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Abstract

Introduction. Abnormalities in the elbow range of motion (ROM) can be subtle, therefore it
is important that the examiner can compare findings with reliable reference values,
matching the patients’ characteristics. Primary, we aimed to provide normative values for
the elbow ROM in sub-populations based on age, gender, dominance, and body mass index
(BMI). The secondary objective was to determine intra- and inter-rater reliability.
Methods. aROM (active range of motion) and pROM (passive range of motion) were
measured bilaterally in healthy adults using a universal goniometer (UG). The influence of
factors affecting the ROM was calculated using Pearsons Correlation Coefficient. In two
samples of subjects, intra-rater and inter-rater reliability was determined.

Results. The study population (n=352) consisted of 47.2% male and 52.8% female subjects.
For aROM (dominant hand), mean flexion was 146°, extension -2°, pronation 80° and

supination 87°. Male subjects had smaller ROM compared to females (p<0.001). Differences



between dominant and non-dominant hand were less than one degree. pPROMs were 3° to 5°
larger than aROMs (p<0.001). Intra- and inter-rater reliability was good.
Conclusions. Elbow ROM is influenced by age, gender and BMI. In the general population,

the ROM of the uninjured side can serve as a reference in case of an injured elbow.

Background

The elbow joint allows us to perform flexion-extension and pronation-supination movement.
According to literature, values for flexion lie between 130° and 154° and extension between
-6° and 11°. Pronation varied from 75° to 85° and supination from 80° to 104°32 >0, 63, 74,147,
158 Daily activities can be performed with an elbow extension restriction of 30° and minimal
flexion of 130 degrees, in combination with 50 degrees of pronation and supination'°, more
extensive activities such as handling a cell phone require more mobility'?4 33, Sports
activities also require a greater elbow range of motion (ROM), however, athletes are also
prone to reduced elbow ROM, especially overhead throwing athletes. Literature shows that
the flexion-extension range is decreased by about 14° in asymptomatic baseball pitchers*>®
and a significant decrease in passive elbow ROM in the first 24 hours after throwing?’.
Furthermore, overhead throwing athletes often also have a reduced shoulder ROM, which
makes them prone for elbow injuries!3® 157,

Conversely, a restriction in elbow ROM will result in a greater load on the shoulder and wrist,

causing injuries to those joints

Measuring the ROM is considered an integral part of physical examination for elbow
pathology. Flexion is usually restricted by anterior soft tissues such as the biceps muscle,
resulting in an elastic end-feeling. Pronation and supination also have an elastic end-feeling
caused by ligaments, the interosseous membrane and forearm muscles!*8. Extension
however has a hard end-feel due to the olecranon pushing into the humerus. The end-
feeling provides information on the cause of the ROM restriction.

To accurately measure the elbow ROM, the Universal Goniometer (UG) is an easy, reliable
and commonly used assessment method> 2% 32,50,56, 115,129 ROM assessment is important for
both acute injuries, chronic injuries and to evaluate the effectiveness of a treatment.

Athletes are more prone to acute elbow injuries, mostly fractures, for example in gymnasts



falling on an extended elbow. In traumatic injuries, elbow extension can be used as a
sensitive clinical screening test for traumatic injuries. When the injured athlete has an
unrestricted elbow extension, a fracture can be ruled out without an X-ray** &. Malunion,
long period of immobilization and heterotopic ossifications following a traumatic injury are
risk factors for elbow stiffness.

There are also a number of chronic overuse injuries, mostly in overhead athletes, resulting in
ROM restrictions’?. For example loose bodies, chondromalacia, valgus extension overload
syndrome, osteochondritis dissecans in children and osteoarthritis in elderly can decrease
elbow mobility”®. Intra-articular fluid can also restrict motion, positioned in 70° of flexion,
the pressure from intra-articular fluid and pain are lowest04,

Apart from initial assessment of the elbow, measurement of the ROM is a key element to

evaluate the effectiveness of a treatment for elbow stiffness.

Previous studies reported ROM measurements based on either small (under 50 subjects) or
specific (e.g. athletes, injured or only one gender/dominant hand) study populations3? % 63
74,147,158 Soucie et al. (2011) included a bigger study population, but did not account for

factors such as BMI, hand dominance and only reported passive ROM*,

In order to guide clinical decisions, it is important that reliable normative values are available
and influencing factors are known. Therefore, the primary objective of our study was to
provide normative values for subpopulations based on age, gender, hand dominance and
BMI. Also, correlations between ROM and age and BMI will be determined. Next to
normative values for subpopulations, we aimed to provide standard values for passive ROM
(pROM) and active ROM (aROM) of the elbow (i.e. flexion, extension, pro- and supination)
for the total population.

Our secondary objective was to define intra-rater and inter-rater reliability of goniometric
measurement of the elbow ROM and present this in a comprehensible way, to facilitate

interpretation of changes observed in the clinic.



Methods

Study design

The present study assessed the ROM using a cross-sectional design. Data was collected from
August 2015 to October 2015 and researchers were based in OLVG hospital, Amsterdam, the

Netherlands. Ethical approval was waived by the local ethical committee (W015.069).

Study population

Subjects in the age of 18 to 79 years old who volunteered to undergo a ROM examination
were included. Subjects diagnosed with a disease or previous injury that could potentially
affect elbow ROM on either right or left side were excluded. Volunteers were recruited at
(pre-informed) public spaces and events, such as sports clubs/events, businesses,
schools/universities, family/friends gatherings, supermarkets etc. Effort was made to include
a minimum of 25 subjects in each age category as following: 18-29, 30-39, 40-49, 50-59, 60-
69 and 70-79 years old.

Data collection

All subjects were examined by a clinician in the orthopaedic department (EZ), trained for
elbow ROM measurements using a predefined protocol developed by two human movement
scientists (NW, VS), an orthopaedic surgeon (MB) and a physiotherapist. For flexion and
extension measurement the acromion and radial styloid process were used as landmarks for
the goniometers’ arms and the lateral epicondyle as the centre of rotation. Flexion was
measured with 0° shoulder anteflexion and 0° abduction and a maximally supinated
forearm. With the same forearm position and the shoulder in 90° anteflexion and 0°
abduction the extension was measured. In both measurements, the centre of rotation for
pronation and supination was the ulnar styloid process and the goniometers’ arms were
placed parallel to the humeral midline and dorsal or volar wrist respectively. Both
measurements were taken with 90° of elbow flexion and manual fixation of the upper arm to
the body. The shoulder and elbow position and landmarks for the goniometer positioning
were based on guidelines and recommendations from previous literature?’- 36 50,52, 117,137, 140,
150

. aROM was measured by asking the patient to make the movement as far as they could,

pROM was measured with added support by the examiner in the direction of the movement.
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aROM and pROM were measured in both arms of each subject. Execution of ROM

measurements with landmarks are presented in figures 1A-D.

Figure 1A — Flexion Figure 1B — Extension

-

Figure 1C— Pronation Figure 1D — Supination

Of each subject age (years), gender (male/female), height (centimetres), weight (kilograms)
and hand dominance (right/left) were obtained. Subjects were not asked for any personal

details and data was stored using anonymous consecutive study numbers.



For intra-rater reliability analysis, 20 subjects’ both elbows’ range of motion was measured
twice by the primary examiner within a time frame between 1 to 7 days. To analyse the
inter-rater reliability, 10 subjects’ both elbows were measured by the primary examiner and
a trained orthopaedic surgeon, blinded for the first measurement results. The first
measurement by the primary examiner of these 30 subjects were also included for the final

study. The subsequent 322 subjects were assessed once.

Statistical analysis

All data were collected using Microsoft Excel 2010 and analysed using Statistical Package for
Social Science for Windows (SPSS Statistics version 22, Armonk, NY, USA: IBM Corp). Before
analysing, all data was double-checked by visual inspection and box-plots. A p-value of <0.05

was considered statistically significant.

Normative values based on subgroups. An unpaired samples t-test was used to compare
patients’ demographics and to compare ROM measurements between gender, age
categories and BMI categories. Differences for dominant and non-dominant arm were tested
with a paired samples t-test. Subjects were divided in different age groups: 18-29, 30-39, 40-
49, 50-59, 60-69 and 70-79 years old. BMI was divided in categories <18.5 (underweight),
18.5-24.9 (normal), 25.0-29.9 (overweight) and >30.0 (obese)?.

Pearson’s correlation coefficients were calculated to determine the influence of the

continuous parameters BMI and age on the elbow range of motion.

