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Analyzing injuries among university-level
athletes: prevalence, patterns and risk factors

Jean Lemoyne, PhD'
Caroline Poulin, DC, MSc?
Nadia Richer, DC?

André Bussiéres, DC, PhD*?

Background: Scientific evidence suggests many health
benefits are associated with sport participation.
However, high intensity participation may be related to
an increased risk of musculoskeletal injuries.

Objectives: This study aims to: 1) describe the
prevalence and patterns of sports injuries, and 2)
identify its associated risk factors.

Methods: A cross-sectional design was used.
University level athletes, involved in 7 sport disciplines
reported musculoskeletal injuries sustained in the past
year, as well as potential risk factors: training volume
and antecedent sport participation. Group comparisons
were conducted.

Results: 82 athletes participated in the study.
Respondents sustained over two injuries per year.
Significant differences were found for sport category and
type of injury. No differences were observed regarding
antecedent sport participation.

Discussion: High prevalence and sport-specific

Contexte : Les observations scientifiques laissent
entendre que de nombreux avantages pour la santé
sont associés a la participation sportive. Cependant, la
participation a haute intensité pourrait étre associée a
un risque accru de blessures musculo-squelettiques.

Objectifs : Cette étude vise : 1) a décrire la prévalence
et les tendances en matiére de blessures sportives et 2) a
en déterminer les facteurs de risque connexes.

Meéthodologie : On a utilisé une analyse transversale.
Des athlétes universitaires qui participaient a sept
disciplines sportives ont déclaré des blessures musculo-
squelettiques au cours de la derniére année, ainsi
que des facteurs de risque potentiels : le volume de
I’entrainement et I’ historique de participation sportive.
On a réalisé des comparaisons de groupes.

Résultats : En tout, 82 athlétes ont participé a l’étude.
Les répondants ont subi plus de deux blessures par
année. On a constaté d’importantes différences sur le
plan de la catégorie sportive et du type de blessure. On

! Université du Québec a Trois-Rivieres, Department of Human Kinetics

2 Université du Québec a Trois-Rivieres, Department of Chiropractic

3 McGill University, School of Physical and Occupational Therapy, Faculty of Medicine
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injuries observed in university sport should be of
concern to athletes, therapists, coaches and sport
organizers.

Conclusion: This study contributed to a better
knowledge of injury patterns among university athletes,
and suggests further practical and research implications.

(JCCA. 2017;61(2):84-95)

KEY WORDS: musculoskeletal injuries, college sport,
prevalence, risk factors, injury prevention, chiropractic

J Lemoyne, C Poulin, N Richer, A Bussieres

n’a pas observé de différence concernant I’ historique de
participation sportive.

Discussion : La prévalence élevée et les blessures
propres au sport observées dans le sport universitaire
devraient préoccuper les athlétes, thérapeutes,
entraineurs et organisateurs d’événements sportifs.

Conclusion : Cette étude a contribué a une meilleure
connaissance des tendances en matiere de blessures chez
les athletes universitaires et laisse entendre d’autres
répercussions sur le plan concret et de la recherche.

(JCCA.2017;61(2):84-95)
MOTS CLES : blessures musculo-squelettiques, sport

collégial, prévalence, facteurs de risque, prévention des
blessures, chiropratique

Introduction

A large body of evidence supports the health benefits of
participation in sport.! However, research also reveals that
the excessive practice of sport, especially in the competi-
tive context, is associated with an increased risk of mus-
culoskeletal injuries.>® Sport injuries are associated with
high direct and indirect costs, and can lead to early sport
retirement for up to 24% of athletes.* Sport injury may
also lead to decreased sport participation and associated
all-cause morbidity, overweight/obesity and post-trau-
matic osteoarthritis.’ A cross-sectional study of 236 young
elite athletes suggested an injury prevalence rate three to
five times higher than the general population.® Multiple
mechanisms contribute to explaining the high prevalence
of musculoskeletal injuries among competitive level ath-
letes.” According to Almeida®, training volume is an im-
portant risk factor that was associated with sport injuries.
Specifically, the number of hours of vigorous training was
significantly correlated with the presence of musculoskel-
etal overuse injuries. Furthermore, high training regimes
also appear to increase the risk of sustaining acute injuries
in high contact team sports such as rugby.’

Not surprisingly perhaps, antecedent competitive level
sport participation may be associated with an increased
prevalence of musculoskeletal injuries. According to Ma-
lina!®, antecedent sport participation is defined as being
involved in systematic training in a single sport at a rela-

J Can Chiropr Assoc 2017; 61(2)

tively young age. Moderate to high levels of sport par-
ticipation usually occurs at puberty, in particular within
North American sport systems. Caine et al."' demonstrat-
ed that during adolescence, taking part in elite sports and
specializing in a single sport were both associated with a
higher prevalence of injuries during those years. For in-
stance, Hall and colleagues showed that the risk of de-
veloping anterior knee pain was four times higher among
“early specialized” female basketball, soccer and volley-
ball players.”” However, despite the Hall study, little is
known about the long-term effects of antecedent sport
participation from an epidemiological perspective. In
this regard, prior research suggests there is a need to im-
prove our understanding of acute and overuse injury pat-
terns among high performing athletes. Investigating the
relationship between sport injuries and its potential risk
factors is relevant from a health promotion perspective.’
Collecting data about injury patterns and related risk fac-
tors can inform the design of novel strategies to prevent
injuries among athletes.

The purpose of the current study was to analyze the
injury profile of university-level athletes involved in mul-
tiple sport disciplines. This study aimed to 1) describe
and compare the injury profiles (e.g. prevalence and dis-
tribution) of seven sport disciplines, and 2) determine if
reported injuries (acute or overuse) were associated with

89
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two risk factors: training volume and early sport special-
ization (i.e., antecedent sport participation).

Methods
A cross-sectional study was administered between Nov-
ember 2014 and January 2015 among university level
athletes (50% males (M), 50% females (F), aged between
21 and 29 years old). All athletes (N=120) involved in the
university’s sport programs were invited to participate in
the study. Participants came from seven university-level
sports: cross-country running (M and F), cheerleading,
golf (M), ice hockey (M), soccer (M and F), swimming
(M and F), and volleyball (F). We decided to regroup ath-
letes who were involved in the same sports, resulting in
six groups. The institution’s research ethical board (CER-
14-204-07-25) approved this project. The athletes who
agreed to take part in the data collection received an in-
formation letter and completed a consent form.

Participants completed an online questionnaire (ap-
pendix 1). Questions were developed based on prior stud-
ies and antecedent recommendations.”*'* Three experts
assessed the survey questionnaire for face and content
validity and a pilot version was tested on five users. The
first part of the questionnaire consisted of three questions
covering demographic information (age, gender, hand
dominance). Secondly, participants were asked to self-re-
port any prior injuries (over lifetime) at the onset of their
competition season. Injury was defined in the question-
naire as “a physical complaint or observable damage to
body tissue produced by the transfer of energy experi-
enced or sustained by an athlete during participation on
athletic training or competition regardless of whether it
received medical attention or its consequence with re-
spect to impairments in connection with competition or
training”."* For each reported injury; participants were
asked to specify the date, specific site, tissue involved,
type of injury, possible cause, associated factors, type and
duration of invalidity and time to recovery. A maximum
of ten “past injuries” could be reported. Preliminary data
analyses revealed that none of the participants reported
over six “lifetime” injuries. Data collection was facilitat-
ed by the presence of a chiropractic intern paired with
each team. The last section of the questionnaire measured
potential risk factors including training volume and ante-
cedent sport participation.

Training volume was measured using two indicators:

90

duration and frequency of training sessions. For duration
of training, participants had to report the total number of
hours per week they invested in training (sport-specific,
physical preparation, competition) since the beginning
of the season. For the frequency of training, participants
had to report the number of weekly sessions they were
involved in their sport (training, competition, etc.).

Antecedent sport participation was measured using two
items. Participants were asked, “Between age 13 and 18,
did you take part in other elite-competitive sports other
than the one you are involved in your university team?”
We also asked the age at which they started their univer-
sity team sport.

For descriptive purposes, we calculated the frequency
and proportional distribution of injuries by participant
characteristics and training volume. Training volume was
subdivided into the number of weekly training sessions (<
3, between 4 and 7, and more than 7 sessions per week)
and the number of hours of training per week (between
5-10, between 10-15, and > 15 hours). Antecedent sport
participation was sub-divided into two categories: par-
ticipants who took part in sports other than their current
discipline between the age of 13 and 18 versus those who
did not, meaning no antecedent competitive sports.

First, we verified for distribution normality concerning
training volume (duration and frequency), and self-re-
ported injuries. Normal probability plots and verification
for excessive skewness / kurtosis were conducted to ver-
ify for normality assumptions. In the present case, no ex-
cessive values were observed (skewness values between
-0.07-0.93, and kurtosis values between -0.11-0.91), but
significant values for Wilk-Shapiro normality test, sug-
gest a slight violation of normality assumptions. We con-
ducted ANOVAs with Monte Carlo randomization'® to
verify if training volume and number of injuries differ re-
garding each team. Then, we compared the injury profile
by verifying if the injury profile differed for three risk fac-
tors: weekly training sessions, hours of training per week
(or training volume) and antecedent sport participation.
In cases with a significant F value, we conducted post hoc
tests to identify specific group level differences, by using
Tukey’s HSD test. The mean number of injuries per ath-
lete and prevalence rate (with 95% confidence intervals)
was calculated for each sport discipline. We calculated the
lifetime injury incidence rate (injury rate per athlete-life-
time). The injury incidence rate was calculated with 95%

J Can Chiropr Assoc 2017; 61(2)



Table 1.
Participants’ training volume and injury profile
(total injuries, mean, lifetime prevalence and lifetime injuries per athlete)

J Lemoyne, C Poulin, N Richer, A Bussieres

Teams Total Cross country | Cheerleading | Ice Hockey Soccer Swimming Volleyball | Test statistic P value
(N=81) (n=15) (n=11) (n=22) (n=20) (n=5) (n=8) (df)

Gender, males (%) 40 (49) 5(33) 2 (18) 22 (100) 9 (45) 2 (40) 0(0) Descriptive only
Age (M+SD) 240+19 24.6+24 23723 24108 231+14 252+24 24926 F(,)=20 0.08
Duration (Hours / week) 123 +5.4% 115+4.1 9.1+£3.1 169+54 105+2.8 158 +£8.7 77.£22 I8 iy =l <.001
Frequency (Sessions / week) 4.9 £2.9%* 71£29 29+14 6.7+£28 30+£09 6.8+£3.7 27+£12 Fis=13.1 < .001
Sessions (Hours / session) 3219 1914 45+33 29+14 3710 22+08 3527 F(s,za) =59 002
Injuries (% of total) 185 (100) § 21 (11) 28 (16) 47 (25) 58 (31) 12 (6) 19 (11) X5 =534 <.001
(Lgig‘i,g‘g‘;)i“j“ry rate perathlete | 526 (19-2.6) | 147(0.9-22) | 255 (1.7-37) | 201(15:27) | 29(15:38) [220(1239) | 238(1537) | F,, =12 | 027
Lifetime prevalence (%) 55 (67.1) 6(222) 8 (29.6) 15 (55.5) 17 (63.2) 4(14.8) 4(154) X 5= 178 0.01
$ 2 injuries were reported by the golf player (not included for the analyses).

confidence intervals for Poisson rates, as the number of (Mo = 21,10, = 61), we accounted for the sport type

injuries is typically not normally distributed. The lifetime
prevalence (overall prevalence) was defined as the total
number of athletes injured divided by the total size of each
subgroup. Secondly, we compared injury prevalence, to
see if acute injuries were more prevalent than overuse in-
juries. Self-reported injuries were categorized in two sub-
groups: acute and chronic (or overuse) based on Fuller et
al.'® who define acute injuries as traumas resulting from
a single, identifiable event, and chronic-overuse injuries,
which correspond to gradual-onset injuries caused by re-
peated trauma. We then calculated chi-square () statistic
on a 2x2 crosstab: injury type x sport type.

Finally, we computed the mean injuries (with 95%
confidence intervals) per athlete for four risk factors: 1)
weekly hours (treated as continuous variable), 2) week-
ly sessions (treated as continuous variable), and 3) ante-
cedent sport participation (2 levels). Due to the distribu-
tion of self-reported injuries, a Poisson regression model
analysis was performed to identify significant predictors
and to estimate their associated incidence risk ratio. Train-
ing volume in terms of hours and weekly sessions were
included as predictors for the incidence rate ratios (IRRs)
which were obtained by exponentiation of the regression
coefficients. Due to the potential biased estimates which
can be obtained due to unequal sample sizes on sport type

J Can Chiropr Assoc 2017; 61(2)

effect by adding this variable as a clustering variable.

Results

Table 1 presents the characteristics of the sample popula-
tion and training volume for each sport discipline. Eighty-
two university-level athletes, (50% male (n=41)) returned
a completed survey questionnaire, corresponding to a re-
sponse rate of 68%. Non-response (N= 38, 32% of total
population) may be explained by multiple factors, such
as refusal to take part to the study, or simply athletes not
opening the invitation message sent by the research staff.
Respondents had a mean age of 24.0 + 1.9 (range: 21-
29 years) and were involved in seven sport disciplines:
cross-country running (n=15), cheerleading (n=11), golf
(n=1), ice hockey (n=22), soccer (n=20), swimming
(n=5), and volleyball (n=8). Due to a low response rate
(n=1) from the men’s golf team, this sport category was
excluded from the analyses. Moreover, 41% of partici-
pants reported not having taking part in other activities
than their specific sport disciplines between the age of 13
and 18.

On average, across the six sport disciplines, athletes
trained 12.3 (+ 5.4) hours per week, and performed an
average of 4.95 (£ 2.9) sessions per week. Sessions lasted
on average 3.2 (x 1.9) hours. In summary, post-hoc an-
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Table 2.
Types of injuries by sport category
(for descriptive purposes)

Total | Individual sports | Team sports

(%) (% of total) (% of total)
Concussion 24 (12) 4(2) 20 (11)
Sprain 67 (39) 10 ( 6) 57 (33)
Muscle tear 30 (17) 13(7) 17 (10)
Fracture 27 (16) 9( 6) 18 (10)
Dislocation / luxation 5(3) 1(1) 4(2)
Acute injuries (total) 153 (87) 37 (76) 116 (92) §§
Overuse injuries (total) 22 (13) 12 (24) § 10 ( 8)
(Tendonitis, Bursitis, Shinsplints)
*p <0.01

2 injuries were reported by the golf player (not included for the analyses).
A total of 175 injuries (out of 185) are reported (10 missing data for injury type).

alyses revealed that volleyball players and cheerleading
participants were involved in fewer training hours than
the other groups (F ., =9.12, p < .001). Group compari-
sons also revealed significant group differences regarding
weekly sessions (F;,; = 8.01, p <.001), in favor of ice
hockey, swimming and cross-country participants. Num-
ber of hours per session were significantly lower among
cheerleading participants (F ., = 5.92, p =.002). Despite
a significantly higher number of injuries reported by soc-

cer and hockey players (¥*> = 53.4, p < .001) and on life-
time prevalence (%> = 17.8, p = .01), no significant dif-
ferences were observed regarding the average number of
lifetime injury rate per athlete (F,, =123,p = .27).In
summary, participants reported an average of 2.28 injur-
ies per athlete; with a prevalence of 91% (only 7 athletes
reported having no injuries). The overall “lifetime” preva-
lence of injuries (one injury or more) was 67.1%.

As shown on Table 2, 185 musculoskeletal injuries
were reported, suggesting an average of more than two
injuries per athlete (mean= 2.3; 95% CI 2.14-2.36). The
distribution of injuries was as follows: ankle (20%),
knee (15%), shoulder (13%), head (11%) and back (7%).
Specific patterns of injury type and sport disciplines were
also observed. Acute injuries were predominant, repre-
senting 87% of all reported injuries. Sixty-six percent of
acute or traumatic injuries (sprain, facture, etc.) occurred
during team sports, whereas overuse injuries (tendonitis,
etc.) were slightly more common in individual sports
(54% versus 46%). Participants involved in team sports
were more affected by acute injuries (92% versus 76%).
Conversely, those in individual sports reported a signifi-
cantly higher level of overuse injuries (24% versus 8%).
These results will be addressed in more detail in the dis-
cussion section.

For the second objective of the study, results from the

Table 3.
Multivariate estimates of IRR and 95% CI adjusted for injuries per athlete.

. Reported Mean (95% CI) 5 IRR * (95% CI) Wald y2
Risk factors injuries injuries per athlete el injuries (df) P
"Training sessions (n) 096 (0.92-1.02) | 1333 | 021
<3 (n=36) 89 244 (197 (10)
4 -7 (n=26) 60 2.35(1.79
> 8 (n==18) 36 2.00 (1.33
"Training (hours) 1.00 (0.96 - 1.05) 2272 | 025
<10 (n=36) 79 2.19 (1.69 (19)
10-15 (n=37) 95 2.51(2.05
> 15 (n=7) 16 2.00 (0.93
Antecedent sport participation 1.06 (0.92 - 1.13) 3.57 0.06
Yes (n = 33) 92 2.36 (1.75 (1)
No (n=49) 95 224 (195
Sport type
Team (n=61) 133 246 (2.07
Individual (n=20) 52 1.67 (1.16
Cl= Confidence interval; IRR = Incidence rate ratio; df = degrees of freedom

* Coefficients are on an exponential scale (exp[f3] = IRR); 95% Bootstrap Confidence Interval.

b
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Training volume (sessions and hours) was treated as a continuous variable
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Poisson regression analysis suggested that when sport
type was controlled as a clustering effect, the occurrence
of injury was not associated with either the number of
weekly training sessions (Wald y* (df) = 13.33 (1), p =
21), training volume in terms of weekly hours (Wald >
(df) = 22.72 (19), p = .25), and antecedent sport partici-
pation (Wald ? (df) = 3.58 (1), p = .06). Table 3 presents
the incidence rate ratios (IRRs) and associated 95% con-
fidence intervals (ClIs) for each variable.

Discussion

The objective of this study was to determine the injury
profile in a population of university-level competitive ath-
letes. Awareness of the injury profile and of risk factors
among university level athletes may help develop strat-
egies to reduce the risk of injuries. Our results indicated
that injuries appear to be common among university-level
athletes, with an average of over two injuries per athlete
per year. Such high prevalence should be of concern to
athletes, coaches and sport organizers. Ankle, knee and
shoulder injuries were the most frequently affected areas,
similar to what has been reported elsewhere.*

This study also suggested that the injury profile dif-
fers according to type of sport, with acute injuries being
more common in team sports. However, the present in-
vestigation cannot specifically establish cause and effect
relationships to explain the athletes’ injuries. Such pre-
occupation was beyond the scope of this investigation,
and large samples, systematic follow-ups, and multiple
sport samples would have been necessary to establish
causal relationships of injury patterns. Several factors
may explain our findings. First, contacts with opponents
and/or teammates are common in team sports such as ice
hockey and soccer.!” Collisions with teammates are also
frequently reported in volleyball, especially when players
fall near the net following an attack.'® Acute injuries may
also be caused by ball contact (e.g. serve and smash re-
ception, blocks). In cheerleading, acute injuries can result
from falling on the floor after being thrown by teammates.
In this regard, it is plausible to suggest that the nature of
sport, by its exposure to contact may be a factor that could
explain differences between athletes’ injury patterns. For
example, athletes involved in individual sports (and low
risk of contact) undergo a highly repetitive training re-
gime, which is a factor that could possibly explain the
higher level of overuse injury.'” However, it is important
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to specify that the small sample size for individual sports
and the limited number of individual contact sports (e.g.
boxing, tackwondo, etc.) are a limitation of this study.
Furthermore, the relatively small sample size prevents us
from drawing conclusive interpretations about sport type
differences. Future research designs should try to recruit
among a larger pool of athletes, who participate in a wider
range of Canadian, university-level sport disciplines. In
summary, further research should increase sample size
and therefore expand the number of sports to draw con-
clusions that are more generalizable.

Together, these findings suggest stakeholders (ther-
apists, trainers, coaches, etc.) should consider tailoring
injury prevention plans. Reviews and meta-analyses of
effective interventions to reduce the risk of sports-relat-
ed injuries suggest prevention plans may include insoles
(Odd Ratio [OR]: 0.51, 95% CI 0.32-0.81), external
joint supports (OR: 0.40,95% CI 0.30-0.53), and specif-
ic training programs (OR: 0.55, 95% CI 0.46-0.66) *.
Further, the pooled estimate of randomized controlled
trials examining a preventative effect of neuromuscular
training in the reduction of lower extremity injuries in
youth team sport (soccer, European handball, basketball)
demonstrates a significant overall protective effect injury
(incidence rate ratio: IRR=0.64 (95% CI 0.49-0.84) or a
36% reduction in lower extremity injury risk.?' Clearly,
much can be done to reduce injury risks in young ath-
letes.

The present study also tried to shed some light on the
possible associations between training volume (number
of sessions and hours trained per week), antecedent sport
participation and the participants’ injuries. While our
findings failed to reveal significant associations, possibly
because of the low sample size, other studies suggest that
athletes exposed to a higher training load, including high
intensity, and high number of hours of training, are facing
a higher risk of injury.”** Little is known about the long-
term consequences of antecedent sport participation and
the development of overuse injuries.!> Use of more specif-
ic measures of early specialization, instead of antecedent
sport participation (as a potential risk factor) may contrib-
ute to delineating possible risks. For instance, number of
antecedent sport disciplines, amount of training per age
group, and competitive level and number of years in the
specialized and non-specialized sport disciplines may be
factors to consider.
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This study contributed to enhancing knowledge on
multiple facets related to the field of sport traumatology.
Our results suggest further investigation about the poten-
tial confounding effect of contact, and propose investigat-
ing among a larger pool of athletes. From this perspective,
it would be relevant in future research designs to identify
individual sport disciplines, which could be categorized
as contact sports and therefore explain more precisely
injury patterns. To our knowledge, this is the first study
to provide a detailed portrait of the athletes within their
teaching institution. From this perspective, our study
suggests the need for coaches to consider recommending
regular medical follow-ups of athlete’s and injury preven-
tion programs. Further research should focus on a larger
scale data collection to have a more detailed picture of
university athletes’ injury profile.

The data collection procedures used for this investiga-
tion contributed to gathering relevant information related
to athletes’ injuries, and contributed to helping health care
team in their interventions (e.g. prevention, follow-ups).
The questionnaire was adapted to the needs of our stake-
holders (coaches, athletes, medical staff and researchers)
wishing to more effectively monitor athlete’s progress.

Despite its strengths, this study has several limitations.
First, our sample was relatively small. This constraint
limits generalization of the results to other athletic popu-
lations, and to other universities’ sports programs. A lar-
ger scale study, involving other provincial varsity sport
programs would allow for a more complete description
of Quebec’s university athletes’ profile. Second, self-re-
port measures have the potential of recall bias, which
can influence the results. Antecedent research showed
that recall was associated with multiple challenges in a
12-month recall period among Australian football play-
ers.”* In study recall bias was very likely, and participants
may have reported only what they perceived as their most
important injuries, resulting in a biased estimation of their
lifetime injuries. To reduce such potential limitations, fur-
ther studies should consider the feasibility of prospective
study designs, an approach that would provide more valid
estimates of antecedent injuries. Third, our categorization
of sport injuries lacked specificity. More detailed injury
records about each athlete would have contributed to es-
timating their injury patterns more precisely, which could
have provided a better explanation of their mechanisms.
Moreover, using a standardized injury classification tool
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(e.g. the Orchard Sport Injury Classification®, the Sport
Medicine Coding System*®) would also have provided a
more detailed profile for each athlete. Fourth, measuring
antecedent sport participation using a single item may not
properly capture the essence of the domain. Last, as with
any cross-sectional design, the causative aspects remain
untested. We cannot rule out the possibility that reported
injuries caused risk factors (e.g., reduced number of
training sessions or hours per week and antecedent sport
participation) or that another unmeasured variable is the
potential cause of both risk factors and injuries. Future
studies should prospectively explore the incidence rate
and injury risk factors among competitive sport athletes
across several universities and other competitive sports
outside of the collegiate system.

Conclusion

Injuries are common among university-level athletes.
This study revealed that competitive athletes sustained
on average more than two injuries each year, with ankle,
knee and shoulder injuries being most frequently reported.
Further, the injury profile appears to differ according to
type of sport, with acute injuries being more common in
team sports and overuse injuries in individual sports. The
high prevalence of injuries among university-based ath-
letes should be of concern to athletes, coaches and sport
administrators as all have an important role to play in
designing tailored injury prevention programs. Nonethe-
less, further studies should aim to include athletes from
multiple varsity sport university programs, and consider
prospective research designs to provide a fuller picture of
the injury profile among these athletes.

Practical Implications

e This study suggests that the high prevalence
of injuries is a major issue among university
level athletes, especially acute injuries.

e Stakeholders should consider that sport injury
mechanisms (and injury profile) differ be-
tween sport disciplines. Further analyses are
needed among other sport disciplines.

* A greater understanding of sport-specific in-
jury mechanisms may help reduce the risk of
injuries among university athletes.
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Introduction: The association between depression,
somatization and low back pain has been minimally
investigated in a Canadian emerging adult population.
Methods: 1013 first year Canadian university students
completed the Modified Zung Depression Index, the
Modified Somatic Perception Questionnaire, and a
survey about low back pain frequency and intensity.
Multinomial logistic regression was used to measure
associations between low back pain and depression and
somatization, both independently and co-occurring.
Results: Over 50% of subjects reported low back pain
across grades, and both depression and somatization
were significantly positively associated with low back

Introduction : L’association entre la dépression, la
conversion et la lombalgie a fait I’objet de trés peu
d’études au sein d’une population adulte émergente
canadienne.

Meéthodologie : Au total, 1 013 étudiants
universitaires canadiens de premiére année ont rempli
Uindice de dépression de Zung modifié, le questionnaire
de perception somatique modifié et un sondage sur la
fréquence et l'intensité de la lombalgie. On a utilisé
la régression logistique multinominale pour mesurer
les associations entre la lombalgie, la dépression
et la conversion, tant de facon indépendante que
cooccurrente.

Résultats : Plus de 50 % des sujets ont déclaré de
la lombalgie sur plusieurs stades et tant la dépression
que la conversion étaient associées de maniére positive
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pain. Several positive associations between the co-
occurrence of somatization and depression with various
grades of low back pain were observed.

Discussion: These results suggest that low back pain,
depression and somatization are relatively common at
the onset of adulthood, and should be considered an
important focus of public health.

(JCCA. 2017;61(2):96-105)

KEY WORDS: chiropractic, low back pain, depression,
association, somatization

D Robertson, D Kumbhare, P Nolet, J Srbely, G Newton

et étroite a la lombalgie. On a observé plusieurs
associations positives entre la cooccurrence de la
conversion et de la dépression et divers stades de
lombalgie.

Discussion : Ces résultats laissent entendre que
la lombalgie, la dépression et la conversion sont
relativement communes au début de I’dge adulte et
doivent représenter un facteur important en santé
publique.

