrequent
occurrences. As patient safety is a global healthcare chal-
lenge, chiropractors need to be leaders in creating an open
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and constructive patient safety environment within their
profession.

References

1. Brasaite I, Kaunonen M, Suominen T. Healthcare
professionals’ knowledge, attitudes and skills regarding
patient safety: a systematic literature review. Scand J
Caring Sci. 2015;29(1):30-50.

2. World Health Organization. Patient Safety: Making health
care safer. Geneva:2017.

3. World Health Organization. Patient safety. 2019; https://
www.who.int/patientsafety/en/. Accessed September 1,
2019.

4. Kohn L, Corrigan J, Donaldson M. To err is human:
Building a safer health system. Washington, D.C.: National
Academy Press; 2000.

5. Wade J. Building a Safer System : A National Integrated
Strategy for Improving Patient Safety in Canadian Health
Care. The National Steering Committee on Patient
Safety;2002.

6. Rafter N, Hickey A, Condell S, et al. Adverse
events in healthcare: learning from mistakes. QJIM.
2015;108(4):273-277.

7. Anderson JE, Kodate N, Walters R, Dodds A. Can incident
reporting improve safety? Healthcare practitioners’ views
of the effectiveness of incident reporting. Intl J Qual
Health Care. 2013;25(2).

8. Howell AM, Burns EM, Bouras G, Donaldson LJ,
Athanasiou T, Darzi A. Can patient safety incident reports
be used to compare hospital safety? Results from a
quantitative analysis of the English National Reporting
and Learning System Data. PLoS One. 2015;10(12):
e0144107.

9. Bhasale AL, Miller GC, Reid SE, Britt HC. Analysing
potential harm in Australian general practice: an incident-
monitoring study. Med J Austr. 1998;169(2).

10. Beliveau PJH, Wong JJ, Sutton DA, et al. The chiropractic
profession: a scoping review of utilization rates, reasons
for seeking care, patient profiles, and care provided.
Chiropr Man Therap. 2017;25: 35.

11. Mior S, Wong J, Sutton D, et al. Understanding patient
profiles and characteristics of current chiropractic practice:
a cross-sectional Ontario Chiropractic Observation and
Analysis STudy (O-COAST). BMJ Open. 2019;9(8):
e029851.

12. French SD, Charity MJ, Forsdike K, et al. Chiropractic
Observation and Analysis Study (COAST): providing an
understanding of current chiropractic practice. Med J Aust.
2013;199(10): 687-691.

13. Bussieres AE, Stewart G, Al-Zoubi F, et al. Spinal
manipulative therapy and other conservative treatments for
low back pain: a guideline from the Canadian Chiropractic
Guideline Initiative. J Manipulative Physiol Ther.
2018;41(4): 265-293.

J Can Chiropr Assoc 2020; 64(1)



14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

Coté P, Wong 1J, Sutton D, et al. Management of neck
pain and associated disorders: A clinical practice guideline
from the Ontario Protocol for Traffic Injury Management
(OPTIMa) Collaboration. Eur Spine J. 2016;25(7): 2000-
2022.

Carnes D, Mars TS, Mullinger B, Froud R, Underwood M.
Adverse events and manual therapy: a systematic review.
Man Ther. 2010;15(4): 355-363.

Swait G, Finch R. What are the risks of manual treatment
of the spine? A scoping review for clinicians. Chiropr Man
Therap. 2017;25: 37.

Walker BF, Hebert JJ, Stomski NJ, et al. Outcomes of
usual chiropractic. The OUCH randomized controlled trial
of adverse events. Spine. 2013;38(20): 1723-1729.
Carlesso LC, Cairney J, Dolovich L, Hoogenes J.
Defining adverse events in manual therapy: an exploratory
qualitative analysis of the patient perspective. Man Ther.
2011;16(5): 440-446.

Canadian Chiropractic Protective Association. Consent to
Chiropractic Treatment. September 2015.

Talbot BS, Gange CPJ, Chaturvedi A, Klionsky N,

Hobbs SK, Chaturvedi A. Traumatic rib Injury:

patterns, imaging pitfalls, complications, and treatment.
Radiograph. 2017;37(2): 628-651.

Pohlman KA, O’Beirne M, Thiel H, et al. Development
and validation of providers’ and patients’ measurement
instruments to evaluate adverse events after spinal
manipulation therapy. Eur J Intregr Med. 2014;6(4): 451-
466.

Compston JE, McClung MR, Leslie WD. Osteoporosis.
Lancet. 2019;393(10169): 364-376.

Gagnier JJ, Kienle G, Altman DG, et al. The CARE
Guidelines: Consensus-based clinical case reporting
guideline development. Glob Adv Health Med. 2013;2(5):
38-43.

World Health Organization. Assessment of fracture risk
and its application to screening for postmenopausal
osteoporosis: report of a WHO study group. Geneva 1994.
Lewiecki EM, Watts NB, McClung MR, et al. Official
positions of the international society for clinical
densitometry. J Clin Endocrinol Metab. 2004;89(8):3651-
3655.

J Can Chiropr Assoc 2020; 64(1)

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

D To, A Tibbles, M Funabashi

Bergmann TF, Peterson DH. Chiropractic technique:
Principles and procedures. 3rd ed: Mosby 2010.

World Health Organization. WHO guidelines on basic
training and safety in chiropractic. Geneva 2005.

Kanis JA, McCloskey EV, Johansson H, Oden A,

Strom O, Borgstrom F. Development and use of FRAX in
osteoporosis. Osteoporosis Int. 2010;21: 407-413.
Johnell O, Kanis JA. An estimate of the worldwide
prevalence and disability associated with osteoporotic
fractures. Osteoporosis Int. 2006;17(12):1726-1733.
Sanchez-Riera L, Carnahan E, Vos T, et al. The global
burden attributable to low bone mineral density. Ann
Rheum Dis. 2014;73(9):1635-1645.

Herzog W, Conway PJ, Kawchuk GN, Zhang Y,

Hasler EM. Forces exerted during spinal manipulative
therapy. Spine. 1993;18(9): 1206-1212.

Herzog W, Kats M, Symons B. The effective forces
transmitted by high-speed, low-amplitude thoracic
manipulation. Spine. 2001;26(19): 2105-2110.

Coulter ID, Crawford C, Hurwitz EL, et al. Manipulation
and mobilization for treating chronic low back pain: a
systematic review and meta-analysis. Spine J. 2018;18(5):
866-879.

Coulter ID, Crawford C, Vernon H, et al. Manipulation
and mobilization for treating chronic nonspecific neck
pain: a systematic review and meta-analysis for an
appropriateness panel. Pain Phys. 2019;22(2): E55-E70.
Winterbottom M, Boon H, Mior S, Facey M. Informed
consent for chiropractic care: comparing patients’
perceptions to the legal perspective. Man Ther. 2015;20(3):
463-468.

Ford EC, Nyflot M, Spraker MB, Kane G,

Hendrickson KRG. A patient safety education program
in a medical physics residency. J Appl Clin Med Phys.
2017;18(6): 268-274.

Lewis KA, Ricks TN, Rowin A, Ndlovu C, Goldstein L,
McElvogue C. Does simulation training for acute care
nurses improve patient safety outcomes: a systematic
review to inform evidence-based practice. Worldviews
Evid Based Nurs. 2019.

15