Intra-rater and inter-rater reliability analysis. The ICC and 95% confidence intervals (Cl) were
calculated for each ROM measure using a two-way random effects model where both people
effects and measures effects are random. ICC of >0.75 indicate good reliability?!. In addition
to the ICC’s, for the contribution of variance caused by subjects (Varsupject), 0OCcasion
(Varoccasion) or measurement error (Vareror) Was determined using variance components
analysis, in order to calculate the Standard Error of Measurement (SEM) and the Smallest
Detectable Difference (SDD) in Excel. SEM was calculated using the following formula: SEM =
V(Varoccasion + Varerror) and SDD using the following formula: SDD = V2 * 1.96 * V(Varoccasion +

Va rerror)lzs-



Results

Subject demographics

The distribution of age, hand dominance and BMI by gender of the 352 participants is

presented in table 1. Unpaired t-test did not show a statistically significant difference

between the demographics of the male and female subjects (p<0.05).

Male (n=166, 47.2%)
N (%)

Female (n=186, 52.8%)

N (%)

Age in years, mean (95% Cl)

49 (45 to 51)

45 (42 to 47)

Age categories (years)

18-29 33 (19.9%) 57 (30.6%)
30-39 27 (16.3%) 25 (13.4%)
40-49 28 (16.9%) 29 (15.6%)
50-59 27 (16.3%) 25 (13.4%)
60-69 25 (15.1%) 25 (13.4%)
70-79 26 (15.7%) 25 (13.4%)
BMI mean (95% Cl) 24.2(23.6t024.7) |23.5(23.0t024.1)

BMI categories

<18.50 6 (3.6%) 8 (4.3%)

18.50-24.99 105 (63.3%) 133 (71.5%)

25.00-29.99 40 (24.1%) 34 (18.3%)

>30.00 15 (9.0%) 11 (5.9%)
Dominance

Right 150 (90.4%) 167 (89.8%)

Left 16 (9.6%) 19 (10.2%)

Table 1 - Subject demographics compared by gender (n=352)

Normative values for ROM based on subgroups

Table 2 presents average aROM and pROM values for male and female subjects (dominant
and non-dominant side separately). Unpaired t-test showed significantly smaller ROM for all
measurements for male subjects compared to females (p<0.01).
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Movement ROM in degrees, mean (95% Cl)
Male (n=166) Female (n=186)
Dominant Non-dominant Dominant Non-dominant
Active | Flexion 143 (142 to 144) | 143 (142 to 144) | 148 (147 to 149) | 148 (147 to 149)
Extension 0(0to1) 0(-1to1) -5 (-6 to -4) -5 (-6 to -5)
Pronation 78 (77 to 79) 79 (78 to 80) 82 (81 to 83) 83 (82 to 84)
Supination 85 (84 to 86) 85 (83 to 86) 88 (87 to 89) 88 (87 to 89)
Passive | Flexion 147 (146 to 148) | 147 (146 to 148) | 153 (152 to 154) | 153 (152 to 154)
Extension -2(-2to-1) -2 (-3to-1) -8 (-9to -7) -9 (-10 to -8)
Pronation 82 (81 to 83) 83 (81 to 84) 86 (85 to 87) 87 (86 to 88)
Supination 89 (88 to 90) 88 (87 to 90) 93 (92 to 94) 92 (9 to 93)

Table 2 — Normative values for elbow ROM by gender

Differences in ROM between dominant and non-dominant side varied from 0.3 to 0.7

degrees and were statistically significant (p<0.05) for all movements, except for active

flexion. For all movements except pronation the ROM of the dominant side was slightly

larger compared to the non-dominant side.

Compared to aROM, pROM was higher in flexion, pronation and supination and more

negative in extension, all statistically significant (p<0.001). Tables 3 and 4 present normative
values by age and BMI, with aROM and pROM separately, for the dominant side. Differences
between age groups (by gender) were all statistically significant (p<0.001). For BMI, in
females all measurements between groups were statistically significant (p<0.001). In males
active and passive flexion and passive pronation showed a statistically significant difference
between BMI groups (p<0.05). Note that the underweight and obese groups are relatively

small.

Dominant side ROM in degrees, mean (95% Cl)

Age category 18-29 30-39 40-49 50-59 60-69 70-79
(years)

Male (n=166) 33 27 28 27 25 26
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Active | Flexion 146 (144 | 145 (142 | 143 (141 | 143 (141 | 141 (2139 | 139(138
to 148) |to147) |to146) |to146) |t143) to 141)
Extension |-1(-3to |-1(-2to |[O0(-1to 0(-1to 1(-1to 2(1to4)
0) 0) 2) 1) 3)
Pronation | 81(79to | 80(77to | 81(78to |79(77to | 74(72to | 74 (72 to
83) 83) 83) 81) 76) 76)
Supination | 89 (88to | 87 (84to | 86 (84to | 85(83to | 81 (78to | 81 (79 to
91) 90) 88) 87) 84) 83)
Passive | Flexion 151 (149 | 150 (147 | 147 (145 | 148 (146 | 144 (142 | 142.7 (141
to 153) to 152) to 149) to 150) to 146) to 144)
Extension |-3(-5to |-2(4to |-2(4to |-2(-3to |0O(-2to 1(-1to2)
-2) -1) 1) 0 1)
Pronation | 86(84to | 83(80to | 85(82to | 83(81to | 78 (75to | 77 (75to
87) 86) 87) 85) 80) 79)
Supination | 94 (92to | 92 (89to | 91 (89to | 89(87to | 84 (82to | 83 (81to
96) 95) 93) 91) 87) 85)
Female (n=186) 57 25 29 25 25 25
Active | Flexion 149 (148 | 153 (152 | 149 (147 | 148 (146 | 145 (143 | 142 (140
to151) |to155) |to151) |to149) |to148) |to 144)
Extension |-8(-10to | -6(-8to |-5(-7to |-1(-3to |-2(-4to |-2(4to-
-6) -4) -3) 2) -1) 01)
Pronation | 83 (82to | 87 (85to | 86(84to | 80(77to | 78 (75to | 76 (74 to
85) 89) 87) 82) 81) 78)
Supination | 92 (90to [ 93 (91to | 90(89to | 87 (85to | 84 (81to | 81 (79 to
93) 95) 91) 89) 86) 84)
Passive | Flexion 155 (154 | 158 (156 | 154 (152 | 152 (150 | 149 (146 | 145 (143
to 157) to 160) to 156) to 154) to 152) to 147)
Extension |-12(-14 |-10(-12 |-8(-11to|-3(-6to |-5(-7to |-4(-6to-
to-10) | to-8) -6) 0 -4) 3)
Pronation | 89(88to | 91(90to | 90(89to | 84 (80to | 82 (79to | 79 (76 to
91) 93) 91) 86) 85) 81)
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Supination | 96 (96to | 98 (96to | 94 (92to | 91 (89to | 87 (85to | 84 (82 to
98) 101) 95) 93) 89) 86)
Table 3 — Normative values by age
Dominant side ROM in degrees, mean (95% Cl)
BMI category <18.50 18.50-24.99 25.00-29.99 >30.00
Male (n=166) 6 105 40 15
Active Flexion 151 (148 to 145 (144 to 140 (139 to 136 (134 to
155) 146) 142) 138)
Extension -2(-4to1) 0(-1to1) 1(0to?2) 0(-3to2)
Pronation 84 (80 to 89) 78 (77 to 80) 77 (75 to 79) 78 (75 to 81)
Supination | 90 (85 to 94) 86 (85 to 87) 83 (81 to 85) 82 (80 to 85)
Passive Flexion 155 (152 to 149 (148 to 144 (143 to 140 (138 to
159) 150) 1456) 143)
Extension -3(-8to02) -2 (-3to-1) -1(-2to 0) -2(-4to 1)
Pronation 89 (85 to 92) 82 (81 to 84) 81 (78 to 83) 82 (79 to 85)
Supination | 95 (89 to 100) | 90 (89to91) | 87 (85t089) | 86 (83 to 89)
Female (n=186) 8 133 34 11
Active Flexion 157 (154 to 149 (148-150) | 146 (144 to 138 (135 to
159) 148) 141)
Extension -15(-17 to - -5 (-6 to -4) -3(-6to-1) -2(-5to0 2)
12)
Pronation 86 (82 to 89) 82 (81 to 84) 80 (78 to 82) 78 (75 to 82)
Supination | 94 (90 to 97) 89 (88 to 90) 8 (84 to 89) 84 (81 to 88)
Passive Flexion 163 (161 to 154 (153 to 150 (148 to 142 (139 to
166) 155) 152) 145)
Extension -20 (-24 to - -8 (-9to -7) -6 (-8 to -2) -4 (-8 to -1)
17)
Pronation 91 (88 to 95) 87 (86 to 88) 84 (81 to 87) 81 (77 to 85)
Supination | 100 (95 to 93(92t095) | 90(88t092) |88 (84 to92)
105)
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Table 4 — Normative values by BM|

Correlations

Age correlated moderately (r 2 0.50) negative with passive pronation (dominant -0.50; non-
dominant -0.56) and supination (-0.56; -0.50). BMI correlated moderately negative on
flexion, both active (-0.57; -0.59) and passive (-0.59; -0.59). Age correlated moderately
negative with passive flexion (-0.59; -0.59). All other combinations showed low correlations
(r < 0.50), ranging from -0.29 to -0.49 for flexion/pronation/supination and 0.22 to 0.44 for
extension. No major differences in correlations were observed between dominant and non-

dominant side.