(JCCA. 2017;61(2):96-105)

MOTs CLES : chiropratique, lombalgie, dépression,
association, conversion

Introduction
Low back pain is one of the most common musculoskel-
etal conditions worldwide, with a lifetime prevalence of
84.1%". LBP is the leading cause of years lived with dis-
ability? and is associated with worse health-related quality
of life*. This prevalence has been widely investigated in
studies across a variety of populations, including adoles-
cents and adults. However, fewer studies have specifically
investigated the prevalence of back pain during “emer-
ging adulthood”, particularly in a Canadian population,
which is typically defined as ages 18 to 26.* It is dur-
ing this time when individuals experience an increased
amount of responsibility and independence with respect
to their lifestyle choices, and begin to establish long-last-
ing behaviours that are associated with long-term health
risks.’ Importantly, while behaviours during this period
may be linked to chronic disease later in life, they may be
amenable to change.’ For this reason, evaluation of low
back pain and associated risk factors during the emerging
adult period is warranted, and may highlight viable tar-
gets of behavioural and clinical interventions.
Consideration of psychological factors may be particu-
larly relevant in the emerging adult population, who ex-
perience high rates of depression.®” Depression has been
shown quite consistently to be associated with back pain
in the general adult population®?, although research look-
ing specifically at the association between back pain and
depression in emerging adults is limited and equivocal,
and to our knowledge, this association has not been in-

J Can Chiropr Assoc 2017; 61(2)

vestigated in a Canadian context. For example, in a study
of 973 male and female college students in the United
States by Kennedy et al.', psychological factors like feel-
ing sad, exhausted, and overwhelmed were directly asso-
ciated with the prevalence of low back pain. Similarly,
Unalan et al."" found that scores on the Zung Depression
Index were associated with back pain in their study of
250 Turkish vocational students. In contrast, a study of
170 female nursing students in Australia by Mitchell et
al.”* found that there were no differences in depression
scores between low back pain and control students. While
it seems likely that back pain would be similarly associat-
ed with depression in the emerging adult population, the
definitiveness of this conclusion is limited by the small
number of research studies in this area.

Heightened somatic awareness, also known as som-
atization, is associated with depression'®, which makes
it logical to explore these psychological factors concur-
rently. Somatization is defined as a “complex array of
behaviors characterized by an abundant usage of body
expressions and language to convey feelings of person-
al complaint and social distress, amplifying or distorting
sometimes subtle physiological changes”', and somatiz-
ation can be clinically diagnosed as a somatoform dis-
order when physical symptoms suggestive of illness or
injury are unexplainable by a known medical condition'.
Clinical co-occurrence of depressive and somatoform
disorders is quite common.'® As with depression, soma-
tization symptoms have been positively associated with
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low back pain in a general adult population'’, although
a recent study found that patients with chronic low back
pain were no more likely to be diagnosed with somato-
form disorders than patients without back pain'®. Both de-
pression and somatization have been found to co-occur in
adult patients with non-specific chronic low back pain."”
Somatoform disorders are known to occur in adolescents
and young adults**?!, although the association between
somatization and low back pain, and the co-occurrence
of depressive and somatization symptoms with low back
pain, have been minimally investigated in an emerging
adult population in general and in Canada specifically.

Given the lack of literature regarding the association
between low back pain and depressive and somatization
symptoms in an emerging Canadian adult population,
the purpose of the present study was to investigate these
associations in a sample of first year students at a Can-
adian university. It was hypothesized that as in the general
adult population, depressive and somatization symptoms
would be positively associated with low back pain in an
emerging adult population. The results of this study will
provide novel insight into the potential co-occurrence of
these conditions within an emerging adult population and
inform future research in the therapeutic management and
prevention of low back pain.

Methods

Participants

Subjects were undergraduate students enrolled in a first-
year biology course at the University of Guelph in Fall
2011, Winter 2012, Fall 2012, and Winter 2013. As part
of the course, students completed health questionnaires
and surveys that were incorporated in the laboratory por-
tion of the course curriculum. Students received 0.5% for
completion of each survey. The questionnaires and sur-
veys were linked to the topics that were covered in the
course, including back pain and mental health. The pur-
pose of completing the questionnaires and surveys was to
provide students with feedback regarding their personal
experiences with these health issues. Students were en-
couraged to seek medical help for health problems iden-
tified through the course of survey and questionnaire
completion, and were directed to Student Health Services
for assistance. During the final week of the semester, the
researchers presented the purpose of the study to the stu-
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dents and requested their informed consent to analyze the
data previously collected. A total of 1013 students (781
female and 205 male students) provided consent to have
their survey data analyzed, which represents 31% of all
students enrolled in the course. This study was approved
by the Research Ethics Board at the University of Guelph.
All students in each course were invited to participate in
the study, and consenting subjects gave written consent to
have collected data analyzed. Because students complet-
ed the surveys as part of the course, no inclusion or ex-
clusion criteria were applied to aggregate course data col-
lection. The exclusion criteria applied for participation in
the research study was that students must have completed
the three surveys in their entirety, although personal data
regarding subject gender and age could be missing. Due
to the nature of data collection in this study, information
on confounding variables was not collected.

Surveys

The questionnaires completed by students included the
Modified Zung Depression Index, the Modified Somatic
Perception Questionnaire, and questions about low back
pain frequency and intensity.

The Modified Zung Depression Index is a validated,
self-administered rating scale that has been used to iden-
tify depression.?? The modified version of Zung’s original
scale was developed by Main et al.* as part of the Dis-
tress and Risk Assessment Method that is used as a psych-
ological assessment screening tool for those with chronic
pain and back pain. The Distress and Risk Assessment
Method also assists in the classification of patients into
those showing no psychological distress, those at risk and
those distressed.”® It helps guide the clinician to whether
a more comprehensive psychological or psycho-physic-
al assessment is warranted. The Modified Zung Depres-
sion Index is scored using an adjectival scale with 4 re-
sponse categories, ranging from “not at all all/little of the
time” (score 0) to “most of the time” (score 3). The total
score (sum score for all 23 items) ranges from 0 to 69
points. Those scores less than 16 are considered “nor-
mal”, those between 17 and 33 are considered “at-risk™
and those above 34 are considered “depressive”. Several
studies have investigated the validity and reliability of the
Zung index with good outcomes, as reviewed in Mariush
(2009) 2

The Modified Somatic Perception Questionnaire is a
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13 item self-report scale for patients with chronic pain
or disabilities.. It can help identify somatic complaints
that may be associated with psychological responses such
as anxiety or depression.” The scale was developed by
Main as a clinical screening instrument to measure som-
atic and autonomic perception in patients with low back
pain and other chronic pain problems.? The questionnaire
was designed to identify psychological distress in patients
with low back pain and provide information to facilitate
the distinction between physical pathology and illness be-
haviour.” The questionnaire includes questions about the
occurrence in the last week of various symptoms such as
nausea, sweating or feeling faint. The Modified Somat-
ic Perception Questionnaire is scored using an adjectival
scale with 4 response categories ranging from “not at all”
(0 points) to “could not have been worse” (3 points) for
each item. The 13 items that are scored are denoted with
an asterisk in Table 3. The total score (sum score of all
13 items) ranges from O to 39. Those total scores below
12 are considered “at-risk” and those scores above 12 are
considered “distressed”. It is important to note that the
“at-risk” category includes very low somatization scores,
and therefore, for the purposes of the present analysis,
this category will be considered as “non-distressed”. The
Modified Somatic Perception Questionnaire has an inter-
nal consistency of alpha =0.78, and it is significantly cor-
related with the Zung Depression Index.*

Students were also asked to identify the frequency of
past or present low back pain, using a four point scale
of never, once, intermittent, or chronic. They were also
asked to identify the intensity of past or present low back
pain, using a four-point scale of none, mild, moderate or
severe. Frequency and intensity of low back pain were
combined and divided into four graded categories to make
a single dependent variable for data analysis. Four levels

Table 1.
Grade of low back pain.

Grade | Description (Frequency + Intensity)

0 None or a single episode with mild intensity

Intermittent or chronic episodes with mild intensity

Single episode of moderate to severe intensity

Intermittent or chronic episodes with moderate to

W | =

severe intensity
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of grade of low back pain were determined as illustrated
in Table 1. No clinimetric values are available for the low
back pain survey.

Statistical Analysis

All statistical analyses in this study were conducted
in consultation with a statistician at the University of
Guelph. All tests were done with SPSS version 20. Using
logistic regression, a full model was constructed which
included somatization and depression as main effects
along with somatization by depression as an interaction
term. The interaction term was found to be non-signifi-
cant (p=0.575) and was not included in the model. For
both models, the Likelihood Ratio Chi-Square test and
Pseudo-R squared test (p<0.05) indicates the full model
statistically predicts the dependent variable better than
the intercept-only model alone. For the investigation of
low back pain and somatization, the “non-distressed” cat-
egory was used as the reference, while for low back pain
and depression, the “normal” category was the reference
group. Using Pearson Chi-Square test, the association
between somatization and depression was found to be
significant (p<0.05). Therefore, to investigate the specif-
ic associations between the co-occurrence of depression
and somatization with LBP, the categories of depression
and somatization were combined as follows: Non-dis-
tressed/At-risk Depression, Non-distressed/Depressed,
Distressed/Normal Depression, Distressed/At-Risk De-
pressed, and Distressed/Depressed. The combination of
the Non-Distressed and Normal Depression categories
was used as the reference. This statistical approach is con-
sistent with methods used to analyze categorical data?’,
and determines the odds ratio (OR), which represents an
index of effect, or effect size. Confidence intervals (CI)
were also determined. Significance was accepted at p <
0.05. Descriptive statistics models were also used to de-
termine the prevalence of low back pain within the study.

Results

Subject Characteristics and Prevalence of

Low Back Pain

Subject characteristics including gender, age, prevalence
of LBP by grade, and scores on the Zung Depression
Index and Modified Somatic Perception Questionnaire
are reported in Table 2. The grade of low back pain as a
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Table 2.
Subject Characteristics and Prevalence of
Low Back Pain
Descriptive Statistics n %
Sex
Male 205 20.8
Female 781 79.2
TOTAL 986
Age (years)
<17 4 04
17 56 5.7
18 653 66.3
19 197 20.0
20 30 30
21 15 1.5
22 12 1.2
>22 18 1.8
TOTAL 985
Modified Zung Depression
Index
Normal 434 42.8
At-Risk 484 478
Depressive 95 94
TOTAL 1,013
Modified Somatic Perception
Questionnaire
At-Risk 899 88.7
Distressed 114 11.3
TOTAL 1,013
Low Back Pain Grade
0 496 49.0
1 252 249
2 55 54
3 210 20.7
TOTAL 1,013

function of gender is illustrated in Table 3. It should be
noted that 27 subjects (2.6%) elected to not disclose their
gender and were excluded from the analysis of low back
pain and gender. Similarly, 28 subjects (2.7%) elected to
not to disclose their age. Notably, a total of 49% of the
population were classified as grade 0, 24.9% of the popu-
lation were classified as Grade 1, 5.4% of the population
were classified as Grade 2, and 20.7% of the population
were classified as Grade 3. There were more females than
males in the subject sample, resulting in more females
in each category of low back pain grade. The percent-
age of each grade within genders was quite comparable,
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Table 3.
Grade of Low Back Pain by Gender
Grade Male Female Total
0 Count 118 368 468
% within grade 24 3% 757% | 100%
% within gender 57.6% 47.1% 49.3%
1 Count 46 200 246
% within grade 18.7% 81.3% | 100%
% within gender 22.4% 25.6% 24.9%
2 Count 10 41 51
% within grade 19.6% 80.4% | 100%
% within gender 4.9% 52% 52%
3 Count 31 172 203
9% within grade 15.3% 84.7% | 100%
9% within gender 15.1% 22.0% 20.6%
Total |Count 205 781 986
% of Total 20.8% 792% | 100%
Table 4.
Low Back Pain and Somatization
Grade %‘;‘t‘;‘;:y Sig | pads 95% CI
1 Distressed | 0.001* | 2.594 1.505 to 4.471

2 Distressed | 0.305 1.672 0.626 to 4.465

3 Distressed | 0.000* | 3.219 1.873 to 5.533

Legend: *p<0.05

although there were 10.5% more males in the grade 0
category, and 6.9% more females in the grade 3 category.
Ninety five percent of subjects were between the ages of
17 and 20.

Low Back Pain and Somatization

Table 4 presents the unadjusted OR and 95% CI for the as-
sociation between low back pain and somatization symp-
toms. The mean + SD score for the Modified Somatic
Perception Questionnaire was 6.52 + 4.168. The analyses
demonstrate that those in the emerging adult population
falling within the distressed category of somatic percep-
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Table 5.
Low Back Pain and Depression

LBP |Depression Odds
Grade | Category Ratio

1 Depressive | 0.810 | 1.077

Sig 95% CI

0.589 to 1.968

2 Depressive | 0.468 1.510 0.496 to 4.598
3 Depressive | 0.116 | 1.642 0.884 to 3.049
1 At-Risk 0.132 | 1.282 0.928 to 1.771
2 | At-Risk 0.026* | 2.002 1.088 to 3.684
3 At-Risk 0.001* | 1.874 1.310 to 2.681

Legend: *p<0.05

tion are more likely than people in the non-distressed cat-
egory to have low back pain. Individuals in the distressed
somatic perception category were 2.594 times more likely
to report grade 1 low back pain and 3.219 times more
likely to report grade 3 low back pain than those in the
non-distressed category. A non-significant direct associ-
ation was seen between grade 2 low back pain and som-
atization.

D Robertson, D Kumbhare, P Nolet, J Srbely, G Newton

Low Back Pain and Depression

Table 5 presents the unadjusted OR and 95% CI for the
association between low back pain and depressive symp-
toms. The mean + SD score for the Modified Zung De-
pression Index was 19.14 + 9.796. The analyses demon-
strate that people in the at-risk category of depression were
more likely than people in the normal depression category
to be classified as having low back pain. Significant asso-
ciations were observed for the at-risk depression category
and grades 2 and 3 low back pain, whereby individuals
in the at-risk depression category were 2.002 times more
likely classified with grade 2 and 1.874 time more likely
to be classified with grade 3 low back pain than those in
the normal depression category. Non-significant direct as-
sociations were seen between the depressive category of
depression and grade 2 and 3 low back pain, and the at-risk
depression category and grade 1 low back pain.

Low back pain, Depression and Somatization
Co-occurrence

Table 6 presents the unadjusted OR and CI for the as-
sociation between low back pain and the co-occurrence
of depressive and somatization symptoms. The analy-

Table 6.
Low Back Pain Grade and Co-Occurrence of Symptoms
LBP Grade Combined Category Sig (Odds Ratio 95% CI
1 Distressed/Depressed 0.143 1.837 0.815to 4.141
1 Distressed/At-Risk Depression 0.000%* 3.966 1.855t0 8.482
1 Distressed/Normal Depression 0.012* 5.845 1.481 to 23.069
1 Non-distressed/Depressed 0.241 1.525 0.754 to 3.086
1 Non-distressed/At-risk Depression 0.121 1.303 0933to 1.819
2 Distressed/Depressed 0416 1.906 0402 to 9.026
2 Distressed/At-Risk Depression 0.066 3.574 0.920 to 13.886
2 Distressed/Normal Depression 0.186 4.765 0.470 to 48.289
2 Non-distressed/Depressed 0.348 1.864 0.508 to 6.839
2 Non-distressed/At-risk Depression 0.023%* 2.073 1.107 to 3.881
3 Distressed/Depressed 0.001* 3.857 1.790 to  8.309
3 Distressed/At-Risk Depression 0.000* 7.393 3.489 to 15.666
3 Distressed/Normal Depression 0.103 3.857 0.760 to 19.571
3 Non-distressed/Depressed 0.068 2012 0950 to 4.264
3 Non-distressed/At-risk Depression 0.002* 1.813 1.252to0 2.624

Legend: *p<0.05
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ses demonstrate that there was a significant association
between the co-occurrence of the distressed category of
somatization and the category of at-risk depression with
grade 1 and 3 LBP. This association was strongest for sub-
jects in the grade 3 category of low back pain. Subjects
in the grade 3 category of low back pain also showed a
strong association with the co-occurrence of the dis-
tressed category of somatization and the depressed cat-
egory of depression.

Discussion

The objective of this study was to investigate the associ-
ations between low back pain, depression and somatiz-
ation, both independently and co-occurring, in an emer-
ging adult population. Our findings demonstrate that both
depression and somatization are positively associated
with low back pain, both independently and co-occurring.
These results are consistent with the literature regarding
low back pain, somatization, and depression in a gener-
al adult population and suggest that these conditions are
relatively common at the onset of adulthood.

The results of this study support the evidence that low
back pain is quite prevalent in an emerging adult popula-
tion, with over half of the participants reporting current or
past low back pain across grades. Subjects in this study
most commonly reported experiencing back pain in the
lowest grade category, with nearly 25% reporting inter-
mittent or chronic episodes of mild intensity. Another
nearly 21% reported intermittent or chronic episodes with
moderate to severe intensity while only 5% experienced
a single episode of moderate to severe intensity. These
results are comparable to those previously reported by
Cakmak et al.?® who examined the prevalence and risk
factors associated with low back pain in an emerging
adult population in Turkey. The authors surveyed 1,552
university-aged students between 17 and 26 years of age
and reported a low back pain prevalence of 40.9% within
this population and the prevalence increased with age.”®
A similar study by Falavigna et al.? evaluated the asso-
ciation between physiotherapy and medical students with
a mean age of approximately 22 years, and reported an
even higher lifetime prevalence of low back pain at nearly
80%. While differences in study outcomes exist within
the in the emerging adult population, there are a variety
of factors to which these differences may be attributed
including questionnaires, subject characteristics, study
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design and cultural differences. Despite these differences,
existing studies demonstrate that low back pain is a com-
mon occurrence during early adulthood years.

One relevant consideration regarding low back pain
prevalence in the present study is the younger age of this
population (17-22 years, with 95% between ages 17 and
20) which falls on the lower end of the emerging adult
range and spans the later years of adolescence. A recent
meta-analysis of low back pain in children and adoles-
cents found that the lifetime prevalence of low back pain
was approximately 40%, further showing a positive as-
sociation with age.*® In addition to previously described
Cakmak er al.®®, an association of age with low back pain
was similarly observed in a study by Taspinar et al.*', who
found that University students under 19 years of age ex-
perienced less severe back pain than those over 19 years.
Similarly, the prevalence of back pain in a general adult
population is higher than in children and/or adolescents,
with prevalence rates approaching 80%.!%2% To this ex-
tent, the results of the present study are consistent with
prior literature demonstrating that low back pain preva-
lence increases with age, placing the emerging adult
population on a continuum including childhood, adoles-
cence, and later adulthood.

Low back pain has also consistently been shown to be
associated with depression in adults across observational
studies, with research suggesting that people experiencing
depression are approximately 60% more likely to develop
back pain in their lifetime versus non-depressed people .
This has important implications on the potential impact of
low back pain to society, since the presence of depression
has been shown to have a negative effect on the course
of recovery of low back.** Persistent low back pain also
increases the risk of developing depressive symptoms.*
In the present study, the odds of participants in the at-risk
categories of depression reporting low back pain were
increased, with significant associations observed at the
higher grades of low back pain. This observation suggests
that, in a young emerging adult population, depression is
a risk factor for low back pain and is consistent with the
findings across later adulthood. These findings align with
previous research by Kennedy ef al.!° and Unalan ez al !,
who reported similar associations between low back pain
and depressive symptoms. Only one study did not observe
a difference in depression scores between low back pain
and control students'?, however, this study was limited
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by small sample size of subjects reporting depression.
Despite this, the collective literature in this area strongly
supports an association between low back pain and de-
pression in both emerging and general adult populations.

As with depression, somatization has also been asso-
ciated with low back pain in adults'’, with strong asso-
ciations also observed with low back pain severity and
disability'. In contrast to depression, the association be-
tween low back pain and somatization in both the emer-
ging and general adult populations is poorly understood
owing to the limited research attention it has received.
Only one recent study in adults failed to show any re-
lationship between somatization and low back pain out-
comes.'®

The results of the present study provide evidence for
an association between somatization and low back pain
in a young emerging adult population. Participants in the
distressed category of somatization were more likely to
experience low back pain than those in the non-distressed
category and this association was particularly robust for
the highest grade of low back pain defined as intermit-
tent or chronic episodes with moderate to severe inten-
sity. The similarities in findings between low back pain,
somatization and depression are unsurprising given the
established relationship between these psychological fac-
tors in the literature.'® Furthermore, the observed relation-
ship between low back pain and the co-occurrence of low
back pain with depressive and somatization symptoms are
consistent with the literature that somatic perception and
depression are risk factors for low back pain in gener-
al adulthood™, and the co-occurrence of depression and
somatization in adults with low back pain'®.

Consideration of psychological factors in relation to
low back pain is highly relevant. It has been suggested
that negative psychological attributes such as pain catas-
trophizing and pain-related fear avoidance behaviour,
heightened somatic awareness and depression are all as-
sociated with greater perceptions of pain and disability.*’
Gatchel et al *® proposed that there are clear differences in
the role of emotional distress in high-risk acute back pain
vs. high-risk chronic back pain, as patients with chron-
ic low back pain have shown to have worsened psycho-
social sequelae relative to acute low back pain patients.
This suggests that these maladaptive psychosocial symp-
toms may be related to the development of the chronicity
of pain.*® In a 2002 systematic review of psychological
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factors associated in the development of back pain chron-
icity, Pincus er al.** found evidence for the role of som-
atization, distress and depression in the transition from
acute to chronic low back pain. Although the present
study suggests that depression and somatization is a risk
factor for low back pain in emerging adults, it does not
resolve the mechanism(s) that may be responsible for the
association between these variables. Crombie ef al.** have
suggested that pain is a manifestation of the interaction
of cognitive, emotional, motivational, behavioural and
physical components, while Carroll et al.*' suggest that
the influence of depression and somatic perception can
influence low back pain in a number of ways such as pas-
sive coping. Further investigation is needed to elucidate
the pathways and chronology between low back pain and
somatic perception.

There are several limitations that should be considered
in the interpretation of the results of this study, the most
significant of which being our inability to control for
confounding variables that are known to influence back
pain. For example, several factors have been shown to
influence back pain in University students, including
smoking, class attendance, using a computer and using
lumbar support.’! Other factors such as age, sex, inact-
ivity, obesity and race have also been identified as risk
factors for the development of back pain in children, ado-
lescents and adults.*>** Although these variables were not
collected as part of the present study, the strength of the
observed associations and the consistency of our find-
ings with previous literature supports the validity of our
observations. As well, this study is limited to University
students enrolled in one class at a single Canadian institu-
tion, which may not be representative of the diversity of
the emerging adult population. It should also be noted that
a minority of students enrolled in the classes under in-
vestigation consented to participate in the research study,
and that not all subjects provided data for all outcomes,
such as gender and age. However, by recruiting subjects
across four classes, our total sample size was quite large,
and the number of subjects without all data points rep-
resents only a small fraction of the total subject sample.
It should also be acknowledged that the early mean age
of our sample does not capture the demographics of the
broad emerging adulthood population. In spite of this,
low back pain has been shown to be a significant issue
throughout the world®, and the collective geographically
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specific studies has not shown large differences between
populations. Low back pain has been studied specifically
in Canadian adults' and adolescents*, and low back pain
has been shown to be the strongest predictor of major de-
pression in a Canadian adult population*’. As well, sub-
jects’ assessment of low back pain may also be subject
to recall bias and subject bias, and there is a slight risk of
bias due to the provision of grades for completion of the
health surveys. A final limitation of the present study is
that the clinical significance of the odds ratios calculated
in this study are unclear, although it should be noted that
Deyo et al *® found that the Modified Somatic Perception
Questionnaire was only weakly associated with pain out-
comes.

In conclusion, the results of this study demonstrate a
high prevalence of low back pain in an emerging adult
population and that low back pain is directly associated
with depression and somatization. These findings are con-
sistent with previous research in adult, emerging adult and
adolescent populations. Future studies should examine
whether there is an increasing incidence of low back pain
and depression and somatization across the full age range
spanning the emerging adult population, and aim to eluci-
date potential mechanisms underlying the association of
these variables. The significant burden of musculoskeletal
pain and psychological suffering highlights an urgent need
for development of preventive interventions targeting this
population. We suggest that interventions could be directly
integrated into academic curriculums at Universities and
colleges given their broad inclusion of the emerging adult
population, and should be considered an important target
of public health and prevention initiatives.
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Systematic review and meta-analyses of the
difference between the spinal level of the
palpated and imaged iliac crests

Robert Cooperstein, MA, DC!
Felisha Truong'

Objective: The purpose of this study was to undertake
a systematic review of the literature to determine and
compare, for patient sub-groups, the spinal level of the
iliac crests as commonly measured through manual
palpation and radiographic imaging procedures.

Methods: Relevant citations were retrieved by
searching the PubMed, ICL, CINAHL, AMED,
Osteopathic Research Web, OstMed, and MANTIS
biomedical databases, and included articles were rated
for quality. Search terms included Tuffier*, intercristal
line, intercrestal line, Jacoby's line, lumbar spine,
lumbar landmark, pelvic landmark, palpation, and TL
(Tuffier’s Line). Meta-analyses were performed on the
full datasets as well as subsets based on various patient
demographics.

Results: Original search strategies retrieved 1301
citations; 47 articles were used for qualitative synthesis
and 31 for meta-analyses. Across these studies imaged

Objectif : Cette étude visait a entreprendre un examen
systématique de la littérature dans le but de déterminer
et de comparer, pour les sous-groupes de patients,

le niveau rachidien des crétes iliaques comme on le
mesure souvent par palpation manuelle et imagerie
radiographique.

Meéthodologie : On a tiré des citations pertinentes
par le biais d’une recherche dans les bases de données
médicales PubMed, ICL, CINAHL, AMED, Osteopathic
Research Web, OstMed, et MANTIS, et les articles
compris étaient cotés aux fins de qualité. Les termes de
recherche comprenaient Tuffier*, ligne intercréte, ligne
de Jacoby, colonne lombaire, repere lombaire, repere
pelvien, palpation et LT (ligne de Tuffier). On a effectué
des méta-analyses des ensembles de données completes,
ainsi que des sous-ensembles, fondées sur les diverses
données démographiques sur les patients.

Résultats : Les premiéres stratégies de recherche ont
permis de tirer 1 301 citations; on a utilisé 47 articles
aux fins de synthese qualitative et 31 pour des méta-
analyses. A ’échelle de ces études, les crétes imagées

' Palmer College of Chiropractic, San Jose CA

Corresponding author:

Robert Cooperstein

Palmer Chiropractic College, San Jose CA 94577
Tel: 510-207-6009

Fax: 408-944-6009

E-mail: Cooperstein_r@palmer.edu

Disclaimer: Neither of the investigators have any commercial or other conflict of interest associated with this project.

© JCCA 2017

106

J Can Chiropr Assoc 2017; 61(2)



crests were found to be most consistent with and closest
to the L4-5 interspace in females and L4 spinous process
in males. In comparison, the spinal level for the palpated
crests was nearest to the L3-4 interspace in males and
females. The palpated crest line was 0.7 levels cephalad
to the imaged crest line in males, and 1.0 levels cephalad
to the imaged line in females.

Discussion and Conclusions: During manual
palpation, the examiner’s fingers contact soft tissue
overlying the iliac crests, thereby usually identifying the
L3-4 spinal level rather than the assumed L4-5 level.
Palpating iliac crests to guide anesthetic injections or
manual therapy without appreciating these findings can
be hazardous or lead to suboptimal patient care.

(JCCA. 2017;61(2):106-120)

KEY WORDS: chiropractic, palpation, ilium,
radiography, anatomic landmarks, lumbar vertebrae

R Cooperstein, F Truong

étaient les plus conformes et proches de I’espace
intercostal L4-5 des femmes et de I’apophyse épineuse
L4 des hommes. Comparativement, le niveau rachidien
des crétes palpées était plus pres de I’espace intercostal
L3-4 des hommes et des femmes. La ligne de créte
palpée était de niveau 0,7 vers la téte par rapport a la
ligne de créte imagée des hommes et de niveau 1,0 vers
la téte par rapport a la ligne imagée des femmes.

Discussion et conclusions : Lors de la palpation
manuelle, les doigts de I’examinateur touchent aux
tissus mous qui recouvrent les crétes iliaques, ce qui,
en général, détermine de ce fait le niveau rachidien
L3-4 plutét que le niveau L4-5 présumé. La palpation
des crétes iliaques visant a guider les injections
anesthésiques ou la thérapie manuelle sans souscrire a
ces constatations peut s’avérer dangereuse ou mener a
des soins sous-optimaux aux patients.

(JCCA. 2017;61(2):106-120)

MOTS CLES : chiropratique, palpation, ilion,
radiographie, reperes anatomiques, vertebre lombaire

Introduction

Practitioners in the health care professions use anatomical
landmarks to identify spinal levels, both to enhance diag-
nostic accuracy and specifically target the site of inter-
ventions. Anesthetists require precise placement of epi-
dural catheters to optimize postoperative analgesia and
minimize adverse effects. Anatomic landmarks have been
used to locate acupuncture points', and surgeons may in
part base the location to begin incision on the location
of anatomical landmarks*P'®. Manual therapists palpate
spinal and pelvic structures to determine boney symmetry
and movement capacities. These procedures may involve
using anatomical landmarks to numerate spinal levels.
To identify lumbar levels, clinicians generally use the
iliac crests as a landmark, which are generally thought
based on imaging studies, to lie at L4 or L4-5. The line
drawn across the superior aspect of the crests is usually
called Tuffier’s line (TL)?, but has also been called the
intercrestal line*, intercristal line’'® or Jacoby’s line''.
Other lumbar and thoracic levels are generally identified
by counting up or down from the putative location of L4

J Can Chiropr Assoc 2017; 61(2)

or L4-5. Although Render'? and others convincingly dem-
onstrated the accuracy of this landmark rule based on the
imaged TL, the accuracy and reliability of identifying the
L4 level by manually palpating the crests remains in ques-
tion.

For instance, several studies have evaluated the accur-
acy of static palpation, which generally uses the palpated
iliac crests to identify the L4-5 interspace; these studies
have consistently reported errors such that the identified
spinal level is almost always cephalad to the intended
spinal level” *® In such studies a radio-opaque marker
is applied to the skin at the presumed vertebral level, the
location of which is then compared to the actual level as
established by an imaging procedure'. Chakraverty’s’ re-
search convincingly illustrated the basis for this system-
atic bias: that is, that the spinal level of the palpated crests
is more cephalad than the spinal level of TL as seen on
imaging studies. Chakraverty et al.” found that although
imaging associated TL with either the L4 or L4-5 spinal
levels in 86.7% (mostly female) patients, the spinal level
identified using the palpatory crest method was either the
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Figure 2.
White markers indicate the spinal level of the palpated

L3 or L34 spinal levels in 77.3% of cases, most com-
monly in females and in patients with higher body mass
indices (BMlIs). Findings by Kim* also underscore the
difference between spinal levels identified through im-
aging and palpatory methods (Figure 2). Several auth-
ors’?'"» have pointed out that when an examiner’s fingers
are placed on the “iliac crests”, in reality the palpator is
compressing soft tissue (in some cases quite a lot of soft
tissue) between the fingertips and the crest; this may help
to explain the bias toward cephalad measurement errors.

Since palpation and imaging studies have typically re-
ported their data in terms of the frequencies with which
the iliac crests intersect the L4-5 or other spinal level,
rather than in terms of the mean spinal levels and their
95% confidence intervals, it has been difficult to ascertain
the precise association and variability of spinal levels as
measured with palpatory or imaged methods. The purpose
of this study was to undertake a systematic review of the
literature and perform meta-analyses on data for patient
sub-groups for the spinal level associated with TL as es-
tablished by both imaging and palpatory methods, and to
report the data in a clinically meaningful way as mean
locations and 95% confidence intervals.

Ultimately, this study intended to determine if a com-
mon strategy could be suggested for clinicians, especially
manual therapists and anesthetists, to improve their ability
to accurately locate lumbar and perhaps thoracic vertebral
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levels, by using TL or possibly an alternative anatomical
structure as a landmark.

Methods

The primary inclusion criterion for an article to be in-
cluded in this review was that it concerned the location of
the spinal level of TL as established through either com-
parison with an imaging reference standard or through
manual palpation. An included article, either an imaging
or palpation study, did not have to explicitly aim at estab-
lishing the spinal location of Tuffier’s Line, so long as this
information could be extracted from the reported results.
Exclusion criteria included: reporting results in a manner
that precluded calculation of mean location of TL and its
standard deviation®*?®; cadaveric studies®*?'; studies on
the accuracy of identifying L4 or L4-5 but not in relation
to TL'-2; studies with a very small sample size'®; stud-
ies utilizing a non-imaging reference standard®; and re-
view/commentary articles. Databases consulted included
PubMed, ICL, CINAHL, AMED, Osteopathic Research
Web, OstMed, and MANTIS.

After searching these biomedical databases, the inves-
tigators supplemented the search using the global Google
search engine. Searches were conducted using the follow-
ing terms and/or combinations of them: Tuffier*, inter-
cristal line, intercrestal line, Jacoby’s line, lumbar spine,
lumbar landmark, pelvic landmark, palpation, and TL.
It was not necessary to construct complicated Boolean
phrases to limit the number of returned citations, because
even very inclusive search terms returned relatively few
citations; e.g., “Tuffier’s line” (likely to capture many of
the relevant citations) returned only 28 citations. The “re-
lated citations” function was deployed when articles were
retrieved which fit the inclusion criteria, and additional
citations were harvested from included articles. Each of
the included palpation articles was rated for quality using
a modified version of the QUADAS instrument*, which
usually includes 14 assessment criteria. We excluded one
item having to do with the time period between the index
and reference standards, which did not appear relevant
to studies concerned with a spinal landmark association
rather than diagnostic accuracy. The highest attainable
score in the modified QUADAS instrument was thus
13. We used a modified version of the Arrivé instrument
for the methodological quality of the included imaging
studies®, which usually has 15 criteria. In the Arrivé in-
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strument four of the 15 assessment criteria involve a ref-
erence standard related to the imaging procedure. Since
this meta-analysis concerns a spinal landmark association
rather than diagnostic accuracy, these four criteria were
deemed irrelevant and were dropped. Thus, the lowest at-
tainable score for an article was 11 and the highest was
33, where the lower the score, the higher the quality. The
included articles were rated for quality by two reviewers;
disagreements between reviewers were resolved by com-
ing to consensus following email exchanges.

For the purpose of meta-analysis (conducted using
Open Meta-Analyst, (http://www.cebm.brown.edu/open-
meta/), the investigators abstracted the following data
from each included article: sample size, mean location of
either the iliac crests (palpation articles) or of TL (im-
aging articles), and standard deviation. When an includ-
ed article reported data separately for subsets of the data
(e.g., males and females, or obese and non-obese pa-
tients), these data were regarded as separate studies for
the purpose of meta-analysis, provided different study
populations were used for each. However, when different
imaging procedures were conducted on the same study
population, only the study using the most characteristic
protocol (e.g., a flexed rather than extended patient po-
sitioning procedure) was entered into a meta-analysis, to
avoid overweighting that population. On the other hand,
the investigators scrutinized these other parameters for the
purpose of qualitative analysis. In addition to performing
meta-analysis on the full datasets for both the palpation
and imaging studies, we conducted other analyses on
subsets stratified by patient gender, age, and pregnancy/
post-partum status. There were too few studies available
of each type to conduct meta-analysis based on type of
imaging (MRI, CT scan, ultrasound, fluoroscopy, x-ray),
type of patient positioning (standing, supine, prone, or lat-
eral decubitus), or body mass index (BMI). Since the au-
thors of two palpation studies'’*¢ stated that their results
might have been biased since the palpators were aware of
prior studies that consistently showed the spinal site of
the palpated TL cephalad to the imaged TL, we attempted
meta-analysis with and without these studies included.
However, since the results were very similar, we elected
to include these studies in the meta-analyses. Very few of
the studies reported the spinal level associated with TL
using the spinous process as a reference point; most used
the intervertebral interspace, which is more relevant in
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the practice of anesthesiology. When data were presented
as to whether TL intersected the upper, middle, or lower
portion of a vertebral body*’**, we collapsed the data to
make it compatible with the great majority of the studies,
which reported the intersection as occurring either within
a vertebral body or at an intervertebral interspace.

Results

The retrieval process is summarized using the PRISMA
flow diagram (Figure 1). The original search retrieved
1301 citations. After excluding 179 duplicates, 1122
unique citations remained. After inspecting their titles,
1067 were excluded from further consideration, leaving
55 abstracts to be read for consideration of possible inclu-
sion. This resulted in the retrieval of 47 full text articles;
five additional full text articles (bringing the total to 52)
were retrieved either based on a secondary search of the
included full text articles, searching with the Google data-
base, or because the first author was personally familiar
with them having earlier conducted a literature search on
a related subject. Ultimately, 12 palpation articles and 21
imaging articles fit the inclusion criteria and were strati-
fied into various meta-analyses. Six of the included arti-
cles”2021253039 contained both radiological and palpation
arms. Thus 27 unique articles were included and entered
into the study and included in Table 2, which summarizes
these articles and includes quality ratings.

Among the imaging studies that included an arm ad-
dressing the ability of a palpator to numerate the lumbar
spinal level associated with TL, one of them!® did not pro-
vide sufficient detailed information to be included among
the palpation articles. Some of the included palpation
studies®!*151840 reported on the spinal level that was asso-
ciated with the crests, but did not address the actual spinal
level of TL.

Several of the included studies considered the impact
of various demographic variables on the location of either
the crests or the imaged TL. Although some authors found
age insignificant'®#! in adult patient cohorts, and one
study found the same in a pediatric cohort*?, other auth-
ors found that the imaged TL was more cephalad in an
elderly population®*?>3% and among older pediatric pa-
tients¥’. Several studies determined the palpated crests or
imaged TL to be more caudal in females 7932627414344
although gender was insignificant in a pediatric popula-
tion*’. Sagittal plane posture (extension, flexion, or neu-
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Table 1.
Meta-analyses and most representative differences (higher numbers more caudal spinal level*).
n Subjects Slléivlé?l Lower | Upper | I*2 %
Row Palpation studies

15 All, exclude pediatric

3.56 301 3.72 93.5

2 8 Females, all exclude pediatric

3.39 3.16 3.61 92.6

(98]

3 Males, all, exclude pediatric

343 3.36 3.50 53

Imaging studies

4 23 All, excluding pediatric, pregnancy 435 428 442 96.1
5 6 Females, PP, pregnant, pediatric excluded 444 4.39 4.51 913
6 7 Males, pediatric excluded 4.13 4.02 4.25 93.1
7 3 Pediatric studies only 4.86 481 492 69.1

*Explanation regarding spinal numeration: “4.5” = L4-5 interspace, so that 4.75 would be more caudal

Most representative differences

Delta Interpretation

8 Imaged vs. palpatory crest, genders
combined (mean 5-6 minus mean 2-3)

0.88 Palp crest almost 1 level cephalad,
: average for both genders

0.70 Palp crest cephalad 0.7 levels more

9 Imaged vs palpatory crest, males (3-6) cephalad to crests in males

10 Imaged vs. palpatory crest females (2-5) 1.05 Eraéftscgrels;eﬁr:ﬁ Sst one level cephalad to
11 Imaged crest males vs. females (5-6) 0.31 };II‘HI;T:;CSt LA in males, nearest 4.5

12 Palpatory crest males vs. females (2-3) 0.04 Wl il prllglong Gresll et Lo,

slightly higher in males.

Abbreviations: n= number studies included; PP=post-partum; ped=pediatric

tral) had a modest impact in which TL became more cau-
dal in flexion*?2%%; Lin® on the other hand did not find
flexion in patient positioning to have this effect. Even
though Shiraishi*® reported that flexion lowered TL com-
pared with extension in males, the findings as reported
in percentage terms are at best heuristic; in our second-
ary analysis, we found the change clinically insignificant,
with the mean spinal level of TL in males in flexion drop-
ping only minutely from L4.21 to L4.26. In agreement
with our analysis, Snider ? did not report a flexion effect.
Pregnancy shifted TL cephalad®. Obesity or elevated
BMI tended to diminish accuracy in palpation according
to Broadbent'® and raised the spinal level of TL 72537, Al-
though weight and height had an equivocal impact on the
location of the spinal level of the palpated crests, a var-
iety of overlapping factors — increased body mass index’,
obesity!'*** and abdominal circumference® — resulted in
the palpatory TL level being at a more cephalad spinal
level.
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Table 1 summarizes the results of a number of rep-
resentative meta-analyses performed on various subsets
of the data. The spinal levels corresponding to either the
iliac crests in palpation studies or TL in imaging studies
are reported as “L” followed by a number with 2 decimal
places. For example, “L.3.45” indicates that the spinal level
was a little cephalad to the L3-4 interspace. Although the
status of being pregnant or post-partum impacted imaging
results for females, the lack of an effect while identifying
the spinal level associated with crest palpation allowed us
to include these cohorts in the meta-analytic results for the
female palpation articles. Table 1 includes several rows
that compare representative means of the imaged and pal-
patory crests. Figure 6 provides the means and 95% con-
fidence intervals for the imaged vs. palpatory spinal levels
corresponding to Tuffier’s Line for representative studies.

The most representative of the meta-analyses performed
are provided in Figures 3-5, which includes forest plots
summarizing the data. Figure 3 includes all non-pediatric
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Table 2.
Data summary
Exam q Imaging/palpatory | .. .. Methodological
Study method(s) Subjects technique Findings and comments quality®
P N=100, mean 39yrs, 72.6kg, M 94%, 6 surg. FL,X Radiological and US assessments agreed; palpatory 12(Q)
X b h
FL | N=100, mean 39yrs, 72.6kg, M 94%, 6 surg. Patient supine 4L about 7 level cephalad. Apparent mislabeling of |5 ()
Amin (2014) X1 N=100, mean 39yrs, 72.6kg, M 94%, 6 surg. ?
usS N=100, mean 37yrs, 71.2Kg, M 100% Patient seated
X2 N=100, mean 37yrs, 71.2Kg, M 100% ?
Baxter (2016) P N=30, neonates, gender US, Left lateral Palpatory crest cephalad to radiological prior 11 (Q)
decubitus Teports.
P N=100, excluded boney tenderness, spinal MRI, patients Accuracy unaffected by patient position (sitting or 11(Q)
Broadbent (2000) deformity; in which 7 cases were palpated for received seated and | lateral), Markers placed far from crest more likely
the spinal level of TL; age <16 yrs, mean BMI 6, | flexed palpatory to be misidentified. Obesity impaired accuracy.
mean 73kg, gender not reported. assessment
P N=49 females Prone Mean 45 years, mean 73.3kg, Palpated crest 13(Q)
P N=26 male Prone cephalad to TL, and more cephalad spinal levels
Chakraverty (2007) = likely identified with increasing patient BMI. The
F N=49 females Prone PSIS line identified the S2 spinous process in 51% 20 (A)
F N=26 male Prone e
X N=48 surgical patients, 62% female, mena 58yrs | Standing lateral, Slight trend for the L4/L4-L5 level to shift 19 (A)
Chin (2005) higher crest used as | cephalad relative to the iliac crest in flexed/prone
landmark position.
MRI | N=62, 55% female, 5 with lumbosacral Coronal evaluation | Crest more implementable and accurate than 16 (A)
Farshad (2015) transitional segments other anatomical landmarks for correct lumbar
numbering with lumbosacral transitional anomalies.
P N=49, 62% female, mean yrs 45, mean BMI 26 Lateral decubitus, Anaesthetists were aware of prior findings and may 12(Q)
knees flexed have been biased; higher rate of caudal errors than
Furness (2002 most other studies. US also compared with x-ray,
data not herein provided. One x-ray could not be
marked.
X N=317 females, 20-99 yrs, 8 brackets similar AP radiographs, Age did not impact imaged crest, unlike Rahmani 19 (A)
. numbers per bracket supine positioning | 2011 and Kim 2007.
Horsanali (2015) — -
X N=273 males, 20-99 yrs, 8 brackets similar AP radiographs,
numbers per bracket supine positioning
X N=100 volunteers, 50% female Supine, lateral With lumbar flexion, the imaged crest moved 22 (A)
Jung (2004) Age decubitus caudally.
unrelated to spinal
level of imaged TL. X Same Lateral fully flexed
X-rays
MRI N=690, 49.7% female, age>20, mean 63kg MRI. Patients The positions of the conus medullaris and Tuffier’s 21 (A)
supine, legs line were lower in women than in men and higher
elevated. with sacralization. Although transitional vertebra
Kim (2003) effect position of the conus medullaris and
Tuffier’s line, the safety margin is unchanged. With
increased age the conus was lower and TF line was
higher.
P N=72,73.6% females, males mean yrs 25.4 and Prone Interexaminer reliability of palpation was 11(Q)
. mean BMI 21.9, female mean yrs 36.2 and BMI significantly greater for PSIS level than for the iliac
Kim (2007) 20.9 crest.
X Same as P group. PA x-rays 20 (A)
US N=40 females, pregnant Lateral decubitus Compared palpated crest with vertebral levels 20 (A)
Kim (2014) established by US. Vertebral levels were more
im :
Us N=40 females, non-pregnant Lateral decubitus cephalad in the pregnant women compared to the
non-parturient women.
Kuhns (1978) X N=50, patients undergoing excretory urography. | Supine, knees flexed | Data reported for 52 patients, although method 26 (A)
Mean BMI 25.8, mean weight 68.2kg states N=50.
112 J Can Chiropr Assoc 2017; 61(2)
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Exam q Imaging/palpatory | . .. Methodological
Study method(s) Subjects technique Findings and comments quality®
P N=51 pregnant patients Seated BMI did not correlate with a greater disparity
between the clinical estimates and ultrasound-
Lee (2011) Us Same as P erou Seated determined levels. US more accurate than palpation
S ¥ group. to identifying the lumbar interspaces.
P N=52 volunteers, 67.3% females. Males mean yrs | Left lateral Patients with smaller abdominal circumference, 16 (A)
46.9, BMI 23 4; females mean yrs 48, BMI 23.4 decubitus, flexed. lower BMI, and younger patients had actual
. intervertebral levels lower than the palpated level.
L) 2 Samees Bigroup ]él:cft]te}ﬁ]rsalﬂexe d Radiographic TL in relation to spine did not change
: from lateral to hyperflexion positions.
X Same as P group. AP, patient supine
CT N=50 females, mean 47.2 yrs CT, supine, no Age unrelated to spinal level of imaged TL. PSIS 19 (A)
McGaugh (2007) flexion more consistent spinal reference landmark for iliac
CT N=50 males, mean 47.5 yrs CT, no flexion crest.
P N=64 females. Mean 45.8 yrs, BMI 25.8 US, seated, flexed | Compared palpated crest with vertebral levels 11 (Q)
established by US. Greater proportion males-to-
Pysyk (2010) females with a more cephalad palpated compared
ySy. — to imaged TL. Males and taller individuals had
P N=50 males. Mean 45.3 yrs, BMI 27.0 US, seated, flexed palpated TL as high as ZL2-3, similar to reports of
Kim, 2003 and Snider 2008.
Render (1996) X N=163 PA supine, hips TL was <L4 in 17.8% and at L3-4 in 3.7% of 27 (A)
flexed patients.
P N=50 lean pregnant. Mean yrs 31, BMI 26 .4 US Compared palpated crest with vertebral levels 13 (Q)
Sahin (2014) established by US. The palpatory crest level of the
ahin i i i
P N=50 obese pregnant. Mean yrs 32.4, BMI 34.1 Us spine was more cephalad in larger BMI patients.
X N=204 female children <16 yrs Standing AP X-rays | TL was related to age, more caudal in younger 19 (A)
Sargin (2015) children. No differences based on gender. Unlike
argin . .
g X N=315 male children <16 yrs Standing AP X-rays Tame, 2003, reported spinal level of TL in range
L4 to L5-S1.
X N=48 females Standing, neutral Mean age both genders combined 43.3 yrs. Could 20 (A)
X N=48 females Standing, flexed not determine if AP, PA, or lateral radiography. No
difference between males and females between
o X N=48 females Standing, extended | extension or flexion, whereas in flexion the spinal
Shiraishi (2006) X N=52 malcs Standing, nentral level of TL became more caudal in males. Spinal
~ g level of TL more cephalad in older patient due to
X N=52 males Standing, flexed spinal degeneration.
X N=52 males Standing, extended
P N=99 pregnant females, in which 20 cases were US assessment US used to determine spinal level of needle 11(Q)
Shlotterbeck palpated for the spinal level of TL at L4-5 performed in same | insertion during neuraxial anesthesia. Six punctures
position as one were actually carried out at the L1/L2 intervertebral
(2008) ! :
in which block space.
performed.
X N=33 female PA prone Age not recorded, but range 2-45 yrs. No clinical 19 (A)
— data available, for x-ray arm. Mean BMI 25.9
Snider (2008) X NSy Al S EIE palpatory arm. BMI did not impact spinal location
X N=100 females PA standing of TL. No difference in standing and prone results.
X N=100 males PA standing
Tame (2003) MRI N=49 children, both genders, <10 yrs Supine No clinical information provided. No age effect. 21 (A)
P N=967 C-section cases, in which 20 cases were X-ray, right lateral | Abdominal x-ray confirmed level of insertion of 13 (Q)
Tanaka (2013) palpated for the spinal level of TL decubitus epidural catheters. Palpation not reliable for spinal
level of TL.
Walsh (2011) X N=450, 20-90 yrs, AP and lateral x-ray | Spinal level of TL increased with age. 19 (A)
Wattanaruangkowit X N=270, 6 age brackets 2-80 yrs. AP and lateral x-ray | No clinical information provided other than age. 22 (A)
(2010) Spinal level of TL increased with age.
P N=121 post-partum, in which 22 cases were US, seated The backs of subjects were examined to identify the 13(Q)
Whittey (2008) palpated for the spinal level of TL puncture site of the spinal or epidural needle. No
other clinical information provided.
(A )= Arrivé for imaging studies, n/33, lower scores, higher quality. QUADAS for palpation studies, n/13, higher numbers, higher quality
Abbreviations: P=palpation study; X=x-ray, MRI=magnetic resonance image; CT= computed tomography; F=fluoroscopy; US=ultrasound
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Studies Estimate (95% C.I.)
Female Chakraverty 2007 3,286 (3.183, 3.389) ——
Female Pysk 2010 3.594 (3.481, 3.707) — i
Male (mostly) Amin 2014 3.410 (3.335, 3.485) -
Male Chakraverty 2007 3.538 (3.376, 3.701) —
Male Pysk male 2010 3.400 (3.239, 3.561) |
Mixed Broadbent 2000 3.786 (3.424, 4.148) v
Mixed Furness 2002 4.250 [3.963, 4.537) -
Mixed Kim 2007 2007 4.139 (4.027, 4.251) — B
Mixed Lin flexed 2015 3.894 (3.789, 4.000) — .
PP Schiotterbeck 2008 3.188 (2.842, 3.533) L :
PP Tanaka 2013 4.000 {3.775, 4.225) : ——
PP Whittey 2008 3.727 (3.508, 3.948) .
Preg Lee 2011 3.230 (3.010, 3.450) —a—
Preg Sahin non-obese US 2014 3.200 (3.004, 3.398) e
Preg Sahin obese US 2014 2,850 (2.670, 3.030) ——@— |
Overall (I*2=06% , P<0.001) 3.564 (3381, 3.747) —$—
r T - 1
a an 45
Figure 3.
Palpatory crests (pediatric excluded)
Studies Estimate (35% C.I.) ;
Female Chakraverty F 2007 4.350 (4.246, 4.454) — .
Female Horsalanai x 2015 4.438 (4,396, 4.481) ——
Female Kim 2014 US 2014 4.312 (4.203, 4.422) —@—
Fernale McGaugh CT 2007 4,400 (4,285, 4,515) -
Female Shiraiha flex X 2008  4.478 (4.313, 4.643) L
Famale Snider prone X 2008 4,710 (4,567, 4.853) : L
Overall (1*2=77% , P< 0.001) 4.43% (4.352, 4.526) -i}—
T T - T T T 1
43 44 45 48 47 48
Figure 4.

Imaged crest, females (excluding pediatric, pregnant/post-partum)

Studies Estimate (95% C.I.)

Male (mostly) Amin X1 2014 4.010 {3.941, 4.073) =

Male Amin X2 2014 3,905 (3,526, 4.064) = :

Male Chakraverty F 2007 4.100 (3.965, 4.23E) -

Male Horsalani X 2015 4,273 (4.235, 4.311) : i

Male McGaugh CT 2007 4,050 (3,970, 4.130) = :

Male Shiraishi flex X 2006 4.260 (4.135, 4.384) ; m

Mals Snider prone X 2008 4,260 {4.10%, 4.411) H =

Overall (1*2=83% , P< 0.001) 4.132 (4.019, 4.245) —_—
I T - T T 1
4 4.1 42 435 dd

Figure 5.

Imaged crest (males, excluding pediatric)
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palpation articles. Figure 4 includes imaged crest studies
for females, exclusive of pediatric and pregnancy/post-
partum patient cohorts. Figure 5 includes the imaged crest
studies for males, exclusive of pediatric studies.

The forest plots in Figures 3-5 include a vertical line
that represents the central tendency of the combined data,
the Grand Mean. The horizontal lines then illustrate the
individual study means for the spinal level of the imaged
or palpated iliac crests, and their 95% confidence inter-
vals. The diamond represents the point estimate and con-
fidence interval for the combined studies.

Discussion

Meta-analytic methods usually calculate the odds ratios
for alternative treatments, assigned to experimental and
control groups. In that scenario, the forest plot includes
a vertical line intersecting the X axis at an odds ratio of
one. The individual studies are then mapped to show their
mean effects and confidence intervals, which makes it
easy to see whether their odds ratio is above or below
1.0, and thus whether the control or experimental treat-
ment is favored. Since we were not looking at alternative
treatments, but rather mean spinal levels and 95% Cls,
the forest plots in our study include a vertical line that
represents the central tendency of the combined data, the
Grand Mean. The horizontal lines then illustrate the in-
dividual study means and their CIs. Most authors would
suggest that overlapping lines suggest studies that show
statistical agreement. We pooled data from several small-
er studies to establish the relationship of the spinal level
identified by iliac crest palpation and that of the imaged
TL, including sub-analyses based on demographic and
other characteristics. To select the most representative
population for determining the difference between the
spinal level of the imaged and palpated iliac crests (row 8,
Table 1), we excluded studies featuring post-partum and
pregnant females; as well as pediatric patients. In addition
to reporting the data by gender, we also reported means
for combined male and female cohorts. The imaged TL
was closest to the L4-5 interspace while the palpated TL
was closest to the L.3-4 interspace, corresponding to about
a one-level difference. The female imaged crest line is
at L4.44 (row 5) whereas the imaged male crest line is
slightly higher at L4.13 (row 11). The female and male
palpatory crests are both very similar, very close to the
L3-4 interspace (rows 2 and 3, respectively).
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Imaged vs. palpatory spinal levels corresponding to

Tuffier’s Line.
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Figure 7.
Broadbent accuracy data, reinterpreted.