Intra- and inter-rater reliability

In the subgroup (n=20) for intra-rater reliability analysis only the difference in age between
the intra-rater subgroup and total group was statistically significant. Intra-rater ICCs for all
measurements showed good reliability. SEM and SDD were higher for pronation and
supination compared to flexion and extension.

Demographics of the subgroup (n=10) for inter-rater reliability were not statistically
significant different compared to the total group. Inter-rater ICCs showed good reliability
(>0.75) apart from passive flexion (0.74). SEM and SDD were slightly higher for pronation
and supination compared to flexion and extension. Inter-rater ICC’s, SEM and SDD were
similar to intra-rater reliability. For both inter-rater and intra-rater reliability results from the
dominant side were similar to non-dominant side. Intra-rater and inter-rater reliability

results from the dominant side are presented in table 5.

Movement Intra-rater reliability Inter-rater reliability
(dominant side) ICC (95% Cl) SEM | SDD | ICC (95% ClI) SEM | SDD
Active | Flexion 0.76 (0.47-0.90) | 3° 7° 0.86 (0.53-0.96) | 2° 5°
Extension | 0.92(0.80-0.97) | 2° 6° 0.89(0.63-0.97) | 1° 4
Pronation | 0.90 (0.77-0.96) | 3° 8° 0.92 (0.47-0.98) | 3° 7
Supination | 0.91 (0.78-0.96) | 3° 8° 0.87 (0.56-0.97) | 3° 8’
Passive | Flexion 0.74 (0.45-0.89) | 3° 7° 0.79 (0.33-0.94) | 2° 6°
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Extension | 0.95(0.88-0.98) | 2° 5° 0.85(0.52-0.96) | 2° 5°

Pronation | 0.86 (0.69-0.94) | 3° |9° [0.91(0.54-0.98) |3 |8

Supination | 0.90 (0.75-0.96) | 3° | 7° |0.82(0.46-0.95)|3° |9

Table 5 — Intra- and interrater reliability - As an example, in dominant side active flexion the
SEM was 3°, which means individual scores had an average measurement error of 3°. SDD in
this measurement was 7°, which means that if a subjects’ dominant side active elbow flexion

changes more than 7°, the change is considered as a true change with 95% confidence.

Discussion

In our study normative values for the elbow range of motion derived from a population of
352 healthy volunteers are presented. For male subjects, all ROM measurements were
statistically significant lower compared to females. Higher age correlated moderately with
lower ROM for active supination and passive pronation and supination. A higher BMI
correlated with a lower ROM for active and passive flexion. Differences between dominant
and non-dominant side (<1°) were too small to be clinically relevant. Therefore, in a general
population, the examiner is able to decide whether the measured ROM is abnormal or not,
by comparing the injured side with the uninjured side. This of course combined with the
information on the intra-rater reliability and patient specific characteristics such as
(overhead throwing) sport activities. If abnormality arises bilaterally, the normative values
for specific subgroups (provided in tables 3 and 4) and correlations (in text) can be used to
make an estimation of the expected ROM. Exact estimation of the ROM with all affecting
factors incorporated such as gender, age and BMl is not possible due to the small numbers

of subjects in certain groups (f.e. underweight elderly).

This study is not without limitations. A possible source of error might be unjustified inclusion
of subjects who did not report factors that may influence the elbow ROM despite our
written and oral inquiries. Given the large study population, we expect the influence of this
potential source of error to be small. Furthermore, we did not ask for (professional) sports
activities, therefore it is not possible to draw conclusions on the influence of sports on the

elbow ROM.
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We have chosen to exclude subjects under 18 years and therefore we could not draw
conclusions for the paediatric population. Golden et al. (2007) published a study presenting
mean elbow ROM in 300 healthy children supplemented with age- and gender related

changes®®.

In previous literature, two studies investigated differences between the ROM of the
dominant and non-dominant side. One study showed statistically significant differences,
with mean difference varying from 1.7° to 2.6°% and another study showed non-significant
differences®. Similar to our study, in both studies differences were too small to be
considered clinically relevant. However, in overhead throwing athletes, the flexion-extension
range may be greatly (about 14°) decreased®8, even more distinct up to 24 hours after
throwing?’. A study on the effect of obesity on active flexion showed no significant
differences compared to subjects with an healthy BMI (20-25 kg/m?)%4, in contrast to our
study. Nevertheless, significant negative correlations for BMI on elbow range of motion

(flexion/extension) were found in obese children (right r = -0.54, left r = -0.43)°.

For measuring elbow ROM, the universal goniometer is considered to be the most easy to
use and clinically available tool3% 3768 74,153 Studies published in the past show a good intra-
rater and inter-rater reliability of goniometric elbow measurements for all measurements in
both injured and healthy volunteers, with ICC ranging from 0.70 to 0.99 20 32 50,56, 123
However, a study by Armstrong et al. ®> showed lower inter-rater and intra-rater reliability in
injured subjects for flexion and extension (0.45-0.99). In handball players, lower intra-rater
reliability for flexion and extension were observed (0.49-0.93)°C. One small study about
inter-rater reliability in healthy subjects showed disappointing results for flexion and
extension (ICC 0.53)1>, Because the ICC uses variance between subjects’ ROM
measurements to calculate reliability, a large variation between subjects will lead to a higher
ICC. This could possibly draw a misleading conclusion of good reliability. Therefore we
decided in our study to provide the statistical measures SEM and SDD. These measures
provide more meaningful information for repeated measures within subjects, which is
relevant for clinical practice 28135, One study reported results in degrees for intra-rater
reliability (mean within 1.2°) and inter-rater reliability (mean within 1.6°)%3. Another study

presented intra-rater SDD’s of 7.8° for active flexion and 6.3° for active extension and inter-
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rater SDD’s of 8.2° for flexion and 6.3° for extension3®. Intra-rater SEM was reported in one
study with results from 1.4° to 1.6° for flexion and 1.0° to 1.2° for extension>°. No previous

studies were found that reported SEM or SDD values for pronation and supination.

In our reliability analysis, both intra-rater and inter-rater ICCs for all measurements showed
good reliability, ranging from 0.74-0.95. Reliability analysis for dominant and non-dominant
side was not statistically significant different, therefore we presented dominant side only.
Relative low ICC’s were found for flexion, due to the small variation of flexion ROM amongst
subjects. Our results corresponded with studies measuring non-injured subjects?® 32 30,56, 115,
Intra-rater SEM values ranged from 2° to 3° and SDD values ranged from 5° to 9°. Of these
measures, passive pronation was the least reliable with a SEM of 3° and SDD of 9°. So in this
example, an individual score had an average measurement error of 3° and for a repetitive
measurement, the difference must be minimum 9° to be considered as a true change with
95% confidence. Inter-rater SEM ranged from 1° to 3° and SDD from 4° to 9° and applies to

measurements between different examiners.