Even though the imaged TL is 0.31 levels more caudal
in females than in males (4.44 females, 4.13 males), as
seen in row 11, the palpated crest line is virtually the same
at the L3-4 interspace for both genders (3.39 females, 3.43
males), as seen in row 12. Chakraverty’ explains why the
discrepancy between the imaged TL and palpated TL is
greater in women: “Adult females who have more per-
centage body fat for equivalent BMIs, different fat dis-
tribution and who develop progressively greater waist to
hip ratios with age than adult males were found to have
proportionately more higher levels identified on palpa-
tion.” The palpator’s fingers overlay soft tissue situated
above the iliac crests, especially in obese patients or those
with relatively abundant subcutaneous fat tissue relative
to their body mass index.’?!"

Gallagher et al. * found that for an equivalent body
mass index, women have significantly greater amounts of
total body fat than men. The palpated crests in females at
L.3.39 is slightly more than 1 level higher than the imaged
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TL at 4.35 (row 10); while the palpated TL in males at
L.3.43 is 0.73 levels higher than the imaged TL at L4.13.
To get a sense of the relationship between the imaged
and palpated TLs for a mixed population of males and
females, row 8 compares the means of males and females
combined. Irrespective of gender, the spinal level of the
palpated crests is almost 1 level more cephalad than that
of the imaged TL.

These results suggest that using the palpated crests to
determine the site for anesthetic injections can be a very
hazardous practice. The safety and success of epidural
blocks and cerebrospinal fluid taps depends on accurate
palpation of spinal levels**?¢4?, The greatest risk lies in
puncturing the conus medullaris*’, which on average ex-
tends to the lower portion of L1 but may reach the upper
portion of L3 %%, This is very close to the level of the pal-
pated crests in our secondary analyses. Although this is
not of pressing concern for the manual therapist, the suc-
cess of diagnostic and therapeutic interventions in manu-
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al therapy may depend to some extent on accurate spin-
al palpation. The process of identifying spinal targets of
intervention in the upright position, and then attempting
to locate those same spinal levels in the prone position,
can be quite challenging®.

Previous studies have shown low accuracy for palpa-
tors in numerating lumbar levels and the mistakes tended
to be cephalad’'*'". This is clearly due to confounding the
imaged and palpatory crest levels in relation to the lumbar
spine. It would be instructive to reinterpret the accuracy
achieved in these studies after having adjusted for the er-
roneous landmark rule wherein the palpated crest was as-
sumed equivalent to the imaged TL; the accuracy would
then be seen to have been higher than had been previously
reported. As an example, Broadbent et al."” reported that
among 200 attempts by anesthetists’ to accurately identify
a lumbar spinal level, only 29% were accurate. Although
this may appear to indict the anesthetists’ palpatory skill
per se, their error was in part explained by the erroneous
landmark rule. Had they understood that the palpatory
crest line was closer to the 13-4 level, their accuracy rate
would have been reported to be 50.5%. Figure 7 shows
the actual error rate as reported, as compared with what
would have been reported based on better understanding
of the spinal location of the palpatory crests.

A similar confusion has confounded the literature on
the accuracy of thoracic spine palpation. Cooperstein has
demonstrated that using the scapula to localize thoracic
landmarks is very error prone, especially given the inad-
equacy of spinal landmark rules that are based on con-
ventional wisdom rather than clinical research®. For in-
stance, the inferior scapular tip lies closer to the T8 rather
than T7 spinous process, as is commonly thought.

It is very likely that health professionals, both manual
therapists and others, have been diagnosing and treating
patients in part by associating spinal levels with scapular
and iliac crest landmark rules that are now known to be
inaccurate. In manual therapy, an intended site of spine
care is often principally determined by history and physic-
al examination, including assessment of positional asym-
metry, pain/tenderness, and joint movement capacity. In
such cases, it may not be crucial for an individual provid-
er to know the exact level being treated. However, in a
clinical setting with multiple providers, charting errors in
numerating diagnosed and treated spinal levels could lead
to improper care due to addressing non-intended levels.
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In addition, when physical examinations are obtained in
the seated or standing position, or are in part based on
imaging or specific neurological findings, it may be chal-
lenging to locate the intended spinal level in the prone
position.* These errors could lead to sub-optimal clinical
outcomes, depending on the degree to which specificity in
identifying sites of spine and sacroiliac care is clinically
important. While correct utilization of landmark associ-
ations for the determination of a particular spinal level is
plausibly important to the manual therapist, they are cru-
cial to the anesthetist trying to identify safe and accurate
locations for epidurals and other injection procedures.
This present study had several limitations. Some of
the 12 % values indicated a high degree of heterogeneity
among the included studies; no doubt due to differences
in the imaging technology used, the patient positioning
in the imaging and palpation studies, the way the palpa-
tory procedures were performed, and differences in the
selected patient populations. The need to convert data re-
ported for segments of a vertebra (upper, middle, lower)
in some studies, rather than for discrete vertebral or inter-
vertebral levels, may have also increased heterogeneity.
In addition to explaining the variability in the data, more
importantly this could compromise accuracy in clinical
practice, which is something anesthesiologists and manu-
al therapists should take into consideration. Since the
QUADAS quality scores for the palpation articles were
uniformly high (mean=11.8/13, s=0.94), it would have
been fruitless to attempt interpreting results based on
study quality. Likewise, the Arrivé scores were quite uni-
form (mean=20.4/33, s=2.84). Since we used the includ-
ed articles only to determine spinal levels corresponding
to the imaged or palpated iliac crests, and were not con-
cerned with diagnostic accuracy, various criteria in the
QUADAS and Arrivé instruments were irrelevant in our
study and thus excluded. As a result, the quality scores in
our study cannot be compared to possible ratings by other
reviewers, who may have used all the assessment criteria.
The Render study'? stood out as of lower quality than the
others, with a quality score of 27/30. That stated, the re-
ported value of L4.34 for TL was in line with the estimate
of L4 .45 reported by other imaging studies including both
genders. As is often the case in meta-analysis, some of
the articles, for both the imaging and palpation studies,
showed statistically different study outcomes. That did
not obscure our central finding, which is the tendency in
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most patient populations for the spinal level of the palpat-
ed TL to lie cephalad to the spinal level of the imaged TL.
In no subject population does the 95% confidence interval
for the spinal level associated with the iliac crests overlap
that of the imaged TL (Figure 6)., confirming statistically
different mean spinal levels.

One way of increasing accuracy in numerating lum-
bar vertebral levels would be for practitioners to deploy
a revised landmark association whereby the spinal level,
as identified using the palpatory iliac crest method, will
usually be the L3 spinous process or the L3-4 interspace.
However, the variability noted in these meta-analyses
suggests that there may be an even better strategy: since
the 2nd sacral tubercle is very dependably situated be-
tween the posterior superior iliac spines’**#, numerating
lumbar levels based on this landmark association might
be most accurate. Finding S2 in this manner, a palpator
would then identify the most immediately cephalad sacral
tubercle as S1, and then an equal distance cephalad to this
would be the soft depression corresponding to the hypo-
plastic L5 spinous process, followed by the L4 spinous
process (which will likely be caudal to the palpated iliac
crests), followed by the L3 spinous process, and so on.

Conclusion

This study confirms reports by previous authors that the
spinal level of the palpated crests is cephalad to the im-
aged TL, and this difference was quantified as being just
about 1 spinal level. The difference is greater in females
than males. Past studies on the accuracy of lumbar stat-
ic palpation should be re-interpreted considering these
findings, since reported accuracy rates in those studies
assumed that TL corresponded to the L4 spinous process
or the L4-5 interspace. A more accurate method is recom-
mended to locate the TL spinal level, especially for higher
risk procedures including the epidural blocks and cere-
brospinal fluid punctures practiced by anesthesiologists.
Clinicians would be well-served practicing according to
an updated landmark association wherein the palpated
crests will usually correspond to the L3-4 interspace; or
clinicians may attempt to locate L4 or L4-5 by counting
up from the 2" sacral tubercle 7*°#; or by using the 10™
rib 22 as a landmark. Using a combination of those meth-
ods would most likely be good clinical practice compared
with abject reliance on any one method.
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Intra-examiner reliability of measurements
of ankle range of motion using a modified

inclinometer: a pilot study
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A modified inclinometer was designed for measuring
total ankle range of motion (ROM) in the standing
position for a large future study. The purpose of this
pilot study was to assess the intra-examiner reliability of
this new device in order to see if the examiner would be
able to produce equally reliable measurements with this
instrument as with a routinely used goniometer.
Nineteen young healthy individuals took part in the
pilot. The same examiner took the ROM measurements
using both devices twice on the same day and one
further time 2 or 3 days later. Test-retest reliability was
measured using the intraclass correlation coefficient
(ICC). The ICC values were 0.86 (95% CI=[0.67; 0.94])
and 0.83 (95% CI=[0.61; 0.93]) for the measurements
taken with the goniometer on the same day and for those

On a congu un inclinométre modifié pour mesurer
I’amplitude du mouvement (ADM) totale de la cheville
en position debout pour une grande étude a venir. Cette
étude pilote a pour objectif d’évaluer la fiabilité des
intra-examinateurs vis-a-vis de ce nouveau dispositif
afin de constater si I’examinateur serait en mesure de
produire des mesures d’une fiabilité équivalente avec
cet instrument par rapport au goniometre couramment
utilisé.

Dix-neuf jeunes personnes en santé ont participé a
I’étude pilote. Le méme examinateur a pris des mesures
de I’ADM avec les deux dispositifs a deux reprises le
méme jour et une autre fois deux ou trois jours plus
tard. On a mesuré la fiabilité de test-retest au moyen
du coefficient de corrélation intraclasse (CCI). Les
valeurs de CCI étaient de 0,86 (IC a 95 %=[0,67;
0,94]) et de 0,83 (IC de 95 %=[0,61; 0,93]) pour les
mesures prises avec le goniomeétre le méme jour et
les mesures prises lors de deux jours différents. Les
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on two different days. The corresponding values for the
modified inclinometer were 0.88 (95% CI=[0.72;0.95])

and 0.81 (95% CI=[0.57; 0.92]). Both instruments were
found to have very good test-retest reliability.

(JCCA.2017:61(2):121-127)

KEY WORDS: ankle, range of motion, pilot study,
reliability, inclinometer

valeurs correspondantes pour l'inclinomeétre modifié
étaient de 0,88 (IC de 95 %=[0,72,;0,95]) et de 0,81 (IC
de 95 %=[0,57, 0,92]). On a constaté une trés bonne
fiabilité de test-retest avec les deux instruments.

(JCCA.2017:61(2):121-127)

MOTs CLESs : cheville, amplitude du mouvement,
étude pilote, fiabilité, inclinometre, chiropratique

Introduction

Ankle motion is required for humans to walk, run, sit
down, climb, etc. A limitation in range therefore may af-
fect quality of life.! Reductions in ankle range of motion
(ROM) have been associated with co-morbid conditions
such as venous ulcers. This association has been estab-
lished in populations with high socioeconomic status*?
where the prevalence of venous ulcers is approximately
1% according to Fowkes FG et al.*. It is estimated that
in Western countries 3 billion dollars is spent annually on
the care of venous ulcers.! Neither a similar association
nor prevalence has been established in a socioeconom-
ically disadvantaged population where the economic bu-
rden of venous ulcer care would likely be significant.

We, the authors, plan to assess patients attending mo-
bile chiropractic clinics across the Dominican Republic
with the intention of investigating the association be-
tween venous disease and venous ulcers and ankle ROM
in a socioeconomically disadvantaged population. It is
expected that such a study would require a large number
of ROM measurements to be taken in a short amount of
time, in field conditions with various practical obstacles,
in which traditional methods of measuring ankle ROM
are not feasible. As a result a sturdy measurement tool
would be required.

Goniometers are traditionally used to determine ROM
of the ankle joint.”> Goniometers are considered valid and
reliable clinical tools for assessing range of motion of
joints of the extremities.® A typical goniometric measure-
ment of the ankle is made with the patient’s leg supine on
the treatment table and the fulcrum at the lateral malle-
olus whilst maintaining the bottom rod of the goniometer
parallel with the tibia and fibula. This procedure requires
skill on the part of the examiner and visual estimation
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of the same position of the goniometer arms at the same
starting position at each successive measurement.” Meas-
uring ROM with a standard plastic goniometer does not
control the patient’s ability to flex or extend the toes or
control for the subtalar range of motion and its influence
on ankle ROM. Belczak et al.? used a goniometer with a
plantar support to eliminate the influence on ankle ROM
of the other articulations of the foot on ankle ROM. De-
spite the assumption that the instrument may have been
cumbersome to use in the field, the authors were unable
to acquire it for testing.

More recently Thornton et al.’ introduced a digital
goniometer as an inexpensive, reliable and valid method
of measuring functional ROM of the ankle, with the pa-
tient’s foot on the floor. Although the results are interest-
ing and promising, the proposed measurement methodol-
ogy would have proved challenging in the conditions that
were expected to be seen in the Dominican study. There,
clinical conditions were expected to vary from day to day,
with uncertain floor surfaces ranging from concrete to
dirt. Moreover, the results of this study were not available
at the time of the authors’ study.

There are a variety of studies that use inclinometers to
measure ankle ROM. According to Gerhardt et al.’, in-
clinometers “read angle position relative to gravity or to a
set neutral -0- position”. Inclinometers for measuring an-
kle ROM, specifically ankle dorsiflexion'®have shown to
be reliable, and functional plantarflexion has been shown
to be best quantified using an inclinometer on the dorsum
of the foot in modern dancers''. To the best of their know-
ledge, the authors are not aware of another published
study that established the reliability and validity of the
full ROM of the ankle joint using an inclinometer.

A regular inclinometer does not control for subtalar
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Figure 1.
Goniometer

joint contribution to ankle ROM even with an extension
arm as described by Gerhardt et al.” The extension arm
described by Gerhardt was rather narrow in width, and
would not allow a broad contact with the foot, which
would reduce the subtalar contribution.'? For this purpose,
the authors designed a device with a wider plantar support
to help to control the amount of toe and foot contribu-
tion to the ankle ROM. Furthermore the device needed be
robust enough for repeated use on many participants. A
detailed description of the modified inclinometer is pro-
vided in Methods and Materials.

Since the new device is a modified version of an ex-
isting inclinometer with an extended arm, we aimed to
assess the intra-examiner reliability of the device. Sec-
ondarily we wanted to determine if the intra-examiner re-
liability of this new device was of a similar magnitude to
that of a standard goniometer.

Methods

Ethical approval for this study was obtained from the Of-
fice of Research Administration of the Canadian Memor-
ial Chiropractic College (CMCC). The REB certificate
number was 1303X05.

Study patrticipants

Participants were fourth year interns from the Canadian
Memorial Chiropractic College. Participants were ex-
cluded if they had suffered an injury to the low back or
lower extremity, including the ankle, within the last week.
A recent low back injury may have hindered participants
from sitting comfortably and dorsiflexing the ankle in one

J Can Chiropr Assoc 2017; 61(2)

Figure 2.
Modified inclinometer

of the required positions, ie. sitting with a straight leg on
the table as part of the goniometer measurements, as will
be described.

Nineteen participants, seven males and twelve females,
volunteered and were eligible to participate. They repre-
sent a homogenuous group of young generally fit indi-
viduals, of approximately the same age. Participants were
asked to sign consent forms before participating. Partici-
pants were asked to maintain their usual level of activity
during the entire duration of the study to eliminate bias in
consecutive ROM measurements due to injury.

Instruments

Goniometer

The goniometer used was a usual plastic type 12 inch
goniometer by Almedic from Montreal Canada #32-4 (see
Figure 1).

Modified inclinometer

The new device consisted of a Baseline® bubble inclin-
ometer made by Fabrication Enterprises Inc. attached to a
long wooden stick designed by authors PT and LW (here-
after, a modified inclinometer). A device used by both
Gerhardt* and Lea et al."*. was the original concept for this
new apparatus. The apparatus consisted of a straight edge
wood base 30 cm long, 3.8 cm wide and 0.95 cm thick.
This was cut level, and thick enough not to distort while
using the device for multiple measurements. A notch was
cut into one end to hold the inclinometer, 8.3 cm long
and 0.79 cm wide. The inclinometer was secured to the
straight edge, level to the bottom (See Figure 2).

123



Intra-examiner reliability of measurements of ankle range of motion using a modified inclinometer: a pilot study

Participant Position and Procedure

Goniometer

The participant was seated with the right leg supine, knee
straight, on a chiropractic table, and the other leg off the
table. The goniometer’s pivot was centered over the an-
kle (lateral malleolus), and one arm paralleled the fibula
and tibia. The other arm followed a line parallel to the
5™ metatarsal. The patient was asked to actively dorsiflex
and plantar flex the ankle from a starting position with
the foot relaxed (considered the zero neutral position)
with angle measurements taken at each point of dorsiflex-
ion and plantar flexion. The participant was asked to not
dorsiflex or plantar flex the toes if possible. The neutral
starting positon was returned to after dorsiflexion before
commencing plantarflexion. Total ROM was measured as
the sum of these two individual measurements. The test
was repeated with the knee flexed to 45 degrees with a
pillow under the supine knee. The average of the two total
ROMs, one with the knee straight and one with the knee
bent,was used to calculate the final value for the ROM
using the goniometer”.

Modified Inclinometer

The participant was in a standing position with the right
knee on a chiropractic table, a modified position from that
of Gerhardt’s” method. The bent leg was positioned such
that 50% of the lower part of the leg was on the surface of
the table and 50% of the leg was off the table. The partici-
pant was asked to weight bear with the standing leg, not
with the bent leg. The wooden arm was placed on the foot,
with the foot in the most relaxed position possible. The in-
clinometer was placed at the heel so that the foot and toes
made full contact with the wooden base. The contact was
maintained in an effort to reduce the subtalar movement
that might alter the ankle ROM."? The inclinometer was
turned to establish this relaxed position as the zero degree
position. The examiner held the bar along the base of the
foot, and from the established zero degree position the par-
ticipant moved the foot into maximum dorsiflexion without
using the toes as he/she had been instructed to do. The an-
gle of dorsiflexion was measured. The foot was then moved
into the relaxed position again and the inclinometer was
reset to zero. The participant was instructed to move into
plantar flexion in the same way (See Figure 3). Total range
of motion was then determined to be the addition of plantar
flexion and dorsiflexion from the established zero position.
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Measurements
In total, three ROM measurements were taken on each
participant using the goniometer and the modified inclin-
ometer each in turn following the procedures described
above. Two measurements (Measurement 1 and Measure-
ment 2) were taken on the same day, a few hours apart,
and the third measurement (Measurement 3) was taken
two or three days later, dependent on the interns’ clinic
schedules, to comply with standard intra-examiner design
accepted in ROM measurement studies.®

All the ROM measurements were taken by the same
examiner (PT), at the same location, in one of the clinic’s
treatment rooms on the clinic floor of the college with
goniometer measurements always preceeding the modi-
fied inclinometer measurements by a few minutes. The
interns appeared in random order for each of the three
measurements. The measurements were recorded by an
independent intern to ensure that the examiner (PT) was
blinded to the previous measurement. To ensure the sta-
bility of the condition of the ankle of the volunteers, those
who had suffered injures in the period between the second
and the third measurements were excluded. In this study,
none of the participants reported any injuries.

Figure 3.
Modified inclinometer measuring plantar flexion
relative to a neutral relaxed position called zero.
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Statistical Analysis

Means and standard deviations were calculated for each
measurement of the ROM taken with a goniometer and a
modified inclinometer.

Intraclass correlation coefficient (ICC) was used to as-
sess the intra-examiner reliabilty. Based on classification
defined by Fleiss and Shrout', we used ICC(2;1) as this
measure is commonly used in the literature on test-retest
reliability'>'®. ICC(2;1) accounts for variability between
the subjects and between the occasions on which the
measurements were taken and can be calculated by fitting
a two-way ANOVA model with subjects and occasions
as factors. Two ICCs were obtained for each instrument
to measure the reliability between Measurement 1 and
Measurement 2, and between Measurement 1 and Meas-
urement 3. The calculations were performed using the
package irr'” for R software!'®.

Results

All the participants (n=19) were included in all three
measurements. The mean and standard deviations of an-
kle ROM for each measurement are included in Table 1.
ICC values for the goniometer were 0.86 (same day meas-

Table 1.
Descriptive statistics for the ankle ROM using
goniometer and modified inclinometer.

Modified
inclinometer
(mean [SD])

Goniometer

Test (mean [SD])

Measurement 1 (n=19)

59.08 [14.34]

69.26 [17.65]

Measurement 2 (n=19)

60.66 [16.45]

67.42 [14.95]

Measurement 3 (n=19)

60.26 [14.07]

70.68 [14.33]

P Tavares, V Landsman, L Wiltshire

urements) and 0.83 (measurements over different days).
For the inclinometer these values were 0.88 and 0.81
respectively (Table 2). These values indicate very good
reliability."”

Discussion

Currently the goniometer method used in this study is still
the accepted way of measuring true range of motion of the
ankle.'” Goniometers, although commonly used to meas-
ure ankle ROM, are difficult to use when a high volume of
measurements need to be taken in a short period of time in
field conditions. The method using a digital goniometer,
most recently proposed by Thornton ef al.?, seems to be
a promising improvement to previous goniometry meth-
ods. However, its use required that the participants stand
barefoot on the ground/floor, which would not have been
prudent in a mobile clinic setting in a developing country
where the ground surface would be less than ideal, and
inconsistent on each day of measurement.

The intra-examiner reliability of the goniometer and
modified inclinometer were obtained from the measure-
ments of ROM taken on participants on the same day, as
well as the measurements taken on two different days. In
both cases, very good (above 0.80) ICCs were obtained,
suggesting the two devices have comparably very good
reliability.

Control for toe contribution, convenient patient pos-
ition and ease of use combined with very good intra-exa-
miner reliability make the modified inclinometer the de-
vice of choice for a large population study in which the
measurements will be performed by the same examiner.
However, it should be emphasized that clinimetric val-
ues of this new device have not been established yet and
hence its use in clinical practice is not possible. Once an
inter-rater reliability and validity of the modified inclin-

Table 2.
ICC(2;1) values and 95% confidence intervals (CI) obtained for goniometer and modified inclinometer.

Goniometer
(ICC[95% CI))

Modified inclinometer
(ICC [95% CI])

Measurement 1
— Measurement 2

Measurement 1
— Measurement 3

Measurement 1
— Measurement 2

Measurement 1
— Measurement 3

0.856
(0.665; 0.942)

0.828
(0.607; 0.930)

0.883
(0.722;0.953)

0.811
(0.574;0.923)

J Can Chiropr Assoc 2017; 61(2)
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ometer is established in future studies, the modified in-
clinometer can potentially become the device of choice in
a regular clinical practice when relative improvements in
ankle range of motion is the key required measurement.

It is worth mentioning that the ROM measurements
obtained using a goniometer were systematically smaller
than the ROM measurements obtained using the modified
inclinometer by approximately 10 degrees (Table 1). A
similar finding was reported in another study which com-
pared goniometer to inclinometer measurements of ankle
dorsiflexion''.

There are a few possible explanations for this finding.
Likely, it is because the goniometer averaged the straight
leg and the bent knee, and calf muscles with a straight
leg limit ankle dorsiflexion. Baumbach et al.*® found that
knee flexion of 20 degrees is enough to eliminate the ef-
fect of the gastrocnemius muscle on dorsiflexion of the
ankle.

The systematic discrepancy between the two measure-
ments can also be explained, in part, because the inclin-
ometer measurements were always done after the goni-
ometer ones, and it is likely that repeated measurements
increased the ROM values. It would be important to ran-
domize the order of the measurements in future studies to
eliminate possible bias due to repeated measurements.

Currently the bubble inclinometer used in this study
did not have the ability to establish the vertical gravity
-0- position’ in order to determine the absolute values for
dorsiflexion and plantar flexion separately. However this
inclinometer allowed the measurement of the total ROM
(total of dorsiflexion plus plantarflexion from a set neutral
-0- position) which was what would be required for the
larger study. Further modification of this inclinometer to
include the establishment of a vertical gravity -0- position
would be important for future validity studies.

Conclusion
This study found a very good intra-examiner reliabil-
ity for the modified inclinometer. This inclinometer is a
sturdy device that helps to control for toe contribution to
the ankle ROM, and allows taking measurements in the
standing rather than in the supine position as is tradionally
done when using a goniometer.

These obvious advantages of the new device and very
good intra-examiner reliability make it suitable for use in
a large population-based study in the Dominican Repub-
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lic involving approximately a thousand patients attending
mobile chiropractic clinics.
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Dorsal scapular nerve neuropathy: a narrative

review of the literature

Brad Muir, BSc.(Hons), DC, FRCCSS(C)'

Objective: The purpose of this paper is to elucidate
this little known cause of upper back pain through a
narrative review of the literature and to discuss the
possible role of the dorsal scapular nerve (DSN) in
the etiopathology of other similar diagnoses in this
area including cervicogenic dorsalgia (CD), notalgia
paresthetica (NP), SICK scapula and a posterolateral
arm pain pattern.

Background: Dorsal scapular nerve (DSN)
neuropathy has been a rarely thought of differential
diagnosis for mid scapular, upper to mid back and
costovertebral pain. These are common conditions
presenting to chiropractic, physiotherapy, massage
therapy and medical offices.

Methods: The methods used to gather articles for this
paper included: searching electronic databases, and
hand searching relevant references from journal articles
and textbook chapters.

Results: One hundred-fourteen articles were retrieved.

After removing duplicates, there were 57 articles of
which 29 were retrieved. There were 26 articles and
textbook chapters retrieved by hand searching equaling

Objectif : Ce document a pour objectif d’élucider
cette cause peu connue de douleur dans le haut du
dos par un examen narratif de la littérature, ainsi que
de discuter du réle possible du nerf scapulaire dorsal
(NSD) dans [’étiopathologie d’autres diagnostics
semblables dans ce domaine, y compris la dorsalgie
cervicogénique (DC), la notalgie paresthésique (NP),
I’omoplate SICK et un schéma de douleur postéro-
latérale au bras.

Contexte : La neuropathie du nerf scapulaire dorsal
(NSD) constitue un diagnostic différentiel rare pour la
douleur mi-scapulaire, costo-vertébrale et au bas/haut
du dos. Il s’agit de troubles communs qui surgissent
dans les cabinets de chiropratique, de physiothérapie, de
massothérapie et de médecin.

Meéthodologie : Les méthodes utilisées pour
rassembler les articles de ce document comprenaient la
recherche dans des bases de données électroniques et la
recherche manuelle de références pertinentes dans des
articles de journaux et des chapitres de traités.

Résultats : On a extrait 114 articles. Une fois les
dédoublements éliminés, il y avait 57 articles, desquels
29 ont été extraits. Il y avait 26 articles et chapitres
de traités extraits a la main, ce qui donne 55 articles
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55 articles retrieved of which 47 relevant articles were
used in this report.

Discussion: The anatomy, pathway and function of the
dorsal scapular nerve can be varied and exceptionally
rarely may include a sensory component. The signs
and symptoms, therefore, may include pain, atrophy,
scapular winging, and dysesthesia. The mechanism
of injury to the DSN is also quite varied ranging from
postural to overuse in overhead work and sport. Other
conditions in this area, including CD, NP, SICK scapula
and a posterolateral arm pain pattern bear a striking
resemblance to DSN neuropathy.

Conclusion: DSN neuropathy should be included in
the list of common differential diagnoses of upper and
mid-thoracic pain, stiffness, dysesthesia and dysfunction.
The study also brings forward interesting connections
between DSN neuropathy, CD, NP, SICK scapula and a
posterolateral arm pain pattern.

(JCCA.2017;61(2):128-144)

KEY WORDS: dorsal scapular nerve, nervus dorsalis
scapulae, mid-thoracic pain, cervicogenic dorsalgia,
notalgia paresthetica, SICK scapula, posterolateral arm
pain pattern

B Muir

extraits, desquels 47 articles pertinents ont été utilisés
pour ce rapport.

Discussion : L’anatomie, la voie et la fonction
du nerf scapulaire dorsal peuvent étre variées et,
exceptionnellement, comprendre un facteur sensoriel.
Par conséquent, les signes et symptomes peuvent
comprendre la douleur, [’atrophie, le décollement
scapulaire et la dysesthésie. Le mécanisme de blessure
du NSD est lui aussi tres varié, allant de la posture au
travail/sport au-dessus de la téte. D’ autres troubles dans
ce domaine, dont la DC, la NP, I’omoplate SICK et un
schéma de douleur postéro-latérale au bras, ressemblent
étrangement a la neuropathie du NSD.

Conclusion : 1l faut inclure la neuropathie du NSD
dans la liste des diagnostics différentiels communs pour
la douleur thoracique supérieure et médiane, la raideur,
la dysesthésie et le dysfonctionnement. De plus, [’ étude
met en évidence d’intéressants liens entre la neuropathie
du NSD, la DC, la NP, I’omoplate SICK et un schéma de
douleur postéro-latérale au bras.

(JCCA.2017;61(2):128-144)

MOTS CLES : chiropratique, nerf scapulaire dorsal,
nervus dorsalis scapulae, douleur thoracique médiane,
dorsalgie cervicogénique, notalgie paresthésique, omoplate
SICK, schéma de douleur postéro-latérale au bras

Introduction

Dorsal scapular nerve (DSN) (Latin: nervus dorsalis
scapulae) neuropathy has been a rarely thought of dif-
ferential diagnosis for mid scapular, upper to mid back
pain.! Upper to mid-thoracic and costovertebral pain and
stiffness are a common entity presenting to chiropractic,
physiotherapy, massage therapy and medical offices** es-
pecially following motor vehicle accidents’. Patients may
report pain, stiffness, dysesthesia and dysfunction (scapu-
lar, thoracic and costovertebral) of an acute or chronic
nature in this area with only temporary relief following
normal care by their health professional.!

In a study by Sultan er al.!, 55 patients with unilateral
interscapular pain were evaluated. The diagnosis for these
patients varied from no diagnosis to thoracic degenerative
discogenic pain, costovertebral joint dysfunction, levator

J Can Chiropr Assoc 2017; 61(2)

scapulae syndrome, thoracic facet syndrome, dorsal back
strain, myofascial pain of the rhomboids and finally DSN
entrapment.’ These are common diagnoses rendered for
pain in this area and the referral for an electrophysiologic
study would suggest a lack of progress with normal care.
The study found that there was evidence of DSN neurop-
athy in 29 patients (52.7%) and another five were at the
upper cutoff limit which would bring the total to 61.8%
if these were counted as having DSN involvement.' This
would suggest that DSN neuropathy should be included
in the differential diagnoses for upper to midback pain,
stiffness and dysfunction. Its consideration may in fact
add to, or change, the diagnosis and provide an avenue for
longer lasting relief with an appropriate treatment strat-
egy.

The signs and symptoms of DSN neuropathy bear a
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striking resemblance to several other diagnoses or find-
ings in the cervicothoracic, scapular and posterolateral
arm areas including cervicogenic dorsalgia (CD), notal-
gia paresthetica (NP), SICK scapula and a posterolateral
arm pain pattern. First described by Maigne®’, cervico-
genic dorsalgia (CD) is not well recognized outside of
chiropractic literature (a literature search in PubMed re-
vealed no articles). Anatomically, the DSN provides that
direct link from the mid to lower cervical spine to the
mid-scapular region.*'° Notalgia paresthetica (NP) is a
condition of the upper to mid-thoracic spine that involves
pruritis, numbness and tingling, and pain.'""'> The etiol-
ogy of this condition is elusive, and its treatment using
conservative therapies has also been met with mixed re-
sults.!"31¢ In the paper by Sultan et al.!, two of the 29 pa-
tients that tested positive for DSN neuropathy had pruritis
in the upper to mid-back area with one of those having a
decreased ability to sense a pinprick over the area. This,
along with a dissection report by AF Dixon in 1896 that
showed cutaneous nerve fibres from the DSN innervating
an area of the mid-thoracic spine!’, suggests a possible
connection between NP and DSN neuropathy. “SICK
scapula”, an acronym for the condition Scapular malpos-
ition, Inferior medial border prominence, Coracoid pain
and malposition, and dysKinesis of scapular movement'®,
is a condition that has been reported to have rhomboid re-
lated scapular winging which suggests DSN involvement.
SICK scapula is speculated to be a component of several
shoulder related diagnoses including impingement, labral
tears and rotator cuff tendinopathies and tears.'® DSN
neuropathy may cause scapular winging due to rhomboid
atrophy'®?* and may need to be considered as a compon-
ent of SICK scapula. Several authors mention that DSN
neuropathy may be related to a posterolateral arm and
forearm pain pattern®-** that may include the neck, axil-
la and lateral thoracic wall*'. This paper will explore the
possibility that the pain pattern may be due to a peripheral
nerve neuropathy that includes the DSN, suprascapular
nerve, long thoracic and radial nerve with the C5 nerve
root being a common thread. A possible mechanism that
may explain the etiopathology behind these nerves be-
ing affected is explored. The mechanism behind these
nerves combining to create this pain pattern while other
CS5 nerves including the axillary, median, or musculocuta-
neous nerve, are rarely affected, is unknown and not in
the scope of this paper.
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Table 1.
Sources used in the search for articles
for this manuscript.

e PubMed Key Words: dorsal scapular nerve,
dorsoscapular nerve, nervus dorsalis scapulae,
mid-thoracic pain

e EbscoHost that included: Alt HealthWatch, AMED,
CINAHL, eBook Collection, ERIC, Medline, Nursing
& Allied Health Collection, Psychology and Behavioral
Sciences Collection, Rehabilitation & Sports Medicine
Source, SportDiscus, American Doctoral Dissertations
Key Words: dorsal scapular nerve, dorsoscapular nerve,
nervus dorsalis scapulae, mid-thoracic pain

e Index to Chiropractic Literature Key Words: dorsal
scapular nerve, dorsoscapular nerve, nervus dorsalis
scapulae, mid-thoracic pain

* Hand searches of references from the retrieved articles
and textbooks

The purpose of this paper is to elucidate this little
known, but emerging, cause of upper back pain. This
paper will include a narrative review of the anatomy and
function of the DSN, along with the epidemiology, signs
and symptoms and possible mechanisms of injury of DSN
neuropathy. It will also explore the possible role of DSN
neuropathy in other diagnoses in this area including CD,
NP, SICK scapula and a posterolateral arm pain pattern.

Methods

The methods used to gather articles for this paper in-
cluded: searching several electronic databases and hand
searching relevant references from journal articles and
textbook chapters. Table 1 outlines the electronic data-
bases used in the search. The following terms were used
in the searches: dorsal scapular nerve, dorsoscapular
nerve, nervus dorsalis scapulae, and mid-thoracic pain. It
should be noted that “dorsoscapular nerve” is not recog-
nized as a proper anatomic/medical term for the DSN but
was found to be used while procuring articles during the
literature search.

Due to a relative lack of articles found in the electron-
ic database search, the bulk of the articles and textbook
chapters were found by hand searching the references of
each article and attempting to purchase or obtain these
articles through available college and university libraries.
Google Scholar was used to retrieve hand searched arti-
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Table 2.

Flowchart outlining the search strategy and article aquisition

Database Search Strategy — Articles Retrieved

Up to 2017
PubMed EbscoHost Index to Chiropractic
Literature
Dorsal scapular | Mid Thoracic Dorsal scapular | Mid Thoracic Dorsal scapular | Mid Thoracic
nerve Pain nerve Pain nerve Pain
Dorsoscapular Dorsoscapular Dorsoscapular
nerve nerve nerve
Nervus dorsalis Nervus dorsalis Nervus dorsalis
scapulae scapulae scapulae
39 12 37 19 2 5

4

Total Number of Articles from
Databases

114

4

Total Number of Articles from
Databases
Duplicates Removed

57

4

Total Number of Articles
Retrieved from Database

29

Total Number of Articles Hand-
Searched from Textbooks and
Articles

26

]

——1
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Total Number of Articles and
Textbook Chapters Retrieved

55

4

Total Number of Relevant
Articles

47
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cles that were not otherwise retrievable and briefly exam-
ined to see if all relevant articles had been identified. Due
to the lack of limiters, Google Scholar was not used as a
main search engine source.

Results

Searching the electronic databases, 114 articles were
found. Once duplicates were removed there were 57 arti-
cles of which twenty-nine were retrieved. There were 26
articles and textbook chapters retrieved by hand searching
the articles that had been retrieved equaling 55 articles of
which 47 relevant articles were used in this report.

Of the 57 articles from the database search, only 29
articles were retrieved from this list. The articles not re-
trieved were eliminated due to language issues, and a lack
of relevance determined from the abstract, and due to an
inability to procure the article. All of the articles retrieved
by hand searching were used in this report. The remaining
eight articles that were retrieved and not used was due to
a lack of relevance to the subjects covered in the narrative
review after reading the full article.

Discussion

Origin

The DSN is typically reported to arise from the anterior
ramus of the C5 nerve root directly or as the first branch
of the superior trunk of the brachial plexus.® In a cadav-
eric study, Ballesteros and Ramirez® found that this usual
presentation was only in 17.9% of cadavers. In another
30.4%, it still arose from the usual position but shared
a common branching trunk with the long thoracic nerve.
The other reported variations included C4 in 28.4% and
C4 and C5 in 23.1%. In a cadaveric case report by Shilal
et al’, the DSN was found to have input from the C6
nerve root. Interestingly, the long thoracic nerve on this
individual arose from the C6 and C7 nerve roots only with
an aberrant communicating branch between the dorsal
scapular and the long thoracic nerves.

In another cadaveric study by Tubbs ef al.'®, the DSN
originated from C5 in 19 of the 20 sides (10 cadavers)
with one originating from the C5 and C6 spinal nerves.
In a cadaveric study done by Lee et al.**, the DSN ori-
ginated from the fifth cervical anterior ramus in 75.8%
of the cases. In 9.0%, it arose from the superior trunk of
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Figure 1.
Pathway of the dorsal scapular nerve

the plexus while in 7.6% it was from the fourth and fifth
cervical anterior rami and in another 7.6% from the sixth
cervical anterior rami. In the anatomic study by Chen et
al?', one patient had bilateral input to the DSN from C3-
4.

In a cadaveric study by Nguyen er al.”, they reported a
C5 origin in 70% (16 of 23 cadavers), 22% from C4 and
8% from C6. No combination of nerve roots was reported
in this study. In a study by Malessy et al.*® on four cad-
avers (one side only, two male and two female), the DSN
arose from C4 and CS5 in all specimens. It seems that the
DSN has been erroneously reported as arising from C4 to
T1'°%728 "and from C8 only*.

Pathway

The course of the DSN as described by Chen et al.*', has
it immediately pass obliquely and inferiorly through the
middle scalene without innervating it. Classically, the
middle scalene is described as acting to flex the cervical
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Figure 2.

Dissection showing the dorsal scapular nerve.
The dorsal scapular nerve is shown innervating the levator scapulae, rhomboid minor and rhomboid major muscles.
The rhomboid major and minor are reflected from the midline showing the DSN attached to the anterior aspect of each.
Also shown is the C3 and C4 nerves innervating the upper portion of the levator scapulae

spine when contracting bilaterally, ipsilaterally laterally
flex and contralaterally rotate the cervical spine when act-
ing unilaterally, and to elevate the first and possibly the
second rib with forced inspiration.?>! Olinger and Hom-
ier® and Buford et al.*? suggest that the scalenes have the
ability to ipsilaterally rotate the cervical spine and can be
stretched with both ipsi and contralateral rotation. The
middle scalene is normally innervated by branches from
the anterior rami of the third through eighth cervical spin-
al nerves®. The middle scalene is often described as an
entrapment site of the DSN?' and thus its function may
play a part in determining the role of the cervical spine in
the tensioning of the DSN.

The DSN then runs inferiorly and slightly laterally be-
tween the superior fibres of the upper trapezius medially
and the levator scapulae laterally. It then passes deep to
the upper trapezius fibres as they curve/course lateral-
ly toward the acromion, lying anterior to the rhomboid
major and minor but posterior to the serratus posterior
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superior muscle (SPS). The main trunk of the DSN lies
medial to the medial border of the scapula as it travels
inferiorly to the inferior medial border of the scapula that
typically ends at the level of the T7 spinous process®' (see
Figure 1 and 2).

A case report by George and Nayak™ described a vari-
ation of the pathway. They found that the DSN came from
the anterior ramus of C5 and made a loop around the deep
branch of the cervical artery suggesting a possible mech-
anism of compression. It then continued along its normal
path as described above. In the Tubbs et al.'® study, they
reported that in all twenty sides, the DSN was intertwined
with the dorsal scapular artery and was found along the
anterior border of the rhomboid major and minor muscles.
In the study by Lee et al.**, the DSN pierced both the mid-
dle and posterior scalene in 6.4% of the cases. Martin and
Fish* report the DSN piercing the levator scapulae as it
travelled inferiorly in nine of their 35 dissected specimens
suggesting a possible area of compression.
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In the cadaveric study by Nguyen et al.®, the DSN
pierced the middle scalene in 74% of their cases, while
passing anterior and posterior to the middle scalene in
26% (13% each).

Function

The DSN’s main function is the innervation of the rhom-
boid major and minor which retract, elevate and stabilize
the scapula. It also acts to rotate the lateral border of the
scapula downward.*

The DSN will also innervate the levator scapulae
(LS) muscle. In a cadaveric study, eleven of the thirty-
five specimens showed DSN innervation of the LS.* The
other source of innervation to the LS is C3 and C4 via
the cervical plexus.* The LS mainly acts to elevate the
scapula, rotate the glenoid cavity inferiorly by rotating the
scapula and will retract the scapula.’' It also acts as an
accessory breathing muscle during dysfunctional breath-
ing.?’

The DSN was reported to innervate the LS only in 48%
of the cases described by Nguyen et al.® In the other 52%
of the cases, the DSN innervated the LS and the rhomboid
minor and major muscles combined. This is the first study
found that describes the DSN as only innervating the LS
and no mention was made of what was providing innerv-
ation to the rhomboids in these cases.

In the cadaveric study by Malessy et al.*®, they report
that the cranial aspect of LS was innervated by a branch
from C3, with the caudal aspect innervated by C4 that
combined with a C5 branch to supply the rhomboids in all
four specimens.

Kida and Tani*®, in a cadaveric case report showed
the DSN sending a branch to innervate the SPS muscle.
Vilensky et al.** describe the medial origin of the SPS as
the spinous process of the sixth cervical to the second
thoracic. It traverses obliquely, laterally and inferiorly to
insert on the upper border of ribs two to five just lateral to
their angle. Its normal innervation is the intercostal nerves
ranging from T1 to T4 or T5.* According to Vilensky et
al ¥, most textbooks describe the SPS as having a respira-
tory function due to its location on the ribs. They suggest
that it may not in fact be active during respiration but may
have a proprioceptive function for the thoracic spine pos-
sibly during respiration.

Normally, the dorsal scapular nerve contains only mo-
tor fibres, but an old dissection case report'’ describes
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sensory fibres from the nerve that innervated a small area
of skin at the level of the fifth and sixth thoracic vertebrae.
This finding may suggest a connection from the cervic-
al spine to notalgia parasthetica, an elusive diagnosis of
pruritis and/or pain and dysesthesia in an area of the mid
scapular region.

Epidemiology

Musculoskeletal thoracic pain is common in the general
population. The annual prevalence of thoracic spine pain
in adults ranges from 15.0% in Swedish adults (aged 35
to 45 years) to 34.8% in Swedish working adults (aged
16 to 65 years).>* The lifetime prevalence for thoracic
spine pain in adolescents was 15.6 to 19.5%.° In a study
by Briggs et al.?, it was reported that factors associated
with thoracic spine pain in children and adolescents in-
cludes female gender, postural changes associated with
backpack use, backpack weight, participation in specific
sports, chair height at school, and difficulty with home-
work. In adults, thoracic spine pain was associated with
concurrent musculoskeletal symptoms and difficulty per-
forming activities of daily living. Thoracic pain is also
commonly associated (65.5%) with neck pain in individ-
uals injured in motor vehicle accidents.’

Pain and dysfunction arising from compression of the
DSN has often been reported as rare*“°, or not included
as a cause of neurologic related shoulder injuries*, or as
a differential diagnosis in posterior upper thoracic pain*’.
However, a report by Sultan er al.' suggests that this may
not be the case. In their study, 55 patients with unilateral
interscapular pain were evaluated. The diagnosis for these
patients varied from no diagnosis to thoracic degenera-
tive discogenic pain, costovertebral joint dysfunction, le-
vator scapulae syndrome, thoracic facet syndrome, dorsal
back strain, myofascial pain of the rhomboids and finally
DSN entrapment. They found that there was evidence of
DSN neuropathy in 29 patients (52.7%) and another five
were at the upper cutoff limit which would bring the total
to 61.8% if these were counted as having DSN involve-
ment.!

In the study by Chen ef al.?!, they examined and treat-
ed 36 patients with dorsal scapular nerve compression.
There were 28 female and eight male patients whose ages
ranged from 29 to 52 years with an average age of 34
years. Of the 36 patients, symptoms were unilateral in 34,
two were bilateral, 20 were on the right side and 16 on the
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left. Sultan er al.' included 42 women and 13 men, and
an age range of 22 to 52 years (average 40.2). There were
29 patients that had symptoms on the right side and 26 on
the left. Only 29 of these patients were considered test-
ing positive for DSN neuropathy on electrophysiologic
evaluation but these were not broken down into gender.

Signs and Symptoms

DSN neuropathy may present on a spectrum from com-
plete function to complete atrophy of the muscles it in-
nervates. This spectrum would include varying levels of:
pain intensity and character along a portion of or its entire
pathway; and tightness and weakness in the muscles it
innervates.! Other symptoms may include dysesthesia and
pruritis in the midscapular region', and radiation of the
pain along the posterolateral aspect of the shoulder, arm,
and forearm?'*#%3. Chen et al.?' also report DSN involve-
ment in neck, axilla, and lateral thoracic wall pain.

Other findings may include a loss of pinprick sensa-
tion medial to the scapular border!, and varying levels of
loss of range of motion of the cervical spine, typically
ipsilateral rotation and contralateral lateral flexion*>*. A
loss of range of motion of the affected side shoulder has
also been outlined although no specific movements were
described.!* Cervical flexion, ipsilateral lateral flexion',
and extension'® have also been reported to aggravate the
pain along the DSN. Pain on palpation of the thoracic
spinous?', thoracic facet and costotransverse joints may
also be present'. Relative hypertrophy and spasm of the
neck musculature has also been reported.”” An elongat-
ed C7 transverse process has been reported in association
with this condition by a few authors.!?!4°

Weakness of the rhomboids may cause varying lev-
els of winging of the scapula. Ravindran® describes two
cases of suprascapular neuropathy in a brother and sister
that played volleyball at a high level. Each had electro-
myographical confirmation of chronic neurogenic chan-
ges in the supraspinati, infraspinati and rhomboid muscles
with normal findings in the trapezius, deltoid and serratus
anterior. The neurogenic changes mentioned presented as
muscle weakness and wasting of the infraspinatus, as well
as weakness in the supraspinatus and rhomboids. Both
had mild winging of the scapula that didn’t change with
shoulder ranges. It was postulated that they either had a
concurrent DSN neuropathy or an anatomical variation
of the suprascapular nerve innervating the rhomboids —
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which has not been reported in cadaveric studies.** Mod-
erate to more severe cases of scapular winging due to
DSN injury are reported by several authors.!?2843-47

Benedetti er al.*® describe the case of a 24 year old
woman that presented four years after a crash in which
she sustained a pelvic fracture as well as abdominal and
chest trauma. For the past year, she had been experien-
cing upper back pain with constant left shoulder pain with
radiation and weakness of the left upper limb. An MRI
showed no sign of a C5 radiculopathy. She presented with
left scapular winging along with severe global loss of
range, tingling and numbness in the left upper limb and
tremor with the initiation of active movment. There was
no mention of range of motion findings of the cervical
spine. An EMG study was performed confirming signs of
denervation of the left rhomboid suggestive of a DSN le-
sion.

Plezbert and Nicholson*’ report on a case of a 28 year
old with persistent cervical and thoracic pain along the
medial border of the scapula and left shoulder weakness.
The patient had been originally diagnosed with cervic-
al-thoracic myofascitis but was re-examined due to little
progress. The re-exam noted weakness in the rhomboid
(3/5) and posterior deltoid (4/5) with mild inferior scapu-
lar angle winging. Reflexes and sensory testing was found
to be within normal limits. Restrictions on palpation were
noted in the cervical, upper thoracic and left upper cos-
tovertebral joints. Deep palpation of the anterior and mid-
dle scalenes, as well as, left cervical rotation and cervical
extension recreated the pain along the medial border of
the scapula. The patient’s diagnosis was subsequently re-
vised to having a left DSN entrapment neuropathy sec-
ondary to scalene myofascitis. Radiographs of this patient
showed a flattened thoracic kyphosis and a congenital
block vertebrae at C2-3.

Etiology
The main etiology described for DSN entrapment is hy-
pertrophy of the middle scalene muscle causing compres-
sion of the nerve as it passes through.?! Mondelli ef al.*®
describes the case of DSN neuropathy in a bodybuilder
whom they felt had tractioned the nerve in a hypertroph-
ied middle scalenus muscle during exercises of neck flex-
ion and heavy shoulder raises and lowers.

There are several other case reports in the literature
that outline a variety of different mechanisms. In a case
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of repetitive lifting, Argyriou et al.** describe rhomboid
atrophy and scapular winging secondary to DSN neurop-
athy in a worker required to manually handle and carry
bags weighing eight kilograms across his body. Haim
and Urban® describe the case of a rhomboid dystonia fol-
lowing thoracic disc surgery that required DSN blocks to
resolve. Debeer et al.*® report on a case involving a 15
year old girl. The girl was being treated for three years
for idiopathic scoliosis utilizing a corrective brace that
the authors felt caused a compressive neuropraxia to the
DSN and subsequent, severe shoulder dysfunction sec-
ondary to scapular winging. Ravindran®, as mentioned,
describes siblings with suspected DSN neuropathy due to
repetitive overhead activity related to volleyball. Kugler
et al> mention an estimate by Dubotzky and Leistner
that a highly skilled volleyball attacker practicing 16 to
20 hours per week will spike the ball approximately 40
000 times per year. Kaplan et al.** describe a case of an 18
year old female with a one year history of right scapular
pain and mild scapular winging. Denervation of her right
rhomboid major and levator scapulae were found and at-
tributed to 30 months of continuous studying (four to five
hours per day) for a weekly three hour exam. This case
suggests that continuous stretch of the DSN secondary to
poor posture may be enough to cause a chronic neurop-
athy. Akgun et al."” describes a more acute case of DSN
injury in a 51 year old man that felt a sharp pain in the
right shoulder after lifting a heavy box overhead. In an-
other case report, Jerosch et al 3! describes the case of a 19
year old female that anteriorly dislocated her right shoul-
der following a fall in judo. Two surgeries to stabilize the
shoulder were unsuccessful and upon presentation to a
new clinic, winged scapula with atrophy of the rhomboids
and serratus anterior were noted. EMG confirmed damage
to both the long thoracic and DSN.

In the study by Sultan ef al.!, two of the 29 patients
with DSN neuropathy developed the condition acutely af-
ter lifting heavy objects overhead in a manner similar to
Akgun et al.””. The remainder described a gradual, insidi-
ous onset of the condition. In nine of these patients, they
related the onset of their symptoms to frequent, repetitive
use of their dominant side in overhead activities related to
work, recreation and sport. Of these nine patients, three
were teachers, two were painters, two electricians, one
was a volleyball player and one a basketball player'.

Brower* also suggests that a traction injury to the

136

nerve secondary to a whiplash event is a possible etiology
although no specific cases were discussed. Benedetti et
al®, describe a DSN lesion following a crash although
there was no mention of it being a car or other vehicle.
They felt her DSN injury was likely due to the chest
trauma sustained in the accident. No mechanism of in-
jury was mentioned in the case reported by Plezbert and
Nicholson.*’

In summary, the DSN may be injured due to overhead
activity during work and sport/recreation that may be re-
petitive and in some cases involve heavy loads, chron-
ic postural strain, iatrogenic (either post-surgical or post
bracing), or following a crash involving a motor vehicle
of some kind.

Possible role of DSN neuropathy in other conditions

Cervicogenic dorsalgia

Maigne suggests that 70% of common dorsal pain origin-
ates from the lower cervical spine.®>> This compares to
the estimate by Sultan et al.! who found that 53% to 62%
of patients in their study with unilateral interscapular pain
had DSN neuropathy. Maigne® and Terrett™ both report
that women are more affected than men with Terrett>* es-
timating it at a 6:1 ratio. This ratio is slightly higher than
the DSN gender ratio of 3.5:1 in Chen et al.?' No mention
of side to side differences was mentioned in Maigne®, Ter-
rett> or Engel and Gatterman’ or how often the condition
may be bilateral.

Engel and Gatterman’ suggest that the cause of the
cervical spine irritation that’s creating the thoracic spine
pain may lie in a variety of structures including the disc
and the facet and the diagnosis should include these as
the primary diagnosis with the thoracic pain mentioned as
an associated symptom. The difficulty in diagnosing this
condition is the patient may consistently deny any asso-
ciated neck pain especially in the subacute and chronic
stages’>* which is similar to DSN neuropathy'.