Conclusion

Elbow ROM measurement was conducted on 352 healthy subjects and was found to be
influenced by gender, age and BMI. For all movements, males have a significant smaller
range of motion. Also, a higher age correlates with a smaller passive pronation-supination
range of motion and a higher BMI with less flexion. Differences between dominant and non-
dominant side were too small to be clinically relevant, therefore in the general population

the ROM of the opposite side could serve as a reference for the injured side.
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Chapter 2

The reliability and validity of goniometric elbow

measurements: a systematic review of the literature
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2. Department of orthopedic surgery, Shoulder and elbow unit, Onze Lieve Vrouwe Gasthuis,
Amsterdam

3. Department of orthopedic surgery, Academic Medical Centre, Amsterdam

Shoulder & Elbow 2018 june 3. Doi: 10.1177/2F1758573218774326

Abstract

Background: The universal goniometer (UG) is a simple measuring tool. With this review we
aimed to investigate the reliability and validity of the UG in measurements of the elbow.
Methods: PRISMA guidelines were followed and our study protocol was published online at
PROSPERO. A literature search was conducted on relevant studies using Embase, Medline
ovid, Web of science, Scopus, Cochrane, Pubmed publisher, Cinahl EBSCO and Google
scholar. Methodological quality was assessed using the QAREL scoring system.

Results: Out of 697 studies yielded from our literature search, 12 were included. Six studies
were rated as high quality. The intrarater reliability intraclass correlation coefficient (ICC)
ranged from 0.45-0.99, the interrater reliability ranged from ICC 0.53-0.97. One study
providing instructions on goniometric alignment did not find a difference in expert versus
non-expert examiners. Another study in which examiners were not instructed, found a

higher interrater reliability in expert examiners. One study investigating the validity of the
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goniometer in elbow measurements, found a maximum standard error of the mean of 11.5°
for total range of motion.

Discussion: Overall, the studies showed high intra- and interrater reliability of the UG. The
reliability of the UG in non-expert examiners can be increased by clear instructions on

goniometric alignment.

Background

A patients’ ability to perform daily activities such as eating, combing hair, writing and using a
PC is highly dependent on the range of motion (ROM) of the elbow. A restricted elbow ROM
can result in a serious disability. According to literature on the elbow ROM, in a healthy
person values for flexion lie between 130° and 154° and extension between -6° and 11°.
Pronation varied from 75° to 85° and supination from 80° to 104° 32 30,63, 74, 147,158,160 A
decrease in ROM can be an indicator of chronic and progressive pathology, such as
heterotopic ossifications, osteoarthritis, loose bodies, chondromalacia, valgus extension
overload syndrome and osteochondritis dissecans 7% 7°, But also in traumatic injuries
assessment of elbow ROM can be important, for example an unrestricted elbow extension
can rule out a fracture without an X-ray %> 8>.The degree of limitation in elbow ROM can also
be used as an indicator of the impact of the disease in daily activities. Daily activities can be
performed with an elbow extension restriction of 30° and minimal flexion of 130 degrees, in
combination with 50 degrees of pronation and supination 1°¢, however some activities as
handling a cell phone require more mobility 124 133, Probably the most important reason to
measure the elbow ROM is to closely monitor disease progression or treatment
effectiveness.

The universal goniometer (UG) is a simple measuring tool, which is frequently used by many
different health care professionals such as physiotherapists, general practitioners and
orthopaedic surgeons. Other less studied modalities to measure the elbow ROM include the
use of photography, movies, a smartphone application and visual estimation 2048 100, 108,113,
155 To appreciate the “true value” of measurements, using the universal goniometer, it is
important to know its’ validity and intra- and interrater reliability.

General assumption is that the reliability of the UG is higher when used by an experienced

tester and interrater variations are smallest when a standardized measuring method is used
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>52 Many physicians and physiotherapists use the UG without using an identical measuring
protocol if any available.
This systematic literature review investigated the reliability and validity of the UG in the

measurement of elbow range of motion.

Methods

This systematic review was conducted according to the PRISMA statement (Preferred
Reporting Items for Systematic reviews and Meta-Analysis) 1. The study-protocol was
published online at the PROSPERO International prospective register of systematic reviews

(http://www.crd.york.ac.uk/PROSPERO) under registration number CRD42016043760.

Search strategy

A comprehensive electronic literature search was conducted in collaboration with an
experienced clinical librarian on relevant articles published from the earliest year until
October 2017 in the following databases: EMBASE, MEDLINE ovid, Web of science, Scopus,
Cochrane, PubMed publisher, Cinahl EBSCO and Google scholar. The search terms (and
synonyms) were ‘elbow’, ‘goniomet’, ‘range of motion’, ‘accuracy’, ‘reliability’, ‘validity’, and
‘inter/intra observer’. (Appendix 1). The reference lists of included articles were manually
checked for potentially relevant articles.

Only studies investigating the reliability and/or validity of the UG in elbow measurements in
human adults were included. Range of motion included flexion, extension, pronation,
supination and/or carrying angle. Exclusion criteria were: a language other than English or
Dutch, subjects under the age of 18, animals, full text not available, a different measuring

tool than the universal goniometer.

Study selection

Two authors (SR and WJ) independently screened all titles ad abstracts yielded by the search
to identify relevant studies meeting the inclusion and exclusion criteria. The authors were
not blinded for author and affiliation names of these studies. Then both authors assessed
the full text of the selected articles. Afterwards, the reviewers compared their results, in

case of differences they discussed until agreement was reached.
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Quality assessment

The quality of the included articles was assessed by two authors (SR and KK) using the QAREL
scoring system 92, This tool scores the articles in their sampling bias: (1) the
representativeness of subjects and raters, (2) rater blinding, (3) order of examination, (4)
suitability of the time interval, (5) applied and interpreted appropriately and (6) statistical
analysis. The maximum score is eleven. A study was considered having a high quality when it
scored >60% and low quality when scored <60%. This cut-off point has been used in several

previous studies 1> 6% 97,

Data extraction

The following data was extracted from all of the included articles by three authors
independently (SR, EZ and KK): (1) population (healthy subjects or symptomatic patients); (2)
number of subjects included; (3) movement measured (flexion, extension, pronation,
supination or carrying angle); (4) active or passive range of motion; (5) if the measurement
protocol was described; (6) if bony landmarks were used or defined prior to the measuring;
(7) validity; (8) intra- and inter-observer reliability; and (9) information about the examiner

(profession and/or level of experience in goniometry).

Data analysis

Data-analysis was performed by two independent authors (SR and EZ) using Microsoft Excel
2010 (Microsoft Corp. Washington, USA). ICC less than 0.40 was considered poor, between
0.40 and 0.59 fair, between 0.60 and 0.74 good and >0.75 excellent 34,

Results

Study selection

A total of 1386 articles were found. After removal of duplicates 697 articles remained. The
titles of the 697 articles were screened and 60 articles were selected as potentially relevant.
After reviewing abstracts and/or full text, 48 articles were excluded for various reasons, such
as: review articles, subjects were children, full text not available, a language other than

English or Dutch or the use of a measuring device other than the UG. Twelve articles were
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finally included for data extraction * 1% 32 35 50, 55,56, 60,90, 115,129, 160 _Fjgyre 1 shows the

PRISMA flow chart.

Figure 1 PRISMA flow chart of study selection

Studies found after literature search in
electronic databases
n=1359

A 4

Studies after correction of duplicates

n =697
| Studies excluded (n=637)
A
Studies after screening of titles Studies excluded (n=47)
n=60 Not concerning the elbow (n=2)
Other type of goniometer (n=16)
Review (n=4)

\4

Other language than English or Dutch (n=2)
Descriptive studies without data (n=3)

Full text not available (n=11)

Concerning children (n=5)

Other (n=5)

A

Studies included after screening of abstracts
or complete article
n=12

Quality assessment

The QAREL checklist showed a high quality (score >60%) in six out of twelve studies > 1% 3> 3>
125,160 3|l other studies were of low quality. Most of the studies rated as low quality did not
blind (or did not mention to blind) the raters to the findings of other raters 3% 30.56,60,90 g
their own prior findings > 3% 355060 An overview of all the QAREL scores is presented in table
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Included studies

Three studies tested the universal goniometer on symptomatic patients > °>> 129, seven
studies used healthy volunteers 3% 3056, 60,90, 115,160 't+\yo studies included both healthy
subjects and symptomatic patients **3°. Together a number of 376 participants were
included. A study by Low et al. °° only included one subject, however this study used 50
raters. Rothstein et al. 12 used 12 raters with 12 subjects, all other studies used 5 or less
raters with 23 up to 50 subjects. The number of measurements in all studies was two or
three, the interval varied from consequently to four weeks apart. The age varied from 18 to
85 years. Nine studies tested elbow flexion, eight studies extension, 5 studies pronation and
supination. Chapleau et al. also added the carrying angle 32. Nine studies performed the
measurements during active ROM, two during passive ROM °> 122 and one study measured
both active and passive 0. In one study the arms of the subjects were in a fixed position °°.
In four studies the bony landmarks used for the measurements were defined 3% 60, 115,160,
Two studies investigated the difference between expert and non-expert examiners.
Armstrong et al. found no differences between expert and non-expert examiners>, Blonna et
al. found a slightly lower reliability in non-expert examiners 1°. Cimatti et al. compared
injured to non-injured subjects, showing similar inter-rater reliability for pronation and

supination®. Characteristics of included studies are presented in table II.