Maigne® and Terrett> describes the interscapular pain
of CD as well localized or diffuse, a cramping sensation,
the sensation of a weight, a burning or painful tension, a
feeling of fatigue and/or a deep-seated intrathoracic pain.
They also suggest that cervical ROM may range from
normal, to minimally to markedly decreased in certain
directions. Again, similar to DSN neuropathy, the inter-
scapular pain in the cases described by Terrett™® were re-
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created by ipsilateral cervical spine rotation and further
increased by cervical extension from the rotated position.
The pain usually decreases with rest, however, it may
be aggravated during sleeping especially if the patient’s
preferred position is prone with rotation to the affect-
ed side.®’** There is no mention of radiation of the pain
across the scapula and along the posterolateral arm with
CD unlike in DSN neuropathy.?'-*

Maigne® also describes a “cervical point of the back”
found during the physical exam for CD. Maigne® suggests
that this point is a consistent point of pain just lateral to
the spinous processes (2 cm) which is found with palpa-
tion between the TS5 and T6 spinous in a large percentage
of patients. This is very similar to the pain at the thoracic
spinous described by Chen er al.?' in patients with DSN
neuropathy. Maigne® also describes a mid-thoracic “cel-
lulalgic band” found by skinrolling. This feature has not
been described in the literature pertaining to DSN irrita-
tion although it has been mentioned with regard to notal-
gia paresthetica."

Radiographic findings of the cervical and thoracic
spine are often negative similar to those taken in patients
with DSN neuropathy. Similar to a DSN neuropathy, CD
is often misdiagnosed as a subluxated rib or a trigger
point’*2, thoracic posterior facet syndrome, thoracic sub-
luxation, T4 syndrome, discogenic disease, costovertebral
lesion, intercostal muscle spasm, interscapular or scapu-
lar muscle spasm’.

The “anterior doorbell sign” described by Maigne®
consists of recreating the intrathoracic pain by applying
pressure to the “responsible level and at the anterolateral
part of the spine”. Maigne® suggests it is an inconstant
finding and is positive in six of ten cases of thoracic pain
of cervical origin. He also suggests that to find the “cer-
vical doorbell point” you may have to vary the palpation
point by a few centimetres®. Engel and Gatterman’ sug-
gest that the “cervical doorbell point is the location of the
emergence of the anterior nerve root and is often mistaken
for a “scalene trigger point”. The location of the structure
described by Maigne®, and Engel and Gatterman’ may be
the location of the DSN as it pierces the middle scalene as
it branches from the anterior rami?'.

Treatment of CD is focused on the cervical spine®’>?
with the predominant therapeutic modality being ma-
nipulation and less often exercise and massage or soft
tissue therapy to the thoracic and cervical spine muscu-
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lature. Manipulation of the thoracic facet and costovert-
ebral joints is often met with temporary relief only and
should tip the practitioner to a different primary cause of
the intrathoracic pain.’* Plezbert and Nicholson*” describe
the successful treatment of a case of DSN neuropathy
secondary to scalene myofascitis. The patient was treat-
ed with trigger point therapy of the scalene musculature,
high-volt galvanized current to the rhomboid muscle util-
izing muscle strengthening settings, as well as chiroprac-
tic manipulation to the cervical, thoracic and upper pos-
terior ribs.

There is no mention of scapular winging in any of the
cases or papers by Engel and Gatterman’, Maigne®, or
Terrett> and none of them mention the possibility of the
thoracic pain being the result of a DSN neuropathy.

Considering the few differences, the similarities in
presentation of DSN neuropathy and CD suggest that fur-
ther investigations should be carried out to see if they are
in fact one and the same.

Notalgia paresthetica

Notalgia paresthetica (NP) is a condition characterized
mainly by unilateral pruritis in an area medial to the
scapula and lateral to the thoracic spine.!'""> Tt is often ac-
companied by pain, numbness or tingling, paresthesia, or
hyperesthesia and is commonly found to have local hyper-
pigmentation thought to be the result of chronic scratch-
ing."”” One author suggests that it may be that “unreach-
able itch” that led not only humans but primates (apes
in particular) to develop back scratchers to deal with it."?
Ellis' also suggests that “pruritis is an often unrecognized
symptom of nerve damage”. This condition was first de-
scribed by Astwazaturow in 1934 but remains difficult to
treat even today.'

The condition is thought to be neurogenic in origin due
to the relative, short term effectiveness of drugs used to
aid in the treatment of nerve pain including topical cap-
saicin, botox, nerve blocks and gabapentin.”> Most often
NP has been attributed to the entrapment of the T2-T6
posterior rami that supply cutaneous innervation to the
area but its true etiology remains elusive.'® Some authors
suggest that the entrapment may be due to spasms of the
paraspinal musculature, mainly the multifidus, the scapu-
lar stabilizers including the rhomboid and trapezius, or
impingement due to degenerative changes in the thoracic
spine and/or thoracic herniated discs.” Other treatments
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aimed at the proposed neuromusculoskeletal pathologies
have also had some success at treating NP including ex-
ercise, acupuncture, and osteopathic treatment including
muscle energy, soft tissue, inhibition and fascial release
of the area!' as well as ultrasound and radiation physio-
therapy>*. Another case series of patients with long thor-
acic nerve injury or of the C5-7 cervical roots found that
muscle stimulation (EMS) of the serratus anterior was
helpful in the treatment of NP.!?

The findings of AF Dixon'” in 1896 that the DSN
had cutaneous branches that innervated the skin in the
mid-scapular area suggests a possible direct link of NP
and DSN neuropathy. Sultan et al.' in fact describes two
patients with DSN entrapment that have a concurrent itch-
ing sensation along with pain and one of the two patients
had reduced pinprick sensation in the area just medial to
the scapular border. Along with the pruritis, pain along
the medial scapular border seems to be a feature of NP
which has already been discussed previously with respect
to DSN neuropathy!.

Notalgia paresthetica, like DSN neuropathy, is pre-
dominantly a chronic condition found in middle to older
aged women at a 2:1 or 3:1 ratio versus men.>* In a re-
view by Perez-Perez'?, the author’s personal observation
suggests NP may be as high as 9:1. In a study by Wallen-
gren>, their patient distribution was 4:1 women to men,
age range 35 to 70 years with a mean age of 59 years, with
a unilateral distribution in 19 of the 20 (left side 13, right
side six) with one patient having the condition bilaterally.

The DSN has a known anatomical and functional link
to the long thoracic nerve®®?! so EMS of the serratus
anterior may be beneficial to DSN neuropathy although
this has not previously been shown in the literature'.
The aforementioned cases of NP did not note any assess-
ment of the cervical spine or any exacerbation of symp-
toms with neck movement, although neck related injury
or surgery to the C5-7 area were described in two of the
four cases by Wang et al.'”” Also, an NP case of two years
duration was reported by Alai et al.* to have a decreased
range of motion in the neck (specific directions were not
reported) associated with noticeable bilateral cervical
muscle spasm greater on the left. The patient did have a
history of multiple motor vehicle accidents resulting in
whiplash associated injuries to the neck and infrascapular
back area 15 to 20 years prior. The patient’s cervical spine
MRI revealed degenerative changes and mild disc protru-
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sions of C4 through C7 which were felt to be contribut-
ing factors to the NP.>® Richardson'" also reports a case of
NP with associated neck, upper back and low back pain
of approximately two years duration with symptoms that
began following a rear-end motor vehicle accident. Their
patient also demonstrated decreased cervical range of
motion as well as tissue texture changes in vertebrae T2
through T7 with tenderness of the corresponding spinous
processes and “an appreciable ropy and fibrotic texture at
the left scapula”''. The tissue texture changes sound sim-
ilar to those described by Maigne® with regard to changes
found in CD. In two cases of exercises being used to treat
NP, rhomboid weakness was noted causing protracted
scapula.”” It was postulated that the NP was caused by a
constant stretch of the T2 to T6 spinal nerves. This mech-
anism, however, may also cause a constant tension on the
DSN resulting in DSN neuropathy and increasing rhom-
boid weakness if prolonged.!

One area where the comparison between DSN neur-
opathy and NP requires further study is a small portion
of the affected area itself. The T6 dermatome falls below
the level of the inferior border of the scapula® and thus
below the level of the rhomboid attachment on the infer-
ior medial border of the scapula. This would suggest that
the DSN neuropathy alone would not affect this area al-
though a possible combination of DSN neuropathy and
thoracic cutaneous nerve neuropathy, as outlined later in
the discussion, may be the potential cause.

SICK scapula

SICK scapula is an acronym that stands for Scapular mal-
position, Inferior medial border prominence, Coracoid
pain and malposition, and dysKinesis of scapular move-
ment." SICK scapula is a complex of scapular issues af-
fecting overhead athletes. Certain components of SICK
scapula bear a striking resemblance to the findings of
DSN neuropathy. Burkhart, Morgan and Kibler'® report
that patients with an isolated SICK scapula “may com-
plain of anterior shoulder pain, posterosuperior scapular
pain, superior shoulder pain, proximal lateral arm pain or
any combination of the above. In addition, posterosuperi-
or scapular pain may radiate into the ipsilateral paraspin-
ous cervical region or the patient may complain of radicu-
lar/thoracic outlet type symptoms into the affected arm,
forearm, and hand ...”. In particular, the type II pattern
of dynamic scapular dyskinesis has entire medial bor-
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der winging of the affected scapula at rest that becomes
more prominent with the cocking and elevation phase of
pitching. They suggest that it is associated with upper and
lower trapezius and rhomboid muscle weakness.'® They
also suggest that continued SICK scapula can lead to ro-
tator cuff impingement, SLAP lesions and possible “dead
arm”.'®

DSN neuropathy should be considered in these patients
especially with scapular winging, interscapular pain, and
radiation along the posterolateral arm and forearm.' DSN
neuropathy has been shown to be associated with overuse
injuries sustained in overhead athletes.!?

Posterolateral Arm Pain — C5 Peripheral Nerve Neur-
opathy

Many authors report a posterior shoulder/posterolateral
arm pain pattern associated with DSN neuropathy, scapu-
lar dysfunction and shoulder injuries.!'820-23435° This may
be accompanied by occasional pain to the forearm and
posterior hand**?* and the axilla and lateral thoracic wall?'.

There is debate in the literature surrounding the exist-
ence of active and latent trigger points and their ability
to refer pain versus the pain being of peripheral nerve
origin %! If you briefly examine the pain pattern from
both sides, there are some interesting similarities and
omissions when it comes to this particular pain pattern.
From a peripheral nerve standpoint, the pain pattern out-
lined above would suggest involvement of the DSN, long
thoracic (lateral thoracic wall), suprascapular (scapular)
and radial nerves (posterolateral arm and forearm) and
possibly the axillary (posterolateral shoulder) and muscu-
locutaneous nerves (posterolateral forearm). The common
thread for these nerves would be the C5 nerve root sug-
gesting a C5 peripheral nerve neuropathy. Anecdotally,
the DSN, suprascapular, long thoracic and radial nerves
are more commonly involved as a group.”® The axillary
and/or musculocutaneous nerves are rarely combined
with the other four when this pain pattern is present. The
median nerve also shares a C5 nerve root but again, anec-
dotally, is rarely involved. The reason for the inclusion
or exclusion of particular C5 related peripheral nerves is
unknown.

A review of the particular trigger point referral patterns
outlined in Travell and Simons upper limb trigger point
manual® revealed the following: the rhomboids (innerv-
ated by the DSN) refer locally as well as over the scap-
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ula; the levator scapula (innervated by the DSN in 31%-
100%*) refers to the rhomboid, scapula and posterior
shoulder area; the serratus anterior (innervated by the
long thoracic nerve) refers to the rhomboid area as well
as the medial arm, forearm and hand (in the distribution
of the ulnar nerve); the scalenes (innervated segmentally),
supra and infraspinatus (innervated by the suprascapular
nerve) and the tricep brachii (innervated by the radial
nerve) refer pain along the upper back, across the scapula,
down the posterolateral arm to the hand in the exact pain
pattern described. The posterior deltoid (innervated by
the axillary nerve) will refer locally and into the posterior
upper arm while the coracobrachialis (innervated by the
musculocutaneous nerve) will refer in the posterolateral
arm and forearm.®> The bicep brachii and brachialis (also
innervated by the musculocutaneous nerve) will refer
locally and to the cubital fossa.®

Neither the trigger point nor the peripheral nerve theor-
ies seem to completely explain the posterolateral pain pat-
tern described in DSN neuropathy and further study to
determine the cause is suggested.

Etiopathology

Sultan et al.' suggests three possible mechanisms for the
cause of pain in patients with a known DSN neuropathy.
The first is entrapment or stretch, whether acute or pro-
longed, of the nerve can induce neuropathic trunk pain
which involves the nervi nervorum. The second mech-
anism is the presence of myofascial pain syndrome with
subsequent DSN entrapment in the taut bands of the
rhomboids containing the trigger points. The third mech-
anism is the pain is caused by the stretching of the cuta-
neous nerves from the thoracic posterior primary rami to
the area due to scapula winging — similar to the mechan-
ism proposed to explain NP — even though the pain may
be there in the absence of scapular winging.!

The first mechanism outlined by Sultan et al.! is a
plausible initiating factor of the neuropathic trunk pain
and subsequent pain pattern. This is due to the activation
of the nervi nervorum that are nociceptive®® and irri-
tated with stretching of the nerve they innervate. With
nerve compression, Mackinnon® describes a process by
which there is an interruption in the blood-nerve barrier
that allows a leakage of fluid from the microvessels, or
vasa nervorum, supplying the nerve. The blood-nerve
barrier breakdown allows entry to, and an accumulation
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of, inflammation related mediators that causes edema
and eventually scar formation.®> Sultan et al.' outlines a
mechanism proposed by Ellis® to explain thoracic out-
let syndrome that suggests that this type of trauma to the
nervi nervorum creates a cycle of inflammation within the
perineurium that results in an individual nerve “internal
compartment syndrome”. Mackinnon describes a similar
process calling it a “mini-compartment” syndrome within
the nerve.® With repeated or continued trauma, there is a
vicious cycle of neural desensitization that causes more
inflammation with even less trauma.

Along with the inflammation within the nerve, Ellis®
suggests that highly innervated and inflammatory fibrous
bands and persistent adhesions are formed that adhere
the nerve to adjacent structures which further limits the
movement of the nerve. This seemingly describes the
mechanism behind the double crush syndrome as outlined
by Upton and McComas.®” They originally hypothesized
that proximal level nerve compression could cause more
distal sites to become compressed® ¢’ calling it a “double
crush”. This was further expanded to suggest that it was
more of a multiple crush situation and also that more dis-
tal compression sites could cause proximal site compres-
sion, a reverse double crush.®® The development of the
fibrous bands along the route of the nerve would create
individual tension sites adding to the inflammation and
suggesting the need to evaluate the nerve along its entire
route prior to treatment. This could also help explain the
estimated 1% to 25% failure rate for carpal tunnel release
surgery.®®

The increasing compartment pressure in the nerve
causes more compression of the nervi nervorum causing
further pain and fibroblast proliferation, and continued
fibrosis. The inflammation, if not identified and treated
appropriately, can spread both perineurally (within the
nerve) and endoneurally causing activation of the CNS .5
Ellis®® suggests that this can then cause the subsequent
inflammation of other adjacent/connected nerves, and can
lead to mirror symptoms in the opposite limb.

Although there is debate in the literature regarding
the existence of active and latent trigger points®¢' as a
theory of myofascial pain syndrome, most manual ther-
apists would agree that taut, palpable, painful bands in
muscle can be found in all areas of the musculoskeletal
system. It is conceivable that these taut bands could be
initiated by DSN neuropathy and not the reverse. In 21 of
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the 29 patients with DSN neuropathy in the paper by Sul-
tan ef al.', the primary diagnosis was myofascial pain syn-
drome of the rhomboid major with identified taut bands.
Further to this, the taut bands could cause entrapment of
the thoracic medial cutaneous nerves from the thoracic
posterior primary rami that supply this area as they pass
directly through the rhomboid and trapezius on their way
to the skin."> To continue this argument, if DSN neurop-
athy causes scapular winging in these individuals, trac-
tion of these cutaneous branches could occur causing both
compression and traction. This would create continued
inflammation and nervi nervorum irritation within these
nerves causing both pain and sensory changes in the area.
(See Figure 3).

This may help to explain the mechanism behind NP.
It is interesting to note that two of the patients with DSN
neuropathy in the paper by Sultan et al.! had both prur-
itis, (one of the two had diminished pinprick sensation)
and scapular winging. This may also be the cause of the
pain associated with skin rolling in the area as reported
by Maigne® with regard to CD, as discussed. Interesting-
ly, the “cervical point of the back” outlined by Maigne®
could also be due to irritation of the skin at the spinous
innervated by the medial branch of the posterior primary
rami. It may also help to explain the limited therapeutic
value of the use of topical applications in NP> in that the
cutaneous nerves may only play a partial role. (See Figure
3).

The spread of the inflammation into adjacent nerves as
outlined by Ellis®, would help to explain the posterolat-
eral arm pain pattern (suggested C5 peripheral nerve neur-
opathy) as outlined above. As the inflammation spreads to
the other nerves, intuitively, they also become susceptible
to fibrosis and persistent adhesions — their own multiple
crush situation.” This becomes very important clinical-
ly, as Mackinnon further states, “this concept of double
or multiple crush is important clinically in patients who
demonstrate multiple levels of nerve compression, as
failure to diagnose and treat these multiple levels of in-
jury will result in a failure to relieve the patients’ symp-
toms.”®. The effectiveness of treating some or all of the
C5 nerves (DSN, suprascapular, long thoracic and radial)
and the effect on outcomes should be investigated. (See
Figure 3).

DSN neuropathy, like other neuropathies, may exist on
a spectrum that includes various levels of pain intensi-
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Figure 3.
Proposed mechanism of dorsal scapular nerve neuropathy, notalgia paresthetica, C5 peripheral nerve neuropathy and
SICK scapula/scapular winging.

ty, dysesthesia and tingling and atrophy of the supplied
musculature. It may also show various levels of spread
to other adjacent nerves. Anecdotally, most patients reach
a particular level of pain only and do not progress to
dysesthesia/numbness/tingling or atrophy or irrecover-
able nerve damage. It is assumed that the Etiopathology
as proposed (in Figure 3) must reach an “equilibrium” of
sorts and the patient’s pain will wax and wane within a
defined range (ie. a 2 to a 4 on the pain scale). How or
why this equilibrium is reached in some patients and not
others is not within the scope of this paper but may be due
to the level of the initial trauma, the length of time of the
chronic compressive/traction cycle and/or the nerve fibre
type affected by the inflammatory cycle. The cycle could
also be affected by further acute trauma (such as a new or
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second motor vehicle accident) or a change in the overuse
related trauma to the affected area (such as a new (or a
change) in job description ie. overhead lifting, or constant
sitting with poor posture).

Conclusion
This article provides a review of the origin, pathway, and
function of the DSN along with the epidemiology, clinical
presentation and proposed etiologies of DSN neuropathy.
DSN neuropathy may be associated with or may be
the entity known as cervicogenic dorsalgia. It may also
play a role in notalgia paresthetica, SICK scapula and a
commonly reported pain pattern along the posterolateral
arm and forearm associated with neck, upper back and
shoulder pain. Further study is recommended to explore
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the

possible role of DSN neuropathy in these conditions

and the possible etiopathology theorized.

It is recommended that DSN neuropathy be considered
as a potential contributor to upper to mid thoracic pain
and may be the sole cause in some cases. It is hoped that
practitioners will begin to include it in their list of differ-
entials in this group of patients.
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Perianal abscess mimicking levator ani
syndrome: a case report and approach to the
differential diagnosis of anorectal pain.
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Objective: To present the clinical management and
comprehensive differential diagnosis of a patient with
anorectal pain from a perianal abscess.

Clinical Features: A 41-year-old woman presented
with pain localized to her perianal and gluteal region,
accompanied by internal and external rectal pain. Prior
to presentation, the patient had received a working
diagnosis of levator ani syndrome.

Intervention and Outcome: An interdisciplinary
management approach was utilized. Diagnostic imaging
confirmed the clinical suspicion of a perianal abscess
and the patient underwent surgical drainage.

Summary: Anorectal pain is complex and
multifactorial and a diagnosis such as an abscess
should not be overlooked. This case emphasized that

Objectif : Présenter le traitement clinique et le
diagnostic différentiel complet d’une patiente atteinte de
douleur ano-rectale découlant d’un abces périanal.

Caractéristiques cliniques : Une femme de 41 ans
se présente avec une douleur dans la région périanale
et fessiere, accompagnée de douleur rectale interne et
externe. Avant la présentation, la patiente a recu un
diagnostic de travail de syndrome du muscle élévateur
de ’anus.

Intervention et résultats : On a utilisé une approche
de prise en charge interdisciplinaire. L’imagerie
diagnostique a permis de confirmer le soupcon clinique
d’abces périanal et la patiente a subi un drainage
chirurgical.

Résumé : La douleur ano-rectale est complexe et
multifactorielle; il ne faut pas négliger un diagnostic tel
qu’un abces. Ce cas souligne que les praticiens doivent
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practitioners must be diligent in their evaluation and
management of patients with anorectal pain, including
recognizing situations that require further imaging and
interdisciplinary management.

(JCCA. 2017:61(2):145-152)

KEY WORDS: chiropractic, perianal abscess, levator
ani syndrome, anorectal pain, differential diagnosis

faire preuve de diligence lors de leur évaluation et prise
en charge des patients qui souffrent de douleur ano-
rectale, y compris reconnaitre des situations nécessitant
une imagerie et une prise en charge interdisciplinaire
supplémentaires.

(JCCA. 2017;61(2):145-152)
MOTS CLES : chiropratique, abces périanal, syndrome

du muscle élévateur de 1’anus, douleur ano-rectale,
diagnostic différentiel

Introduction
Anorectal pain can be a debilitating condition for patients
and a diagnostic challenge for health practitioners. Chron-
ic or recurrent pain in the anal, rectal, or pelvic region has
been reported to occur in 7% to 24% of the population.'
Anorectal pain is very heterogeneous and can range from
mild discomfort secondary to myofascial pain, to incapa-
citating pain with life-threatening consequences, such as
in the case of abscess formation.>? Nonspecific symptoms
and a poor understanding of etiology compounds the dif-
ficulties surrounding management of patients with anor-
ectal pain and may lead to chronic and persistent symp-
toms.> There are cases where chronic pelvic and anorectal
pain cannot be explained by a structural or other specified
pathology and are termed functional chronic pain disor-
ders.* These conditions are poorly understood and are
often under recognized pain syndromes associated with
significant impairment, decreased quality of life, and
psychological distress.! Although practitioners should be
mindful of functional disorders in patients with chronic
anorectal pain, this diagnosis is one of exclusion after
structural causes are ruled out. Diagnostic considerations
for structural pathology that are commonly associated
with chronic anorectal pain includes cryptitis, fissure,
abscess, hemorrhoids, solitary rectal ulcer, inflammatory
bowel disease, and rectal ischemia.' Accurate diagnosis
can often be made based on a thorough history, physical
examination, and necessary ancillary work-up including
diagnostic imaging and laboratory investigation.’

We present a case of a patient with a perianal abscess
initially misdiagnosed as myofascial pain of the levator
ani muscle. This case report emphasizes the importance
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of a broad differential diagnosis for chronic anorectal
pain. Additional diagnostic evaluation and interdisciplin-
ary management is also discussed.

Case Presentation

A 41-year-old woman presented to an academic chiro-
practic clinic with complaints of severe sacrococcygeal
and gluteal pain, accompanied by burning and stabbing
internal and external rectal pain. The symptoms had been
intermittent for 6 months, lasting 3-4 days at a time, but
had become constant the week prior to her visit. There
was no history of trauma or other mechanism for her pain.
Aggravating factors included prolonged sitting, shifting
her weight while sitting, flatulence, and bowel move-
ments. She denied any hematochezia or hematuria associ-
ated with the onset of her pain.

Her medical history was remarkable for ulcerative
colitis, diagnosed at age 29, in addition to anxiety and
depression. Noted medications included Pentasa (Mesala-
mine) and monthly intravenous immunoglobulin (IVIG)
for her colitis. She had visited her gastrointestinal special-
ist the preceding month for an endoscopy, the results of
which were reportedly unremarkable. She was diagnosed
by her specialist at that time with a suspected levator ani
syndrome (i.e. myofascial pain of the levator ani muscle)
and was instructed to seek physical therapy for manage-
ment of her symptoms.

During the initial examination at the chiropractic clin-
ic, the patient was in visible pain and had difficulty ambu-
lating. There was no observed swelling, discolouration, or
deformity visualized over the gluteal or sacrococcygeal
region. Lumbar range of motion was severely reduced
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in all directions due to pain. A lower limb neurological
examination was unremarkable. Gluteal pain was repro-
duced with palpation of the sacrotuberous ligaments bi-
laterally, and digital pressure over the L4 and LS vertebral
segments during prone examination. Additionally, tender-
ness was elicited with palpation of the sacrum and ex-
ternal coccyx, as well as gluteal musculature bilaterally.
During the physical examination, paroxysmal pain lasting
several seconds, and not provoked by movement or test-
ing maneuvers, was reported.

Due to the severity of her pain and the erratic nature
of her symptoms, radiographs of the sacrum and coccyx
were ordered, demonstrating enlargement of the pre-sac-
ral soft tissues (Figure 1). There was no effacement of
the colon wall or underlying bone destruction on the
radiograph. The patient was subsequently referred to her
family physician for blood tests as well as pelvic and ab-
dominal ultrasounds to further evaluate pelvic soft tissues
and rule out a potential space occupying lesion, such as
from a sacral neoplasm.

She was also treated by a chiropractic intern on three
separate occasions over the course of three weeks to pro-
vide symptomatic relief while she was awaiting further
diagnostic testing. Ischemic compression was applied
to the sacrotuberous and sacrospinous ligaments and the
surrounding hip and pelvic musculature. Grades 1 and 2
mobilizations were performed at the sacroiliac joint. Af-
ter the second visit the patient reported a subjective de-
crease in the duration and intensity of her symptoms, with
minimal pain on bowel movements. On the third visit the
patient described a severe exacerbation of her rectal and
gluteal pain, return of pain with bowel movements, and an
incidence of bleeding during a bowel movement.

Blood tests revealed mild anemia, as well as elevated
neutrophils (8.2 [ref. 2.0-7.5] xE9/L) and high-sensitive
C-reactive protein (6.2 [ref. < 3] mg/L), suggestive of
inflammation or infection. An abdominal ultrasound was
normal. A pelvic and transvaginal ultrasound revealed
non-specific mild thickening of a segment of the sigmoid
colon with retention of the normal wall layers. The pa-
tient was then referred for a pelvic MRI, performed two
weeks following her initial assessment at the chiropractic
clinic. The MRI revealed evidence of a near circumfer-
ential horse shoe shaped abscess in the intersphincteric
plane, measuring lcm at its widest area; the opening ap-
proximately 3cm from the anus (Figure 2). A left-sided
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Figure 1.
Conventional lateral radiograph of the sacrum and
coccyx demonstrating enlargement of the pre-sacral soft
tissues (asterisk). The posterior colonic wall (arrows)
is uneffaced and there are no destructive sacral lesions.
Although initially interpreted as evidence for a pre-
sacral mass, the enlarged soft tissues in this patient
were secondary to fat deposition. This is an established
complication of chronic ulcerative colitis.