Population Measurements Intra-rater Inter-rater

Study N Healthy/ Age Active/ Fl Ex Pro Sup CA Trials Interval Raters = Expert/
symptomatic = (years)  Passive (n) (n) non-expert

Armstrong 1998 38  Symptomatic N/A Active + + + + - 2 Same day 5 Both
Blonna 2012 50  Both 18-85 Active + + - - - N/A  N/A 4 Both
Chapleau 2011 51  Healthy 19-50 Active + + - - + 3 Consequently 2 N/A
Cimatti 2013 33  Both 18-70 Active - - + + - 3 Consequently 2 Expert
Fieseler 2015 47  Healthy 18-25 Active + + - - - 3 Week N/A N/A
Flowers 2001 30  Symptomatic 21-79 Passive - - + + - 2 Same day 3 Expert
Gajdosik 2001 31  Healthy 19-40 Active - - + + - 3 Consequently 1 N/A
Goodwin 1992 23 Healthy 18-31 Active + + - - - 2 Month 3 Expert
Low 1976 1 Healthy N/A Active + - - - - N/A  N/A 50 Expert
Petherick 1987 30  Healthy 20-28 Active + + - - - 3 Consequently 2 N/A
Rothstein 1983 12 = Symptomatic = N/A Passive + + - - - 2 Same day 12 Expert
Zwerus 2017 30  Healthy 18-79 Both + + + + - 2 Week 2 Expert
Total 376 9 8 5 5 1 25 86

Table Il — Study characteristics
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Statistical analysis of results

Our intention was to perform heterogeneity analysis and, if applicable, meta-analysis on the
included studies. Most studies use the intra-class coefficient (ICC) to express the inter-rater
and intra-rater reliability. There are several different methods to compute the ICC, for
example measuring ICC on single or average values 1718, We attempted to determine the
method of ICC calculation in every study, however this was not clear in all studies. Also,
some studies presented a ICC range instead of a fixed number. Pooling results is
inappropriate in this case’?. Besides statistical heterogeneity, clinically the studies were also

very heterogeneous. Therefore we decided to review the ICC's narratively.

Validity

One study investigated the validity of goniometric elbow measurements 32. They compared
the goniometric measurements of the elbow by one examiner with radiographic
measurements of 51 healthy volunteers by two examiners. They found maximal errors of the
goniometric measurements of 10.3° for extension, 7.0° for flexion, 11.5° for total ROM and

6.5° for the carrying angle.

Intra-rater reliability

Six studies investigated the intra-rater reliability for flexion > 3% 060,129,160 showing fair to
excellent reliability. Results for expert and non-expert raters > and passive and active
measurements 10 were similar. Zwerus et al. calculated a Standard Error of Measurement
(SEM) of 3° 19, Five studies investigated the intra-rater reliability for extension > 3% 30, 129,160,
showing fair to excellent reliability. One study calculated a SEM of 2° 1€,

Four studies reported the intra-rater ICC’s for pronation and supination, all showing
excellent reliability > >> 60 160 Two studies used the SEM, showing 3° and 7° respectively for
pronation and 3° and 4° for supination > %0, One study investigated the ICC in

measurements of the carrying angle, showing excellent reliability 32.
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Interrater reliability

Six studies investigated the interrater reliability for flexion, showing fair to excellent
reliability. Results for expert and non-expert raters *° and passive and active measurements
160 were similar. Two studies reported a SEM of 2° and 5° respectively % 160,

Five studies tested the inter-rater reliability in extension, showing fair to excellent reliability
219,115,129, 160 Results for expert and non-expert raters *° and passive and active

160 were similar. Zwerus et al. reported a SEM of 2° 160,

measurements
Five studies investigated the interrater reliability of pronation and supination > 3%°556,160 4|
showing excellent reliability. Results for injured and non-injured subjects 3 and passive and

active measurements 60 were similar. Zwerus et al. reported a SEM of 3° for both pronation

and supination 160,
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Table Ill — Inter and intra-rater reliability of included studies

Discussion

The reliability and validity of the UG in measurements of the elbow was systematically
examined. Based on 12 included studies, the overall reliability of the UG ranged amongst
studies, from poor to excellent. There was no clear difference between intra- and inter rater
reliability. The most striking outlier included deviating measurements of one expert-rater for
inter- and intrarater reliability for flexion and extension in the study by Armstrong et al.>
without providing a clear explanation.

The reliability for flexion, extension, pronation and supination was similar. The hypothesis
that the reliability of the UG is higher in the hands of an expert examiner seems partially
true32. Amstrong et al. did not find a difference in intrarater reliability in expert versus non-
expert examiners, but they did give all examiners specific directions about arm positions and
goniometric alighment . In the study from Blonna et al., the examiners were free to use any
bony landmarks they preferred °. They found a lower interrater reliability in non-expert
examiners compared to expert examiners. This suggests that the reliability of the UG in non-
expert examiners can be easily increased by clear instructions on goniometric alignment.
Previous literature stated that the reliability of the goniometer is higher when the same
bony landmarks are used °2. In this systematic review the studies using bony landmarks may
not show a higher reliability. It is important to mention though that three out of four studies
using the bony landmarks were of moderate quality.

Only one of the included studies in our systematic literature review investigated the validity
of the goniometer 32, They used radiography as reference test for goniometric
measurements and found a potential maximum error of 11.5%. When precise values of ROM
of the elbow are needed, they advised radiographic measurements.

Several previous studies investigated the reliability of the UG in measurements of joints
other than the elbow. For example, in a study by Brosseau et al. an excellent intrarater
reliability of the UG for knee flexion was found %°. They also stated that a difference of more
than 5.5 degrees in knee flexion is necessary to determine progression/change in the range
of motion. Kim et al. investigated the reliability of the UG in hip and shoulder measurement

and found high test-retest reliability even in unskilled examiners 7.
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In this digital era it is important to realize that a lot of research has been performed
comparing the UG with other devises and methods such as; an internet goniometer, a digital
goniometer and VDO clip based goniometry 20 48 71, 98,100,108, 113,155 Tgo maximize
homogeneity this review focused on the UG. A future systematic review can be performed
including and comparing these devises. It might be interesting to compare these devises and

measuring methods with radiographic measurements to objectify their validity.

In all systematic reviews, there is a risk of overlooking papers. To minimize this risk an
extensive search with sensitive search criteria and synonyms was performed, in
collaboration with an experienced librarian. Also the included papers were scanned for other
suitable studies.

Another limitation is the diversity and heterogeneity of the included articles. To avoid this
clinical heterogeneity strict inclusion criteria were applied. Nonetheless there was a high
diversity in study methods, such as blinding or not blinding the examiners from their own or
other measurements. There was a high difference in interval of measurements, which can
influence the outcomes. Furthermore, four articles did not clarify whether the examiners
were expert or non-expert examiners, which makes it more difficult to interpret the
outcomes. Finally only five studies were of high quality; the other seven studies were of
moderate of low quality. The strength of this article is that it gives a clear overview of the

research performed and their outcomes.

Conclusions drawn from this literature review are also limited because of the use of ICC’s to
assess reliability. It would be favourable to use a different approach to assess the agreement
between two quantitative methods of measurement, because it possibly draws a misleading
conclusion and is hard to transfer to an individual patient.

The ICC is in the general literature defined as a ratio of variance of interest over total
variance (composed of variance of interest and error variance). In reliability studies for range
of motion measurement, the variance among patients is often considered as the variance of
interest'?®. Because the ICC uses variance between subjects’ ROM measurements to
calculate reliability, a large variation between subjects will lead to a higher ICC, even though
the measurement error is similar?®>. This could possibly draw a misleading conclusion of

good reliability. For example, this could have been the case with the higher ICC’s for
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measurements in injured subjects compared to non-injured subjects and/or the higher ICC’s
in non-experts compared to expert examiners™ 3>, Furthermore, ICC’s are not presented as
metric units and can therefore not be directly applied on an individual.