Bartholin cyst was noted which may have been secondary
to the underlying inflammatory process producing ductal
obstruction. There was no pre-sacral mass or fluid collec-
tion, but rather a notable amount of fat surrounding the
colon at this location consistent with the history of chron-
ic inflammatory bowel disease.®

Based on these findings, a diagnosis of perianal ab-
scess was made by the gastroenterologist. The patient was
subsequently scheduled for urgent surgery approximately
three and a half weeks post-MRI. Incidentally, a pre-sur-
gical screen of the patient revealed a pyoderma gangreno-
sum lesion initiating over her right shin; most likely sec-
ondary to her chronic inflammatory bowel condition.

At the hospital, she underwent an examination under
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Figure 2.
Axial T2-weighted fast spin-echo sequences.

(A) Perirectal fluid collection consistent with a horseshoe shaped abscess is outline by the arrows. The centrally
located rectum (asterisk) is also seen. (B) A Bartholin gland cyst (double asterisk) can be seen on the left side of
the distal vagina. Smaller discrete fluid collections are noted in a similar location on the patient’s right side. Pelvic
inflammation from the abscess may have caused duct obstruction and cyst formation.

anesthesia which identified an internal opening of the ab-
scess. Pus was expressed through the internal opening. No
external opening or fistula was identified and no incision
was required. The next day IVIG was administered to the
patient. Her peri-anal pain remained minimal, however
she did experience some stool leakage/incontinence the
day following her examination. At discharge the patient
was ambulating, tolerating an oral diet, and her peri-anal
pain had generally resolved. Her right shin pain at the
pyoderma gangrenosum lesions was under control with
opioids, appeared stable, and was covered with a non-ad-
herent dressing and gauze.

The patient returned to the chiropractic teaching fa-
cility for a follow-up appointment at one-month post-sur-
gery. She had not experienced any episodes of incontin-
ence since returning home from her surgery. She denied
any recent fever, night pain, or night sweating; however,
she reported a daily occurrence of blood in her stool since
the surgery, for which she was being monitored for by her
gastroenterologist. Moreover, she described complaints

148

of persistent gluteal pain and associated sacral pain, ag-
gravated by prolonged sitting, and lumbar stiffness, worse
in the morning. On physical examination, she demonstrat-
ed full lumbar spine ranges of motion with segmental re-
strictions noted at the lumbar spine and sacroiliac joints.
Point tenderness was reported with palpation of the left
sacrotuberous and sacrospinous ligaments, and gluteal
musculature. Apart from her pelvic complaints, the gan-
grenous lesion on her right shin was healing adequately.

The patient was treated by a chiropractic intern over
the course of three consecutive visits over three weeks.
Her therapy entailed spinal manipulation of the sacro-
iliac joints and lumbar spine, soft tissue therapy to the
surrounding hip and gluteal structures, and exercises em-
phasizing core stability. She was contacted by telephone
two months following her last chiropractic visit to inquire
about her status. She reported that her symptoms had sig-
nificantly improved to the extent where she was absent of
pain for three to four weeks and was no longer experien-
cing bleeding with bowel moments.
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The differential diagnosis for chronic anorectal pain is
extensive. Common organic causes include cryptitis, anal
fissure, perianal abscess (with or without fistula), hemor-
rhoids, solitary rectal ulcer, inflammatory bowel disease,
and rectal ischemia (Figure 3).2” A thorough and carefully
focused history and physical examination should be used
to identify signs and symptoms suggestive of these path-
ologies. Clinicians should also be cognizant that in spite
of a rigorous evaluation, previous literature has suggested
that in approximately 85% of patients presenting to a spe-
cialist with chronic anorectal or pelvic pain, an organic
disease explanation will not be found.' This may prompt
the consideration of functional anorectal disorders.

In the present case the patient’s medical history was
remarkable for ulcerative colitis, a known risk factor for
the development of anorectal complications.® It is esti-
mated that approximately 15-20% of patients with ulcera-
tive colitis will experience anorectal complications, the
most common being anal fissures, seen in approximate-
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seen in 5% of patients.®* An anorectal abscess typically
presents with pain that is constant and throbbing in char-
acter and exacerbated by ambulation and straining. This
is consistent with the present patient as she experienced
constant pain that fluctuated in waves of intensity, and
she had difficulty ambulating due to pain. Swelling, ery-
thema, fever, and a fluctuant mass are additional signs and
symptoms that may be present.®!°

Abscesses are classified according to their anatomical
location in the potential anorectal spaces formed by the
inner and outer layers of the pelvic floor musculature:
perianal (most common), ischiorectal, intersphincteric,
and supralevator (least common).”'? The ability of these
abscesses to track circumferentially through the anorec-
tal spaces around the anus or the rectum can result in the
formation of a horseshoe abscess™!!, as was the circum-
stance in the present case. Timely aggressive surgical
treatment under anesthesia, as done in this case, is ad-
vised to avoid prolonged morbidity and ensure low re-

149



Perianal abscess mimicking levator ani syndrome: a case report and approach to the differential diagnosis of anorectal pain.

currence rates.'” Consequences of delayed or inadequate
treatment of an anorectal abscess may be severe or even
fatal. If not drained, an abscess may spread and result in
fistula formation, bacteremia and sepsis, and/or tissue
necrosis.*'*'* Given the susceptibility of colitis patients
to anorectal complications, structural origins for chronic
anorectal pain, such as an abscess, should be prioritized
accordingly when considering differential diagnoses with
these patients.

For many patients with chronic anorectal pain, the
source of the pain cannot be definitively explained by a
specific pathophysiological mechanism', and these cases
are commonly defined as functional anorectal disor-
ders.*71+16 The absence of conclusive diagnostic biologic-
al markers for these functional gastrointestinal conditions
has led to the development of the Rome diagnostic criteria
for functional gastrointestinal disorders, that recognizes
two forms of functional anorectal pain: chronic proctalgia
and proctalgia fugax.* A diagnosis of chronic proctalgia
is made based on a history of chronic or recurring epi-
sodes of rectal pain, each lasting 20 minutes or longer,
and exclusion of other causes of rectal pain. This criterion
is fulfilled for the last 3 months with symptom onset at
least 6 months prior to diagnosis.'” Chronic proctalgia is
further characterized into two subtypes, levator ani syn-
drome and unspecified functional anorectal pain, based
on the presence or absence of reported tenderness during
posterior traction on the puborectalis musculature.'” This
taxonomy reflects the dominant hypothesis regarding the
pathophysiological basis of levator ani syndrome, which
is chronic tension or spasticity of the pelvic floor muscu-
lature.'*!® These pain syndromes pose many diagnostic
challenges for clinicians', largely owing to considerable
overlap of their symptoms, frequent coexistence, un-
known etiology and pathogenesis, as well as unpredictable
prognosis'®. Consequently, a comprehensive differential
diagnostic process in which worrisome considerations are
systematically excluded should be the foundation for an
accurate diagnosis."!®

Obtaining a detailed history of a patient with chronic
anorectal and/or perianal pain is a vital component of the
clinical interaction. This is especially relevant for clin-
icians whose scope of practice may limit the performance
of certain diagnostic techniques or procedures on these
patients, such as chiropractors operating in a predomin-
antly musculoskeletal environment. Billingham and col-
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1) Where does it hurt? 7) Does anything make

2) When does it hurt? the pain better?

3) When did the pain 8) Does anything make
start? the pain worse?

4) How long does the 9) Is the pain associated
pain last? with other symptoms,

5) What is the character such as rectal bleeding?
of the pain? 10) Do bowel movements

6) Does the pain radiate make the pain better or
or travel? worse?

Figure 4.
System-based approach to the history
for patients with anorectal pain’

leagues’ advocate for a system-based approach in the as-
sessment of anorectal pain that incorporates specific ques-
tions necessary for guiding the physical examination and
the decision-making process (Figure 4). The authors note
that these questions are not exhaustive or inclusive, and
supplementary questioning may be necessarily applied
to the individual symptoms. It is critical to inquire about
pain with defecation, as bowel movements are unlikely
to be associated with functional anorectal pain (such as
levator ani syndrome)>#, and in fact may even be relieving
for patients with levator muscle spasms®.

Anorectal pain that begins intensely during a bowel
movement that may persist for minutes to hours after
defecation is characteristically associated with an anal
fissure?*?; whereas, pain that is constant and is not altered
markedly by bowel movements is more typical of anal
abscesses and thrombosed hemorrhoids®. A small amount
of bright red blood on toilet paper or in the bowl during
defecation is often associated with hemorrhoids; how-
ever, depending on the hemorrhoid severity, pain may
not be a main feature.'” Moreover, if recurrent abdominal
pain or discomfort is reported by the patient, along with
changes in bowel habits (frequency and/or consistency
of stools) and relief following defecation, a diagnosis of
irritable bowel syndrome should be taken into account.’*
A diagnosis of functional anorectal pain is also less likely
if the pain is associated with eating or menses.*

A comprehensive examination that includes inspection
and palpation is necessary in most instances to substan-
tiate a diagnosis in cases of anorectal pain.*? The exam-
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ination should begin with observation of the patient’s
gait and sitting habits, to identify guarding of a particular
body region or side?, followed by inspection of the peri-
anal region for signs of structural disease. Specific signs
may include the presence of sentinel piles or skin tags,
fistulous opening, pain while gently parting the anterior
or posterior perianal tissue, in addition to the detection of
excoriations, scars, anal strictures or indurations.>?® The
patient must be fully informed of the practitioner’s in-
tent and provide explicit consent before the examination
is carried out. Offering to have a guardian or chaperone
(e.g. the clinic’s administrative assistant) present for the
examination will help facilitate patient comfort.

Following the external inspection, a digital examina-
tion should be included to evaluate sphincter tone, height
and symmetry, as well as to palpate for masses and areas
of tenderness.”’ For some clinicians, performing a digit-
al rectal examination may not be possible due to licens-
ing restrictions; in which case co-management of these
patients with an appropriate health professional must be
established to ensure a complete examination of the area
is carried out so as to guide management and the need
for further diagnostic testing. Lab tests (such as complete
blood count and erythrocyte sedimentation rate), anos-
copy/proctoscopy, flexible sigmoidoscopy, and perianal
imaging with ultrasound, MRI or CT scan may be neces-
sary, contingent on the results of the history and examin-
ation.2*!

Although not the primary focus of this report, specific
therapeutic interventions for patients with functional and
chronic anorectal and pelvic pain disorders may include
manual or manipulative techniques. Frequently recom-
mended treatments for patients with conditions such as
levator ani syndrome and coccydynia include digital mas-
sage of the levator ani musculature and/or mobilization of
the coccyx.22 These procedures are typically performed
intra-rectally to allow for better access to the intended
structures; however, practitioners must be cautious that
carrying out these interventions falls within their profes-
sional scope of practice to do so. In addition to the pre-
cautions that must be taken from a legal perspective, one
must be mindful of the potential harms that may be done
from administering certain manual therapies in the pres-
ence of unidentified structural pathology.
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Summary

This case demonstrates the critical need for clinicians to
employ broad differential diagnoses when encountered
with patients who report anorectal or perianal pain. The
evaluation of these patients can be challenging due to
a diversity of causative factors. The patient in this case
presented to an academic chiropractic clinic with severe
chronic anorectal and perianal pain that was initially
thought to be due to a functional anorectal disorder, le-
vator ani syndrome. Her symptoms were ultimately the
result of a perianal abscess which was treated operatively.
Functional pain syndromes, such as levator ani syndrome,
are common and debilitating conditions; however, these
disorders should be regarded as diagnoses of exclusion
and considered only after a thorough evaluation has been
performed to rule out structural causes of pain.
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Innovative application of Cox Flexion Distraction
Decompression to the knee: a retrospective case

series

Luigi Albano, BSc, DC!

Objective: The purpose of this study is to introduce the
application of Cox flexion distraction decompression
as an innovative approach to treating knee pain and
osteoarthritis.

Methods: Six months of clinical files from one
chiropractic practice were retrospectively screened for
patients who had been treated for knee pain. Twenty-five
patients met the criteria for inclusion. The treatment
provided was Cox flexion distraction decompression.
Pre-treatment and post-treatment visual analog pain
scales (VAS) were used to measure the results. In total,
eight patients presented with acute knee pain (less than
three months’ duration) and 18 patients presented with
chronic knee pain (greater than three months) including
two patients with continued knee pain after prosthetic
replacement surgery.

Results: For all 25 patients, a change was observed
in the mean VAS scores from 7.7 to 1.8. The mean
number of treatments was 5.3 over an average of 3.0
weeks. Acute patient mean VAS scores dropped from

Objectif : Le but de cette étude est de présenter
I’application de la décompression par flexion-distraction
de Cox en tant qu’approche novatrice de traitement de
la douleur au genou et de I’arthrose.

Méthodologie : On a inspecté six mois de
dossiers cliniques d’un cabinet de chiropratique
rétrospectivement pour trouver des patients traités pour
une douleur au genou. Vingt-cing patients respectaient
les criteres d’inclusion. Le traitement fourni était la
décompression par flexion-distraction de Cox. On a
utilisé des échelles visuelles analogues (EVA) avant et
apres le traitement pour mesurer les résultats. Au total,
8 patients présentaient une douleur aigué au genou
(depuis moins de 3 mois) et 18 patients présentaient une
douleur chronique au genou (depuis plus de 3 mois),
dont 2 patients avec une douleur toujours présente apres
la chirurgie de remplacement de prothese.

Résultats : Pour les 25 patients, on a observé un
changement des résultats moyens de 'EVA de 7,7 a 1,8.
Le nombre moyen de traitements était de 5,3 sur une
moyenne de 3,0 semaines. Les résultats moyens de I’EVA
des patients atteints de douleur aigué ont chuté de 8,1 a
1,1 apres 4,8 traitements sur 2,4 semaines. Les résultats
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8.1 to 1.1 within 4.8 treatments over 2 4 weeks. Chronic
patient mean VAS scores dropped from 7.5 to 2.2 within
5.4 treatments over 3.3 weeks. No adverse events were
reported.

Conclusion: This study showed clinical improvement
in patients with knee pain who were managed with Cox
flexion distraction decompression applied to the knee.

(JCCA.2017;61(2):153-161)

KEY WORDS: knee osteoarthritis, Cox Flexion
Distraction Decompression, knee pain, manual therapy,
manipulation, chiropractic

moyens de I’EVA des patients atteints de douleur
chronique ont chuté de 7,5 a 2,2 apreés 5,4 traitements
sur 3,3 semaines. Aucun incident indésirable n’a été
déclaré.

Conclusion : Cette étude démontre une amélioration
clinique chez les patients atteints de douleur au genou
qui ont été traités avec la décompression par flexion-
distraction de Cox appliquée au genou.

(JCCA.2017:61(2):153-161)
MOTS CLES : arthrose du genou, décompression par

flexion-distraction de Cox, douleur au genou, thérapie
manuelle, manipulation, chiropratique

Introduction
The prevalence of knee pain has increased substantial-
ly over a 20 year period, independent of age and body
mass index (BMI).! It affects approximately 30-40% of
adults by age 65.2 Total knee replacement utilization in
the United States more than doubled from 1999 to 2008 .}
Studies have shown that increasing physical activity in
people with osteoarthritis (OA) reduces pain and depres-
sion.* If a patient has symptoms of OA, such as knee pain
with associated walking disability, he or she may be at
increased risk of premature death from cardiovascular
disease.” Chiropractic treatment for knee OA is typically
multimodal, involving manipulation, mobilization, soft
tissue techniques, physical therapy modalities, nutritional
counseling, exercise, and orthoses for the knee or foot.®
Cox flexion distraction decompression (FDD) of the
spine is an evidence-based, non-surgical spinal care treat-
ment modality, a form of spinal manipulation in which
the human spine is placed in distraction (a type of meas-
ured, controlled traction of the spine) delivered on a spe-
cialized spinal manipulation instrument (the Cox table).”
The main difference between Cox FDD and traction is
that the treatment is manually applied, according to pa-
tient tolerance, with oscillation of the applied forces, all
the while maintaining the joint under decompression (i.e.
tensile loading plus mechanical stress). This can be per-
formed with or without passive stretch to the specific joint
through various ranges of motion (ROM). Its effects on
the spine are well researched and documented. Cox FDD
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has demonstrated a reduction of intradiscal pressure of up
to —192mmHg in the lumbar spine and —502mmHg in the
cervical spine.®’ It is a non-invasive joint therapy for pa-
tients that allows for continued, reasonable daily activity
or minimal convalescence. Recent research has demon-
strated that articular cartilage has the intrinsic ability to
repair itself when the joint is exposed to distraction with
mechanical stimulation.'*!"!

The application of flexion distraction specifically to
the knee with and/or without passive knee flexion has
not been well documented. The purpose of this study is
to introduce the application of Cox FDD as an innova-
tive approach to the treatment of knee pain and OA. This
study was designed in retrospect to treatment. Chart re-
view of 25 patients is presented.

Methods

A retrospective search of patient files over six months was
performed from one chiropractic facility. Ethics approval
was obtained by the Research Ethics Board of the Can-
adian Memorial Chiropractic College. Charts that were
included in this study were patients with only knee pain
and having received Cox FDD applied to the knee with
and/or without passive knee flexion. VAS scores were
used to assess treatment effectiveness. Thirty-two charts
were selected. Three were excluded on the basis of having
less than three treatments, and four charts were excluded
for not having final VAS scores, resulting in 25 patient
records. There were no exclusions based on diagnosis.
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Figure 1.
Initial setup.

The application of treatment followed similar guidelines
as used in the Cox Technic spinal protocols.® The treat-
ment involved the patient seated at the Cox Table with the
affected tibiofemoral joint comfortably resting between
the lumbar and dorsal sections of the table (Figure 1). The
dorsal section of the table was placed at an angle between
0-15° below horizontal for comfort and to decrease ham-
string tension. The caudal section was disengaged to al-
low for flexion. To create knee joint distraction, the chiro-
practor applied downward forces above the knee and at
the superior aspect of the distal tibiofibular joint (Figure
2). The table was distracted to the “taut point” which is
reached when the patient’s knee is distracted to the point
of the barrier of elasticity. This is the starting point of Cox
FDD. The chiropractor controlled the amount of distrac-
tion of the device using a foot switch, applied according
to patient tolerance. The knee was then distracted and
brought to flexion and extension as tolerated by the pa-

Figure 3.
Returning to neutral with distraction.
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Figure 2.
Flexion Distraction.

tient in an oscillatory manner that was smooth and rhyth-
mical for a minimum of 10-15 repetitions (Figures 2, 3,
and 4). Each repetition lasted 2-4 seconds. Total treatment
time with Cox FDD was approximately 1 minute. Most
patients received adjunctive (laser treatment) applied to
the knee joint after each Cox FDD session was complet-
ed. No adverse events were reported.

Results

The age range of the study participants was between 20
and 80 years, with an average age of 57.5. Seventeen of
the eligible charts were considered as chronic with hav-
ing pain greater than three months and eight were con-
sidered acute. Of those, 11 were female and 6 were male.
Fourteen patients (56.0%) had previous knee surgery, all
of which were in the chronic knee pain group: five me-
niscectomies, two total knee arthroplasties and seven of
unknown surgical type. The acute group was comprised

Figure 4.
Back to neutral.
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Table 1.
Change in VAS scores for chronic and acute patients.
Grou Average Age Initial Post Average Average No. Average
p (years) VAS VAS VAS Change Treatment | Time Span (weeks)
Chronic (n=17) 58.1 7.5 22 -53 54 33
Acute (n=8) 49.1 8.1 1.1 7.0 4.8 24
Overall (n=25) 57.5 7.7 1.8 -59 53 30

of two females and six males. None of the acute patients
had previous knee surgery.

The reduction in VAS scores for both groups are shown
in Table 1. The total average VAS scores for both groups
dropped from 7.7 to 1.8 (a reduction of 5.9) in an aver-
age of 5.3 treatments over 3.0 weeks. Within the chronic
group, the average reduction in VAS scores was from an
initial VAS of 7.5 to 2.2 (a decrease of 5.3 points) in 5.4
treatments over 3.3 weeks. The average reduction in VAS
within the acute group was from an initial VAS of 8.1 to
1.1 (a reduction of 7.0 points) in 4.8 treatments over 2.4
weeks. There were no patients that reported an increase
in pain. One patient did not report any change. None
of the acute cases required any treatment three months

post-treatment. Most of the chronic cases required on-
going maintenance treatments at a frequency of one
treatment per month. In the chronic group, eight out of
17 (47.1%) patients had undergone previous knee surgery
ranging from arthroscopic meniscectomy (n = 6) to total
knee arthroplasty (n = 2).

The Cox 8 Table allows for real-time force measure-
ments during treatment (Figure 5). Hand pressure, dis-
traction force, table angle and distraction distances are
displayed and recorded in real-time as a visual aid. The
force applied along the y-axis during treatment was with-
in 20-40 lbs and table distraction distance was within 16-
55mm. The treatment flexion angle ranged between 0°—
9.1°.

Figure 5.

Cox 8 table forces
graph applied to
the knee.
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The primary clinical diagnoses of the patients in both
groups were OA, collateral and cruciate ligament sprains,
meniscus tears and sprains, and post-surgical continued
knee pain for partial and total knee arthroplasty. In many
of the cases there was a combination of these diagnoses.

Discussion

Retrospective Case Series Findings

Both the acute and chronic knee pain groups in this case
series responded well to treatment. Almost all of the pa-
tients reported a decrease in pain as measured on the VAS
with Cox FDD. Notably, most patients reported immedi-
ate relief after their first treatment, that lasted from several
hours up to two days. At last follow-up, almost all patients
reported better mobility, knee joint strength and stability.
The last follow-up was performed at 1 to 3 months after
treatment. No adverse reactions were reported by any of
the patients.

The reduction in VAS scores, number of treatments and
duration of care was similar for both groups. Follow-up
treatment was evaluated for both groups. Thirteen of the
chronic cases returned for follow-up treatments within
four weeks and continued with maintenance treatment
every three to four weeks and/or as needed. In reviewing
the acute group, no patients returned for further treatment
after three months.

Previous Studies of Manual Therapy for OA of the
Knee

The current study demonstrates a reduction in pain level
and treatment duration that are similar with other studies
involving manual therapy, exercise and/or surgery. Van
den Dolder and Roberts demonstrated a reduction be-
tween —8 to —10 mm versus the control group on 100mm
VAS."? Treatment consisted of transverse friction to the
lateral retinaculum, patellofemoral stretches, and the ap-
plication of sustained medial glide during repeated flex-
ion and extension of the knee. Maher er al."® showed a
statistically significant improvement in ROM but no long-
term changes in pain levels using passive knee flexion.
Treatment involved the patient laying prone with the knee
flexed and the distal femur secured to the table with a sta-
bilization belt and the therapist applied a traction force to
the knee. Pollard et al.® demonstrated a reduction in mean
VAS scores from 3.3 to 1.9 in their treatment group. The
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intervention group received myofascial mobilization and
an impulse thrust procedure. Deyle ef al.'*'> demonstrat-
ed in two randomised controlled trials, improvement in
self-reported pain and function when combining manual
therapy with exercise versus exercise alone. The treat-
ment applied was soft tissue mobilization and stretching.
Khademi-Kalantari e al.'® demonstrated significant relief
of knee pain with sustained knee joint traction. Finally,
Dwyer et al.'” demonstrated improvement but no sta-
tistical improvement between groups when comparing
manual and manipulative therapy (joint mobilization,
manipulation, and soft tissue treatment) with and without
rehabilitation (monitored and/or home program).

Six weeks of continuous knee joint distraction has also
been shown to postpone the need for total knee joint arth-
roplasty in patients younger than age 65."® Furthermore,
Van der Woude et al.'® have shown that knee articular car-
tilage has the potential to regenerate, in some cases doub-
ling in thickness with continuous knee joint distraction.
Interestingly, these outcomes were maintained even at 5
year follow-up.!® This could help to partially explain the
clinical results observed in the current study.

Knee Physiology

Similarities exist in the physical properties of the knee and
spinal joints. The knee meniscus and intervertebral discs
are responsible for load transmission, force distribution,
shock absorption, and articular cartilage protection.'” Both
structures rely on collagen fibrils to resist tensile forces.
Articular cartilage and the extracellular matrix (ECM) are
maintained and produced by chondrocytes, specialized
cells derived from mesenchymal stem-cells. Chondrocytes
produce the cartilage matrix and its components such as
proteoglycans (PGs) and glycosaminoglycans (GAGs),
that provide the tissue with hydration and its high capacity
to withstand compressive loads.”” The most abundant PG
in articular cartilage and the ECM is aggrecan which is
composed of a core protein, hyaluronan (HA), and several
side chains of GAGs. The most abundant GAG side chains
are made up of multiple repeating units of chondroitin-sul-
phates, keratin-sulphates and dermatan-sulphates. The
knee meniscus is predominantly a fibrocartilaginous struc-
ture reinforced by highly ordered collagen fibers in a com-
plex orientation. Compressive forces in the intervertebral
discs are predominately handled by the nucleus pulposus
which is also made up of PGs within a loose framework
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of collagen fibers. Changes to the viscosity of HA causes
densification of tissue and can modify the function of fa-
scia, nerve receptors, muscle layers (epimysium and peri-
mysium gliding) and hydrodynamic properties of connect-
ive tissue.?!' It is suggested by the authour that the use of
Cox FDD to the knee may cause conformational changes
to the synovial capsule and fluid, meniscus, articular carti-
lage, tendons and entheses, due to the decreased pressure
induced by treatment similar to that which occurs in the
intervertebral discs.

Increased levels of catabolic enzymes that degrade the
ECM occur in patients with OA and rheumatoid arthritis
(RA).2? Arachidonic acid metabolites (PGs, leukotrienes,
etc.) and cytokine levels are also increased after inflam-
matory insult from injury, infection, or in degenerative
diseases such as OA and RA. These metabolites signal
the biosynthesis of specialized pro-resolving mediators
(SPMs) from omega-3 essential fatty acids including
eicosapentanoic acid and docosahexanoic acid.?® SPMs
resolve inflammation (catabasis) as opposed to non-ster-
oidal anti-inflammatory medications which block certain
steps of inflammation. SPMs initiate healing, contain or
limit inflammation, prevent and/or reduce the severity of
inflammation, and reduce tissue destruction.*** SPMs in-
clude lipoxins, resolvins, protectins and maresins and are
known to act as potent regulators of neutrophil infiltra-
tion, cytokine and chemokine production, and clearance
of apoptotic neutrophils by macrophages which promote
the return of tissue homeostasis.” Stretching of connect-
ive tissue reduces the migration of neutrophils and in-
creases SPM resolvin concentrations.*

Passive neurodynamic mobilization has been shown to
promote nerve function by limiting or altering intraneur-
al fluid accumulation, preventing the adverse effects of
intraneural edema.?® The use of mobilization techniques,
such as those used in the current study, may promote heal-
ing of the soft tissues by stimulating the functions of the
nervous system to improve adaptability and decrease tis-
sue sensitivity, thereby helping to alleviate symptoms.>’-

Mechanotransduction is the process by which bio-
mechanical signals (physical forces) regulate or affect cel-
lular activity and behaviour.**° Paluch e al.* describes
it as how cells sense physical forces and translate them
into biochemical and biological responses. Biomechan-
ical signals include compression, stretch (decompression
or tension), and shear forces. These forces are converted
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into chemical signals at the cell surface, acting on cell sur-
face adhesion-receptors and calcium ion channels. They
are converted into chemical energy at the cell membrane.
Integrins and cadherins are transmembrane proteogly-
cans that channel mechanotransductive forces and stimuli
along the cytoskeletal filaments to distant sites within the
cytoplasm and nucleus.?>?* Genetic transcription of chon-
drocytes increase the production of aggrecan when influ-
enced by mechanotransduction.?>**3° Mechanotransduc-
tion stimulates mesenchymal stem cells, found throughout
joint tissues, to differentiate into chondrocytes. Chondro-
cytes are also mechanosensitive and under joint distraction
they produce increased levels of PGs, GAGs, and increase
ECM.?*3! It has been shown that mechanical stimulation of
chondrocytes antagonizes interleukin-1f} and tumor necro-
sis factor-a..>> Mechanotransduction has also been shown
to reduce the levels of ECM degrading enzymes in OA and
RA. Cox FDD, as used in the current study, applies tensile
and compressive loads to the ligaments, tendons, menisci,
articular cartilage and entheses of the knee all while under
reduced joint pressure from distraction.