There are several ways to avoid the aforementioned problems induced by the use of ICC.
Some authors already made efforts to use other ways to assess the reliability such as the SD,
SEM and SDD 3> 90180 Contribution of variance caused by subjects (Varsubject), 0CCasion
(Varoccasion) or measurement error (Vareror) can be determined using variance components
analysis, in order to calculate the Standard Error of Measurement (SEM) and the Smallest
Detectable Difference (SDD). SEM can be calculated using the following formula: SEM =
V(Varoceasion + Varerror) and SDD using the following formula: SDD = V2 * 1.96 * V(Varoccasion +
Varerror). These measurement focus on the variance of different sources of error instead of
the ratio of variances (ICC) and are presented in the metric unit of the measurements
(degrees, in our case), which makes it easier to interpret for the use in clinical practice?® 135,
Bland and Altman (B&A) proposed an alternative analysis, based on the mean difference and
limits of agreement!®, B&A plot analysis evaluates a bias between mean differences and
estimates an agreement interval in which 95% of the differences between two
measurements fall. Based on this plot (presented in a certain unit or percentage), the
clinician can decide whether the limits are acceptable or not. Therefore we suggest the use
SEM/SDD supplemented with B&A analysis for future research on the reliability of

goniometric measurements.

Conclusion

Twelve studies reported on the reliability of the UG in measurements of the elbow were
included. Overall, the studies showed at least a fair intra- and interrater reliability of the UG.
The reliability of the UG in non-expert examiners can be increased by clear instructions on
goniometric alignment. For future research, it would be favourable to use another statistical

approach to substitute or supplement to ICC's.
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Abstract

Introduction. Range of motion (ROM) is closely monitored before and after surgery for stiff
elbow and during rehabilitation. Measurements in the home environment may be helpful to
increase involvement and adherence of the patient. Therefore, our objective is to investigate
the validity and inter- and intra-observer reliability of 3 alternative methods to assess the
ROM by the patient in a home-based situation, in comparison to the universal goniometer
(UG). We hypothesize that all 3 alternative methods will be valid alternatives and show a
level of reliability equivalent to UG.

Methods. Goniometric measurements of elbow flexion, extension, pronation and supination

using photography, movie and a smartphone application were obtained. The validity of these
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measurement methods were compared to UG. The inter-observer and intra-observer
reliability was calculated for all measurement methods.

Results. Photography and movie based goniometry of the elbow showed good validity in
flexion and extension. The inter-observer and intra-observer reliability where found to be
good to excellent for photo and movie, but moderate to poor for UG and the smartphone
application.

Conclusions. Photo or movie based goniometry seems to be a useful option for initial and
follow-up measurement of the elbow ROM, both in the outpatient clinic and in a home

environment. Based on our study, the smartphone application we used is not recommended.

Introduction

Reliable measurement of the range of motion (ROM) of the elbow is important for both the
initial assessment and at follow up, to assess the results of surgery or to monitor
rehabilitation. Using one reliable and reproducible measurement method between
healthcare professionals and the patient himself, is beneficial to monitor the effect of
different interventions.

In general, the ROM is assessed by an examiner by visual estimation or the use of an
universal goniometer (UG) °’. Amongst the possible alternative measurement methods are
for example photography, movie or a smartphone based application 2% 48 100, 108,113,155
Photography and movie based measurements have several advantages compared to UG. For
example, it provides a permanent image, which can be used to visually demonstrate the
improvement to the patient, possibly helping to improve patient adherence. This
relationship has been proved in other medical fields, for example in measurements of blood
pressure in the home environment. In literature a rise of almost 10% in medicine compliance
and significant blood-pressure reduction has been described 1 24, However, for those
measurement methods a transfer from the camera or mobile phone to a computer with
measurement software is necessary. Also, it requires an assisting person to take the picture
or movie.

Smartphone based applications, based either on photography or an accelerometer, may be

less time consuming and easy to use in a home environment. Measuring at home gives the
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patient the possibility to take more responsibility for his rehabilitation and update the health

care provider between appointments.

Previous studies showed that both visual estimation and UG measurement have a good to
excellent inter- and intra-observer reliability > 1% 32 50,52, 56,57, 68,74, 115,129, 153, 160 | |jiterature
on several other joints, excellent reliability for photography and smartphone apps was
observed. Studies include photography of the elbow?? >2 or knee!®® and smartphone apps

based on an accelerometer principle for the knee*® 100113 or shoulder®>>.

For the elbow specifically, it is unclear which of the available goniometric measurement
methods is the most reliable to measure flexion, extension, pronation and supination.
Therefore, the objective of the current study is to investigate the validity and reliability of
photography, movie and smartphone application based goniometry compared to UG. We
hypothesize that all 3 alternative methods to measure elbow ROM will show a similar level

of accuracy and inter- and intra-observer reliability, equivalent to UG.

Materials & methods

Study design

In this study measurements of the ROM of the elbow were collected using the UG, a
smartphone application, photography and movies. The pictures and the movies itself were
made by independent volunteering ‘photographers’, in general a family member who
accompanies the participant. UG measurements were conducted by two health care
professionals: a resident in the orthopedic department and a physiotherapist. The
smartphone application measurements were done by the patient, with the aforementioned
two health care professionals reporting the outcomes. Ethical approval was waived by the

local ethical committee.

Study population
Subjects with or without elbow pathology, accompanied by a volunteer able to handle a
digital camera (‘photographer’), were included. Both must be 18 years or older, have

sufficient knowledge of the Dutch language and physically and cognitively able to perform
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the proceedings in the measurement protocol. Subjects were recruited in a general hospital,
a sports- and performance center and physiotherapy clinic. These locations and flexible
inclusion criteria were chosen to ensure adequate representation of a population with and

without elbow complaints.

Study procedure

Demographic data on height, weight, age, gender and hand dominance were collected for
each subject. In all subjects the active ROM of the elbow (dominant side) was measured
three times with UG and three times by an application on a Smartphone, by both observers
independently. The order of the method of measurement by the two observers (UG vs
application and examiner 1 vs examiner 2) was randomized by means of block randomization
(blocks of 4). The photos were taken twice and the movie once by the ‘photographer’ in

stated order, after each block of UG and Smartphone App sessions.

Subjects were instructed to carry out the four positions of the ROM: maximum flexion,
extension and functional forearm rotation in pro- and supination. Attention must be payed
to the difference between functional forearm rotation and pronation and supination. The
functional forearm rotation measures the motion of forearm rotation in the two radioulnar
joints (proximal and distal), combined with carpal rotation. Pronation and supination
measures only the motion of the two radioulnair joints and is therefore a few degrees
smaller. A study by Cimatti et al. showed that both methods could be used in clinical practice
with excellent reliability 3°. In this study it is decided to use the functional forearm rotation
because it is easier to implement for laymen. This means that in our results supination
stands for forearm rotation in supination direction and pronation for forearm rotation in

pronation direction.

Universal goniometer

Two observers measured all subjects’ ROM three times independently with an UG. Between
measurements of the two observers in one subject, a minimal interval of 5 minutes was
applied. A stainless-steel goniometer was used and measurements were blinded for the

observer by reversing the goniometer. Measurements were recorded with accuracy of 1
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degree. A predefined protocol was used by both observers, based on recommendations in
previous literature by using bony landmarks 27 36,50, 52,117,137, 140, 150, 154, 160

For flexion and extension measurements of the elbow, the shoulder was held in 90 degrees
of forward flexion with the forearm maximally supinated. The acromion and radial styloid
process were landmarks for the goniometers’ arms and the lateral epicondyle as the center
of rotation. Supination and pronation were measured with a neutral position of the shoulder
(0° shoulder abduction) and 90° of elbow flexion and a pencil placed over the distal palmar
groove of the hand. The center of rotation for pronation and supination was over the head
of the third metacarpal and the goniometers’ arms were placed parallel to the humeral

midline and parallel to the pencil.

—
—
~ —/

Figure 1A — Elbow flexion Figure 1B — Elbow extension

Figure 1C — Functional forearm pronation Figure 1D — Functional forearm supination
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Photography

The photographers were instructed how to take the photos by a comprehensive and
simplified protocol with sample pictures (Figure 1 A-D). The positions and motions were
standardized as for the UG measurements described in the previous paragraph. The
‘photographer’ takes two series photos of the subject with a minimal interval of 20 minutes
using a digital camera. In total 8 pictures were taken by each photographer. Elbow ROM on
pictures was measured two times by both observers separately with a minimal interval of

one day, using Kinovea software (Version 0.8.15, open source project, www.kinovea.org).