Cox Flexion Distraction Decompression

Cox FDD was developed by Dr. James M. Cox, DC,DACBR
over 40 years ago®’. Cox Technic is an evidence based
non-surgical, chiropractic spinal manipulation that is ap-
plied using the Cox Table, by a certified practitioner. Sev-
eral National Institute of Health funded studies have dem-
onstrated the effectiveness of the technique in its applica-
tion to the spine.’?? This is the first study to document the
treatment on the knee. Cox and Bakkum demonstrated the
treatment applied to the hip joint in treating gemelli-ob-
turator internus complex (GOIC).** Federally funded re-
search has shown that Cox Technic applied to the spine:

1. Decreases intradiscal pressure in the lumbar
spine up to —192mmHg *

2. Decreases intradiscal pressure in the cervical

spine up to —502mmHg.*

Increases intervertebral disc height.*

4. Increases intervertebral foraminal area up to
28%

W

Cramer et al.** demonstrated that spinal joint fixation
leads to degenerative changes of the facet joints. Distrac-
tion of the intervertebral disc increases intervertebral disc
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height, increases perfusion of nutrients, regenerates the
extracellular matrix and reverses degeneration.””* Dis-
traction of the knee can regenerate the articular cartilage
and increase the tibiofemoral joint space.''>!® The appli-
cation of flexion distraction specifically to the knee with
and/or without passive knee flexion has not been docu-
mented and may yield similar effects as that observed in
the spine. The results of this study suggest that Cox FDD
may be useful in treating patients with knee pain and OA.
This study had also helped to devise a potential protocol
for clinical treatment.

In the most recent published guidelines for non-sur-
gical management of the knee, manual therapy was not
included. The reason provided was that there was insuffi-
cient evidence for inclusion.*® A similar conclusion was
made in a systematic review by French et al.*' The Cox
8 table is capable of recording the forces used, flexion
angles and distraction distance for each patient. This in-
formation allows for quantifiable, standardized treatment
with reproduction of these parameters as well as tracking
of any changes, information that may be useful in future
investigations

Study Limitations

The results of this retrospective study must be gauged with
scrutiny, based on the limitations of this study. The deci-
sion to apply Cox FDD to the knee was based on necessity
and not investigative study. Bias in this study is a major
caveat since it was performed in one location by the same
practitioner, and patients underwent Cox FDD without a
control group. As such, it is unknown if the treatment re-
sults in the current study were as a result of the treatment
provided or the natural course of the knee pain disorders.
Moreover, the only distinguishing characteristics between
the different types of knee pain in this study were based
on the classification of acute versus chronic knee pain.
Specific diagnoses of the source of the knee pain were
not part of the inclusion criteria. The groups were not fur-
ther categorized or compared based on individual clinical
diagnosis. The only measure of any changes in pain level
was by the use of VAS which is completely subjective.
Objective tests and standardized questionnaires such as
ROM, WOMAC (Western Ontario McMaster Universities
Arthritis Index) and Stair Climb Test (x-step SCT) would
have provided more reliable measurable data. In addition,
follow-up review for the chronic group in this study was
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based on patients returning for care for their knee pain or
other conditions. All of the acute cases were contacted by
telephone or were interviewed during treatment for other
conditions unrelated to the knee by the same clinician.
Telephone follow-up does not provide for actual physical
observation. As well, it skews the pain level by not utiliz-
ing the VAS references for the patient.

All of the patients in this study were also given advice
regarding bracing, exercise and nutrition (an anti-inflam-
matory/gluten free diet) . Unfortunately record-keep-
ing of compliance with these recommendations was not
maintained as the patients were not provided or sold any
products by the treating practitioner.

Currently, a 20-patient randomized controlled study is
underway in collaboration with the University of Wind-
sor Faculty of Human Kinetics which uses ROM, WO-
MAC and the Step Test, and patients will be evaluated
before and after treatment. The author also applies Cox
FDD treatment to the hip, shoulder and ankle in his clin-
ical practice. Investigation of the effects on these joints
has not been performed but similar clinical results to the
knee have been observed. Future studies are also planned
in order to investigate the effects of Cox FDD therapy on
knee joint space, specifically the meniscus and articular
cartilage, measured via weight-bearing x-ray and MRI.

Conclusion

The results of this study suggest that Cox FDD of the
knee joint may offer benefit for patients with knee pain
and/or OA. The use of the Cox 8 table may allow for more
standardized and reproducible treatments. The outcomes
of this study nevertheless necessitate further research in
the form of larger, prospective observational and/or con-
trolled studies to confirm similar results.
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Imaging Case Review

High-grade spondylolytic spondylolisthesis

Peter C. Emary, DC, MSc!
Stefan A. Eberspaecher, DC?
John A. Taylor, DC, DACBR?

Case reports of high-grade spondylolisthesis have
been rarely published in the chiropractic literature.
Documented here is a case involving a 28-year-
old woman who presented to the World Spine Care
clinic in the Dominican Republic with minimal
neuromusculoskeletal symptoms despite a grade 4
spondylolytic spondylolisthesis. The key imaging
and etiological features of this clinical disorder are
presented.

(JCCA.2017;61(2):162-166)

KEY WORDS: spondylolisthesis, spondylolysis, pars
interarticularis, chiropractic

11y a eu peu d’études de cas de spondylolisthésis de
haut degré publiées dans la littérature chiropratique.
On consigne ici un cas concernant une femme de

28 ans qui s’est présentée a la clinique World Spine
Care en République dominicaine avec des symptomes
neuro-musculo-squelettiques minimaux malgré un
spondylolisthésis spondylolytique de stade 4. Les
principales caractéristiques d’imagerie et d’étiologie de
ce trouble clinique sont présentées.

(JCCA.2017;61(2):162-166)

MOTS CLES :spondylolisthésis, spondylolyse, isthme
interarticulaire vertébral, chiropratique

Case Presentation

A 28-year-old female presented to the World Spine Care
(WSC) clinic in Moca, Dominican Republic with a 10-
year history of intermittent lower back pain (LBP) and

parasthesia into the right lower leg and foot. The pain,
which was rated as a six out of 10, was described as a
“dull ache” and was generally worse when rising from
bed first-thing in the morning. Standing up after prolonged
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Figure 1. Lateral lumbar radiograph (a) and mid-
sagittal T2-weighted magnetic resonance (MR) image
(b) reveal six lumbar-type vertebrae. The L6 vertebral
body is trapezoidal shaped and has translated 80-

90% anteriorly in relation to the SI vertebral segment.

A large gap is present in the region of the L6 pars
interarticularis and has resulted in posterior translation
of the spinous process and laminae of L6. The L6-S1 disc
is obliterated and prominent buttressing of the anterior-
inferior aspect of the L6 vertebral body is present. The
L5-L6 disc appears well hydrated, but is narrowed

and bulging posteriorly. The posterior elements of L5
approximate the posterior aspect of the sacral base
resulting in prominent central stenosis at this level.

sitting was also provocative. Exercise at the gym, walk-
ing, and performing yoga were described as palliative.
Recent diagnostic imaging investigations had revealed a
high-grade lumbosacral spondylolisthesis (Figures 1-3).
The patient had consulted numerous surgeons and other
medical specialists and was told that she would be un-
able to have children because of her spondylolisthesis and
would eventually be confined to a wheelchair if she did
not have surgery. There were no signs or symptoms of
cauda equina syndrome. The patient was in good general
health and did not take medications. Because chiropractic
treatment had provided relief in the past, she visited the
WSC Moca clinic for a second opinion.

On examination, the patient was of normal weight and
her gait was unremarkable. The lumbosacral lordosis was
increased. Range of motion of the lumbar spine was full
and pain-free, with the exception of mild lower back pain

J Can Chiropr Assoc 2017; 61(2)
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Figure 2. Anteroposterior lumbopelvic radiograph
reveals the characteristic “Bowline of Brailsford”
or “Inverted Napolean Hat” sign. The arrows are
pointing to the anterior cortex of the vertebral body and
transverse processes of L6. This vertebral body is tipped
forward significantly such that it resembles an axial
projection.

Figure 3. Axial (b) T2-weighted MR image through the
lumbosacral region illustrates the relationship between
the L5 vertebral body (L5), the sacral base (S1), and

the spinal canal and thecal sac (oval). The spinal canal
is not significantly narrowed at this level. The sagittal
MR image on the left (a) indicates the plane of the

axial section depicted on the right (b). Note that the L6
vertebral body is translated anteriorly and inferiorly and
is outside the plane of the axial image and therefore does
not appear on the axial image.

163



High-grade spondylolytic spondylolisthesis

Figure 4. Dynamic lateral lumbar radiographs obtained
in partial flexion (a) and full flexion (b). The curved
dotted line represents the rounded-off superior surface of
the sacral base (the S1 superior vertebral body surface)
and the straight dotted line represents the inferior

L6 vertebral body endplate surface. The L6 segment
translates approximately 5 mm anteriorly and inferiorly
in relation to S1 indicative of instability.

on passive end-range extension. Bilateral Kemp’s test'
provoked mild LBP but the straight leg raise, slump, and
femoral nerve stretch tests were negative. Neurologic
examination of the lower limbs, including motor, reflex,
sensory, vibratory, and Rhomberg’s testing, was normal
except for absent Achilles tendon reflexes (graded as 0)
bilaterally. Mid-thigh and calf muscle circumferences
were symmetric bilaterally with no evidence of atrophy.
A non-tender midline ‘step defect’ was palpated at the
lumbosacral junction and mild pain was elicited with the
application of posterior-to-anterior pressure over this re-
gion. Palpation also revealed hypertonicity of the quad-
ratus lumborum and lumbosacral erector spinae muscles,
bilaterally. Milgram’s test' (i.e. bilateral active straight
leg raise test, performed with the patient supine) severe-
ly provoked the chief LBP complaint and elicited patient
apprehension. Further radiographic imaging including
dynamic views of the lumbar spine were obtained. The
flexion radiographs revealed instability of the spondylo-
listhesis (Figure 4). Based on clinical and imaging find-
ings, a diagnosis of chronic unstable grade 4 spondylo-
lytic spondylolisthesis was made.
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Discussion

Table 1 lists the radiologic grading and etiological classi-
fication systems for spondylolisthesis.?* The key imaging
features for high-grade spondylolytic spondylolisthesis
are listed in Table 2. According to the Meyerding classi-
fication?, high-grade spondylolistheses are characterized
by an anterior vertebral slippage of 50% or greater (i.c.
grades 3, 4, and 5). The incidence of isthmic (spondy-
lolytic) spondylolisthesis in the general adult population
ranges between 3.7% and 8%;’ however, the epidemi-
ology of high-grade spondylolisthesis is unknown. To
date, the evidence concerning the long-term prognosis
and optimal (i.e. conservative versus surgical) manage-
ment of patients with high-grade spondylolisthesis also
remains insufficient and controversial +° Moreover, clin-
ical symptoms in such patients often do not correlate with
the degree of slip.!° Several authors advocate for surgical
intervention (e.g. fusion, with or without slip reduction)
regardless of patient symptoms, in order to prevent fur-
ther slippage and or symptom progression.”® Others have
suggested however that non-surgical management can be
considered, particularly in asymptomatic or minimally
symptomatic cases.>® Regarding natural history, the risk
of slip progression is greater in skeletally immature chil-
dren and adolescents than it is in adults.®!° As such sur-
gery is rarely indicated for this reason in adults.?

In the current case, the patient underwent a trial of con-
servative therapy, including spinal manipulation (to the
thoracic and upper lumbar spine), soft-tissue trigger-point
therapy and Active Release Techniques® (to the lumbo-
sacral and thoracolumbar paraspinal muscles), and home-
based spinal stabilization exercises (i.e. cat-camel mo-
bilizations, bird-dogs, side-bridges, and crunches). The
patient was also encouraged to continue with her weekly
exercise activities (e.g. walking, gym exercise, and yoga).
After nine visits (over five weeks) the patient had no func-
tional limitations and her pain severity was reduced to a
two out of 10. Furthermore, there were no adverse treat-
ment effects during the course of her care.

Indications for surgery in patients with spondylolis-
thesis are listed in Table 3. With a greater than 10% re-
ported risk of complications including neurologic injury
with surgical intervention®®!", some authors have indicat-
ed that non-surgical treatment may be suitable for patients
in the absence of functional limitations or neurologic im-
pairment.>® In the current case, the patient had clinical
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Table 1.
Radiologic grading and etiologic classification systems
for spondylolisthesis
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Table 2.
Key imaging features of high-grade spondylolytic
(isthmic Type 2a) spondylolisthesis

Radiologic (Meyerding?) grading system

e Grade 1 (slippage of 1% to 25%)
e Grade 2 (slippage of 26% to 50%)

e Grade 3 (slippage of 51% to 75%)

e Grade 4 (slippage of 76% to 100%)

e Grade 5 (slippage of >100%) (i.e. spondyloptosis)

Etiologic (Wiltse?) classification

e Type 1: Dysplastic
e Type 2: Isthmic

Congenital defect of the neural arch
Pars interarticularis defect (3
subtypes)

a) Stress (fatigue) fracture (most
common type, present in this
case)

b) Elongated pars

¢) Acute pars fracture

e Type 3: Degenerative Facet joint osteoarthrosis

e Type 4: Traumatic Acute fracture of the vertebral arch

other than the pars

e Type 5: Pathological Insufficiency fracture as a result of

bone weakening diseases

Fracture secondary to spinal surgery

such as laminectomy

e Type 6: latrogenic

Key imaging features

e Spondylolysis: pars interarticularis stress (fatigue) fracture
that usually occurs during childhood or early adolescence

* Most common at L5

 Anterior displacement of the vertebral body and corresponding
posterior displacement of the neural arch resulting in
characteristic palpable “step defect” (see Figure 1)

* Bowline of Brailsford on frontal radiograph (see Figure 2)

* Trapezoidal shape of listhetic vertebral body and
corresponding “rounding” of the subjacent sacral base (see
Figure 4) (These are signs of chronic, longstanding vertebral
body displacement.)

* Vertebral body translation >4.5 mm observed on dynamic
flexion-extension radiographs suggests radiologic instability
(see Figure 4)

Table 3.
Indications for surgery in patients with spondylolisthesis

and radiologic evidence of instability but no significant
functional limitations, postural deformities, gait abnor-
malities, or progressive neurologic signs or symptoms.
Her LBP symptoms also responded favourably to a short-
course of conservative treatment. She was advised to re-
turn for chiropractic treatment as needed, or for re-evalu-
ation should any neurologic signs or symptoms develop.
As the patient was planning on getting married later in the
year, the news that her spondylolisthesis would have no
bearing on her ability to have children after all came as a
welcome surprise.

J Can Chiropr Assoc 2017; 61(2)

Surgical indications®

e Slip progression

 High-grade spondylolisthesis with significant lumbosacral
kyphotic deformity and sagittal imbalance

* Neurologic deficit

* Low back pain unresponsive to conservative treatment

 Radicular pain and nerve root compression documented on
imaging studies unresponsive to conservative treatment

Key Messages

* Published cases involving high-grade spondylolis-
thesis are rare within the chiropractic literature

* Indications for surgery in such patients include slip
progression, significant deformity and postural im-
balance, neurologic deficit and/or cauda equina
syndrome, and imaging confirmed radiculopathy
unresponsive to conservative treatment

* Conservative therapy may be considered as a first
line treatment option in patients with high-grade
spondylolisthesis who present with minimal neuro-
musculoskeletal symptoms
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Imaging Case Review

A rare case of Eagle syndrome and diffuse
idiopathic skeletal hyperostosis in the

cervical spine

Peter C. Emary, DC, MSc!
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John A. Taylor, DC, DACBR®

Published case studies involving diffuse idiopathic
skeletal hyperostosis (DISH) along with symptomatic
ossification of the stylohyoid ligament, or “Eagle
syndrome,” are rare. In this report, we document a case
of bilateral Eagle syndrome and advanced DISH in the
cervical spine of an 80-year-old man who presented with
severe neck stiffness and intermittent asphyxia. The key
imaging and clinical features of this disorder are also
described.

(JCCA. 2017;61(2):167-170)

KEY WORDS: Eagle syndrome, diffuse idiopathic
skeletal hyperostosis, airway obstruction, chiropractic

Les études de cas publiées concernant I’ hyperostose
squelettique idiopathique diffuse (HSID) avec une
ossification symptomatique du ligament stylohyoidien,
ou « syndrome d’Eagle », sont rares. Dans le présent
rapport, nous consignons un cas de syndrome d’Eagle
bilatéral et de HSID avancée du rachis cervical chez
un homme de 80 ans présentant une raideur grave de
la nuque et une asphyxie intermittente. Les principales
caractéristiques d’imagerie et cliniques de ce trouble
sont également présentées.

JCCA.2017;61(2):167-170)

MOTs cLES :syndrome d’Eagle, hyperostose
squelettique idiopathique diffuse, obstruction des voies
respiratoires, chiropratique
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A rare case of Eagle syndrome and diffuse idiopathic skeletal hyperostosis in the cervical spine

.- . o I e
Figure 1. Anteroposterior open mouth radiograph of the
upper cervical spine reveals thick, diffuse ossification of
both stylohyoid ligaments (*).

Figure 2. Lateral cervical spine radiograph. The
extensive ossification of the stylohyoid ligaments,
identified by asterisks (*) extends from the skull base
to the hyoid bone. A pseudoarticulation between the
abnormal ossification and the hyoid bone is evident.
Also observed is an 8 mm thick vertically oriented shield
of ossification adjacent to the anterior vertebral bodies
and disc spaces from C2 through C7 typical of DISH.
The intervertebral disc spaces are typically preserved
and the facet joints are normal in DISH as illustrated
in this case. Of note, there is a I cm circular calcified
mass located anterior to the C6-7 level most likely
representing a benign thyroid cyst.
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Case Presentation

An 80-year-old white male presented to a chiropractic
clinic with a 3-year history of insidious and progressing
neck stiffness and “cramping,” increased difficulty turn-
ing his head from side-to-side (e.g. while driving), and
a “choking” sensation when flexing his neck. He also
complained of a constant pressure in his throat as well
as difficulty swallowing his saliva, to the point where he
felt like he was “choking on his spit at times.” He had no
problems with normal breathing, speaking, or swallowing
food and he denied any symptoms suggestive of cervical
radiculopathy or myelopathy. The only difficulty he re-
ported with eating was an “inability to look down at the
plate to see his food.” On examination, his cervical spine
range of motion was severely limited (by 80-90%) in all
directions. Flexing his neck forward beyond five degrees
would elicit asphyxia. Bilateral upper limb neurologic
examination, including motor, reflex, and sensory testing,
was unremarkable. Cervical spine radiographs revealed
complete bilateral ossification of the stylohyoid ligaments
as well as advanced ossification of the anterior longitud-
inal ligament (flowing hyperostosis) throughout the cer-
vical and upper thoracic spine, abutting and displacing
the prevertebral soft-tissues (Figures 1-3). Based on these
findings, the patient was diagnosed with Eagle syndrome
and diffuse idiopathic skeletal hyperostosis (DISH).

Discussion

Symptomatic elongation of the styloid process and/or os-
sification of the stylohyoid ligament was first described
by Eagle'? in the late 1940s and is known as Eagle syn-
drome. Elongated styloid processes or ossified stylohy-

Table 1.
Key imaging and clinical features of Eagle syndrome

Key imaging features

¢ Ossification of the stylohyoid ligaments is best seen on lateral
cervical and anteroposterior upper cervical radiographs

Clinical features'*: dysphagia (i.e. difficulty swallowing),
sensation of a foreign body in the throat, otalgia (i.e. pain
radiating to the ear), constant dull nagging ache in the throat,
carotodynia (i.e. pain in the distribution of the carotid arteries),
temporomandibular joint pain, glossopharyngeal neuralgia, and
facial pain or headache

J Can Chiropr Assoc 2017; 61(2)
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right stylohyoid ligament appears bipartite with the apparent formation of a central pseudoarticulation dividing it.

oid ligaments can be palpated intraorally along the ton-
sillar pillars and radiographic imaging usually confirms
the diagnosis.'? Anatomically, these bony structures
can compress or irritate the surrounding neurovascular
soft-tissues in the neck, namely the internal carotid artery
and the trigeminal, facial, glossopharyngeal, and vagus
nerves. Patients may present with an array of symptoms
although many with elongated styloid processes or os-
sified stylohyoid ligaments will also remain asymptom-
atic.’* Table 1 lists the key imaging and clinical features
for Eagle syndrome and Table 2 lists the key imaging
features of DISH. Symptomatic patients with Eagle syn-
drome can be treated surgically or non-surgically.?>¢

Table 2.
Key imaging features of DISH

Key imaging features

¢ Flowing hyperostosis

¢ Preservation of disc spaces

¢ Preservation of facet joints (no arthrosis or ankylosis)

¢ Displacement or compression of prevertebral soft-tissues and
airway

J Can Chiropr Assoc 2017; 61(2)

Chiropractors and other manual therapy providers should
note, however, that elongated styloid processes or ossified
stylohyoid ligaments may pose a relative contraindication
to thrust manipulation of the cervical spine.” For instance,
an association between styloid process length and risk
of cervical carotid artery dissection has been reported.®
Surgical treatment for Eagle syndrome typically involves
styloid process shortening or resection.>?

The etiology of Eagle syndrome is still controversial
but it is thought to result from post-surgical (e.g. tonsil-
lectomy) or traumatic (e.g. styloid fracture) scarring.!”
There is some evidence to suggest that there may also be
a correlation between ossification of the stylohyoid liga-
ments and ligamentous ossification of the cervical spine
in patients with DISH.* This combination of findings is
unique, however, in that very few cases involving both
Eagle syndrome and DISH have been described in the lit-
erature.*? As such, further investigation is needed in order
to validate this association.

In the current case, the patient consulted his primary
care physician and no further diagnostic testing or sur-
gical treatment was recommended. A course of conserv-
ative care, including neck mobilizations (i.e. cervical
flexion-distraction / decompression therapy) and instru-
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ment-assisted soft-tissue massage (i.e. Graston® Tech-
nique), was implemented. The soft-tissues treated includ-
ed the cervical paraspinals, scalenes, upper trapezius, and
levator scapulae muscles, bilaterally. After seven visits
(over 10 weeks), the patient reported a mild decrease in
neck pain and stiffness but continued to have symptoms
of “choking” and asphyxia, particularly with neck flex-
ion. It is unknown if these symptoms were as a result of
Eagle syndrome, DISH, or a combination of both. Several
cases of dysphagia and airway obstruction in relation to
DISH and/or Eagle syndrome have been reported.”!® In
the current case, an upper G-I fluoroscopic (barium swal-
low) study could have been performed in order to more
definitively ascertain the cause of the patient’s orophar-
yngeal symptoms. Regardless, the clinical findings of
neck pain, throat irritation, mild dysphagia, and ossified
stylohyoid ligaments were compatible with a diagnosis
of Eagle syndrome. For more information and additional
examples of Eagle syndrome, visit Radiopaedia.org."

Key Messages

e Published cases involving Eagle syndrome and
DISH of the cervical spine are rare

* The differential diagnosis of patients who present
with dysphagia, a sensation of a foreign body in
the throat, pain in the distribution of the carotid ar-
teries, and/or neuralgia involving cranial nerves 5,
7,9, and 10 should include Eagle syndrome

* Patients with this disorder can be treated surgical-
ly or non-surgically, however there is a relative
contraindication to thrust manipulation of the cer-
vical spine
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Book Review

The Basic Science of Pain. An lllustrated and Clinically
Orientated Guide

Edited by Philip Peng & Oscar de Leon-Casasola.
Philip Peng Education Series, 2016.

Electronic book, 183 pages, $9.99 CAD.

ISBN: 978-0-9917509-3-1.

Educating chiropractic students and practicing clin-
icians on the multidimensional nature of pain can be a
difficult task. In this electronic book (available on iPad,
iPhone, and Mac), the editors, along with distinguished
researchers and clinicians, aimed to present the basic
science of pain and its clinical application in a concise
and interactive manner. The target readers of this book
are trainees in pain-related programs, clinicians who treat
pain, and others who are interested in better understand-
ing the multidimensional nature of pain.

The book has four chapters: ascending pathways, des-
cending mechanisms, visceral pain, and brain imaging.
The chapters are split into basic science and clinical per-
spective sections. The basic science sections describe
important concepts, such as the difference between noci-
ception and pain. These sections clearly outline the num-
erous mechanisms and locations where nociception can
be facilitated or inhibited and how this may contribute
to the pain experience. The clinical perspective sections
include topics such as: available analgesics, the impact of
placebo and nocebo effects, how psychosocial factors can
modulate pain, how common interventions such as yoga
and meditation may be helpful, and referred pain mech-
anisms and clinical importance. Clinical conditions that
chiropractors commonly see are discussed, such as low
back pain and headache. The clinical perspective sections
also nicely highlight emerging basic science research,
current uncertainties, and allude to novel pain treatments
that may arise in the future.

As this is an electronic book, words can be searched, de-
fined, and easily underlined or highlighted. Notes can also
be made, which automatically transfer between devices
that contain the book and are connected to the Internet.
Further, this book enhances learning through illustrations,
interactive content, and videos to supplement the text.
This multimedia platform makes complex concepts easily
digestible, such as the difference between central sensi-
tization, long-term potentiation, and wind-up. Although
this book aims to focus on the basic science of pain, an

J Can Chiropr Assoc 2017; 61(2)

expansion of the content related to the clinical evaluation
of patients experiencing pain may increase practicing
clinicians’ receptivity to this book. A weakness noted in
this book was the occasional lack of flow and consistency
in terminology between the chapters and sections with
different authors. However, this did not significantly im-
pact the overall take-home messages of the book. Another
weakness is that the book can only be obtained through
iTunes on devices meeting specific iBooks requirements,
limiting accessibility to some potential users.

Overall, this book fulfilled its aim. It is suitable for
chiropractic students eager to learn more about pain, as
well as chiropractic educators looking to update their
knowledge of pain to enhance their teaching. Although
this book is not specific to chiropractic practice, it is high-
ly relevant to all practicing chiropractors as it may facili-
tate a better understanding and treatment of the sensory,
emotional, cognitive, and social components of patients’
pain. This well-referenced electronic book is a valuable
pain resource and is highly recommended, especially
given its practicality and low cost.
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