Movie

The movie was made by the photographer using the same protocol and device as for the
photo as described in the previous paragraph. Subjects were instructed to slowly (in 5
seconds) carry out the movements from maximum flexion to maximum extension (movie 1)
and from maximum supination to maximum pronation (movie 2). In total two movies, one
for flexion-extension and one for pronation-supination movement, were taken by each
photographer. Elbow ROM on the same movie was measured twice with a minimal interval

of one day by each of two aforementioned observers separately using Kinovea software.

Smartphone application

The Joint Goniometry application (version 2.1, Diomidis Papas via App Store) for
smartphones was used in simple mode for the elbow ROM measurements. This app is based
on the principle of an accelerometer, comparable to other accelerometer based smartphone
applications available in the App Store and Google Play. All 4 movements, as mentioned in
de previous paragraphs, were measured three times by the two aforementioned observers.
The previously mentioned landmarks were used as for the UG. When the subjects arm was
held in the right position, the smartphone was placed with the middle of the bottom on the
center of rotation and aligned to the proximal arm. The correct position was confirmed by a
tap on the screen, followed by alignment on the distal arm and again confirmed by another

tap. Measurements were blinded using a non-transparent elastic band on the screen.
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Data and statistical analysis

In the study preparation phase, the sample size was calculated. Based on a significance of
0.05 (alpha) and power of 0.20 (beta), assuming a moderate correlation for our four
measurement modalities, at least 18 participants were required.

All data were analyzed using SPSS version 22 (Armonk, NY, USA: IBM Corp) and Medcalc
(version 16.1). A p-value of <0.05 was considered statistically significant. Data was checked
manually for outliers in distribution. Subject characteristics are presented using descriptive
statistics and 95% confidence intervals (Cl).

Photography, movie and smartphone application based goniometry were individually
compared to the UG measurements to analyze validity. The mean of the measurements in all
three methods (photo, movie and app) of both observers was compared to the mean of the
measurements with the UG. The agreement between the alternative measurement methods
and the UG was calculated using the intra-class correlation coefficient (ICC). Because the ICC
uses variance between subjects’ ROM measurements to calculate reliability, a large variation
between subjects will lead to a higher ICC. This could possibly draw a misleading conclusion
of good reliability 1% 13>, Therefore we decided in our study to provide the mean difference
(A) and accompanying 95% confidence intervals (Cl) as well. To calculate these values, the
mean of all three goniometer measurements (for maximum flexion, extension, pro- and
supination separately) was compared to the mean of all three measurements by photo,
movie or app.

For the inter-observer reliability, the same photo (photo 2) and movie were measured by
both observers. For the smartphone application and UG the second measurement of both
observers were compared. In the same way, the mean difference (A) and 95% Cl were
determined; the means of the measurements of observer 1 were compared to the means of
observer 2. The intra-observer reliability was determined based on the measurements of the
first observer (resident in the orthopedic department). The measurements of photo 1 were
compared to photo 2. For the smartphone application and the UG the measurements of all
three moments were compared. For the movie two measurement moments of the same
movie were compared. Again, A and SD were determined. The inter-observer and intra-

observer reliability was calculated using ICC.
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For both validity and reliability analysis, the ICC’s were calculated using a two-way random
effects model where both people effects and measures effects are random. ICC between
0.75 and 1.00 indicates excellent reliability, between 0.60 and 0.74 good, between 0.40 and
0.59 moderate and ICC of <0.40 indicates a poor reliability>*. Bland-Altman plots defining the
limits of agreement (LOA) were used to determine whether a good correlation between two
measurement methods also means that there is a good agreement between two methods?2.
A t-test was subsequently conducted to check for systematic errors. In addition, the linear

regression was examined to check for proportional errors.

Results

Subject demographics

The study included 40 subjects (21 males and 19 females), each accompanied by an
inexperienced ‘photographer’. One subject had an elbow disorder without a functional
disability. The mean age was 48 years (95% Cl 43-54), mean height was 175 centimeters
(95% Cl 172-177) and mean weight 83 kilograms (95% Cl 78-89). Four subjects (10%) were
left-handed and 36 right-handed.

Validity of measurement methods

For flexion and extension, both photography and movie based measurements show a good
to excellent correlation with UG. In pronation and supination measurement using
photography and movie showed a moderate correlation with UG. The correlation between
photography and movie measurements was good. The smartphone application correlated
good with the UG in pronation and supination. Poor correlation for the smartphone
application was shown for extension measurement, while flexion showed a moderate
correlation. A proportional error was observed for extension in both photo and movie. This
means that with increasing angles, the difference in angle between photo and movie with
UG increased. The validity for the photography-, movie- and smartphone application based
measurement methods compared to UG, the A and 95% confidence intervals (Cl) are

reported in table 1.
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UG vs.

Flexion

Extension

Pronation

ICC (95% Cl)
A (95% Cl) (°)

ICC (95% Cl)
A (95% Cl) (°)

ICC (95% Cl)
A (95% ClI) (°)

Supination ICC (95% Cl)

A (95% Cl) (°)

Photography

0.71 (0.51-0.83)
0(-1.9t0 1.9)

0.76 (0.58-0.87)
1(-0.2t02.2)

0.44 (0.15-0.66)
4 (1.5 t0 6.5)

0.50 (0.23-0.70)
2 (-0.8 to 4.8)

Movie

0.63 (0.41-0.79)
0(-1.9 to 1.9)

0.78 (0.63-0.88)
0(-1.2t0 1.2)

0.45 (0.17-0.67)
2 (-0.5 to 4.5)

0.47 (0.18-0.68)
1 (-2.4 to 4.4)

Smartphone application

0.57 (0.32-0.75)

0(-2.2t02.2)

0.28 (-0.05-0.55)

5(3.8t06.2)

0.67 (0.47-0.82)

1(-0.5 to 2.5)

0.61 (0.37-0.77)

1(-1.5t0 3.5)

Table 1 — Validity of different measurement methods compared to UG measurements (ICC)

and mean difference (A) and 95% confidence intervals (Cl) (in degrees).

Inter-observer and intra-observer reliability analysis

The inter-observer reliability was excellent for photography and movie based measurements

(table 2). Results for the smartphone application and UG were moderate to good. The mean

differences between observers’ measurements, are in all cases less than 5 degrees, however

the accompanying 95% Cl show a very wide range for UG and the smartphone application.

Flexion ICC (95% Cl)
A (95% CI) (°)
Extension [ICC (95% Cl)

A (95% Cl) (°)

Pronation 1CC (95% Cl)

A (95% Cl) (°)

UG

0.41 (0.07-0.65)
5(2.8t07.2)

0.65 (0.43-0.80)
1(-0.5t0 2.5)

0.40 (0.11-0.63)
2 (-1.4 t0 5.4)

Photography

0.83 (0.65-0.92)
1(0.1t01.9)

0.93 (0.88-0.96)
0(-0.9 t0 0.9)

0.90 (0.76-0.95)
3 (1.5 to 4.5)

Movie

0.86 (0.75-0.92)
1(0.1t01.9)

0.88 (0.77-0.93)
1(-0.2t02.2)

0.82 (0.56-0.91)
3 (1.5 to 4.5)

Smartphone

application

0.66 (0.45-0.81)
2 (-0.5t0 4.5)

0.56 (0.31-0.74)
2 (-0.2t04.2)

0.55 (0.29-0.73)
3(-1.3t0 7.3)
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Supination 1CC (95% Cl) 0.71(0.51-0.83) 0.89 (0.77-0.94)  0.96 (0.93-0.98) 0.48 (0.20-0.67)

A (95% Cl) (°) 0(-22t02.2)  2(0.5t03.5) 1(0.1t01.9) 1(-2.7t04.7)

Table 2 — Inter-observer reliability (ICC) and mean difference (A) and 95% Cl (in degrees) of

UG, photography, movie and smartphone application measurements.

Intra-observer reliability was good to excellent for photography based measurements and
excellent for movie (table 3). The intra-observer reliability was poor to moderate for the
smartphone application and moderate to excellent for UG. The mean differences between to
measurements of the same observer are under 5 degrees, apart from the pronation

measurement using the smartphone.

uG Photography Movie Smartphone
application

Flexion ICC (95% ClI) 0.50(0.31-0.67) 0.87 (0.81-0.92) 0.94(0.89-0.97) 0.60 (0.36-0.76)
A (95% Cl) (°) 3(2.1t03.9) 1(0.7 to 1.3) 1(0.7 to 1.3) 4(3.4t04.6)

Extension ICC (95% Cl) 0.84 (0.75-0.91) 0.82(0.73-0.88) 0.96(0.93-0.98) 0.45 (0.16-0.66)
A (95% Cl) (°) 2(1.7t02.3) 1(0.7 to 1.3) 1(0.7 to 1.3) 3(2.4t03.6)

Pronation ICC (95% Cl) 0.71(0.57-0.81) 0.72(0.59-0.81) 0.94(0.98-0.97) 0.58(0.33-0.75)
A (95% CI) (°) 3(2.4t03.6) 3(2.1t03.9) 2(1.7t02.3) 6 (3.21t08.8)

Supination [CC (95% Cl) 0.47 (0.28-0.65) 0.71(0.57-0.81) 0.95(0.92-0.98) 0.31(0.02-0.56)
A (95% Cl) (°) 4(2.1t05.9) 3(2.4t03.6) 2(1.7t02.3) 5(3.1t06.9)

Table 3 — Intra-observer reliability (ICC) and mean difference (A) and 95% Cl of UG,

photography, movie and smartphone application measurements

Discussion
The current study reported validity, inter-observer and intra-observer reliability for universal
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goniometry compared to 3 alternative measurement methods for elbow goniometry
including photography, movie and a smartphone application. Validity appeared to be
dependent on which elbow motion was measured. Photography and movie based
goniometry showed better validity in flexion and extension, whereas the smartphone
application showed better validity for pronation and supination. With respect to the
reliability, inter-observer and intra-observer reliability were found to be good to excellent
for photo and movie, but were predominantly poor to moderate for UG and the smartphone
application. This means that in our study the variance in measurements amongst and within
the observers is smaller for photo and movie compared to UG and the smartphone

application.

In our study a systematic (proportional) error underestimating the extension measurement
was observed by both photo and movie when compared to UG. Therefore, the results of
extension from photo and movie are not interchangeable with UG. These findings are in line
with previous literature on elbow and knee goniometry 2% 4852 1t is questionable if this error
is caused by the photo, movie or UG measurement. Difficulties identifying the rotation
center landmark has been designated as source for an error in the extension using
photography or UG. Hence, it seems that in literature the UG is underestimating the

extension angle 2052 108,

With respect to the reliability of the UG measurements, our study results are only partially in
line with previous literature. Literature on inter-observer and intra-observer reliability shows
ICC values within a wide range, from 0.45-0.99, yet most ICC’s were over 0.70 > 3% 30,56, 115,
129,180 |n our study, the inter-observer reliability of UG were moderate to good, ranging from
0.40 to 0.71 and the intra-observer reliability was moderate to excellent, ranging from 0.47
to 0.84. The wide range for reliability in both the literature and our study could be explained

by the fact that the observers only had a few years’ experience.

The reliability of photography in our study is in line with previous studies, however for the
smartphone application our study demonstrated lower reliability. In literature, for both
photography and smartphone apps excellent reliability was observed for several joints.

Studies include photography of the elbow?% %2 or knee'®® and smartphone apps based on an
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accelerometer principle for the knee?®® 100113 or shoulder®®®, All studies showed that
photography or a smartphone application offer better reliability and are less dependent on
the observers’ experience compared to UG. A possible explanation for the disappointing
results for the smartphone application in our study is the use by laymen. When tapping the
screen, the application sometimes faltered and deviating results were not always recognized
by the subjects.

We did not find literature using movie based goniometry. The excellent ICC’s we found for
the movie could be an overestimation, because two observations of measurements by each
observer were based on a single movie.

Consideration should be given to the fact that UG might not be the most reliable method for
elbow ROM measurement, especially in inexperienced examiners, as shown both in the
literature and by the current study 152, Also, goniometry is used on a moving subject, unlike
photography and movie, where measurements are carried out on a still image. Furthermore,
measurement of functional forearm rotation (thus including carpal rotation) and pronation
and supination are frequently placed under a common denominator. However, this accounts

for all types of measurement methods we used.

This study is not without limitations. Subjects under 18 years old were excluded because of
legal issues in younger patients. Moreover, in our study sample of 40 participants no
patients with functional disabilities were included. Our results may not be automatically
generalized for a population with elbow pathology without additional research. However,
previous literature comparing the reliability of goniometric elbow measurements of
pronation and supination show good inter- and intra-rater reliability for non-injured and
even better for injured subjects 3 74,

To verify correctness of measurements, measurements took place on our location, still
simulating the home environment. It appeared that some participants required minimal
adjustments to conduct the protocol correctly; in particular, during the imaging of the
maximum supination to maximum pronation some of the participants forgot to keep the
elbow against the body. For measurements in the home environment it is recommended to
emphasize this in the protocol and for example practice the measurements with the patients

the first time at the outpatient clinic or rehabilitation/physiotherapy center. It also might be
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illustrative to provide an accompanying instruction film when the measurements will
actually take place in a home situation.

In order to obtain a measurement as reliable as possible, we recommend to use
photography or movie for measurements both at the outpatient clinic and in the home
environment. This allows the clinician to save the photo or movie and demonstrate the
change (e.g. before and after intervention or follow-up) by showing sequential photos or
movies to the patient. This provides the opportunity to increase patient engagement and
adherence to rehabilitation therapy. Furthermore, between therapy sessions and for the
long term follow-up the patient has to visit the clinic less frequently without losing

important information on the patients’ progress.

Conclusion

Based on this study, we recommend the use of photo or movie based goniometry for flexion

and extension measurements of the elbow motion. These methods can be used in both the

clinic and a home environment to increase the amount of follow-up moments and patient

engagement during the rehabilitation process.

43



Part i

Physical examination of the elbow
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Abstract

Obijective: primary to provide an overview of diagnostic accuracy for clinical tests for
common elbow (sport) injuries, secondary accompanied by reproducible instructions to
perform these tests.

Design: a systematic literature review according to the PRISMA statement.

Data sources: a comprehensive literature search was performed in MEDLINE via PubMed
and EMBASE.

Eligibility criteria: we included studies reporting diagnostic accuracy and a description on the

performance for elbow tests, targeting the following conditions: distal biceps rupture,
triceps rupture, posteromedial impingement, medial collateral ligament (MCL) insufficiency,

posterolateral rotatory instability (PLRI), lateral epicondylitis, medial epicondylitis. After
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identifying the articles, the methodological quality was assessed using the QUADAS-2
checklist.

Results: our primary literature search yielded 1144 hits. After assessment 10 articles were
included: 6 for distal biceps rupture, 1 for MCL insufficiency, 2 for PLRI, 1 for lateral
epicondylitis. No articles were selected for triceps rupture, posteromedial impingement and
medial epicondylitis. Quality assessment showed high or unclear risk of bias in 9 studies. We
described 24 test procedures of which 14 tests contained data on diagnostic accuracy.
Conclusions: numerous clinical tests for the elbow were described in literature, seldom
accompanied with data on diagnostic accuracy. None of the described tests can provide

adequate certainty to rule in or rule out a disease based on sufficient diagnostic accuracy.

What are the new findings

1. Numerous clinical tests for the elbow are described in literature, seldom accompanied
with data on diagnostic accuracy.

2. None of the described tests can provide adequate certainty to rule in or rule out a disease
based on sufficient diagnostic accuracy.

3. All tests described in this review are performed in a clinical setting with a high pre-test

probability, so diagnostic accuracy may be different in a general practice.

How might it impact on clinical practice in the near future?

1. Sufficient knowledge of underlying anatomical structures is important to interpret test
results.

2. Descriptions for the execution of the tests provided in this review can be used to perform
the tests in a similar manner.

3. Diagnostic accuracy derived from publications should be interpreted with understanding

on methodology.

Introduction

The elbow is a complex joint and due to relative instability of the osseous articulations of the
elbow, ligaments are required to provide elbow stability'%®. The relative instability makes the

elbow prone to overuse injuries, mostly caused by sports (especially overhead throwing
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athletes’3) and work with repetitive elbow movements. Repetitive overhead throwing
imparts high valgus and extension loads to the athlete’s elbow, causing shear stress
posteriorly and tensile stress medially with compression on the lateral side3. About 20% of
the overuse injuries in the young athlete involve the elbow’?. Acute elbow injuries are also
common, making up approximately 15% of emergency department visits for upper-extremity
musculoskeletal injuries!!8,

After obtaining a medical history, physical examination is in most cases essential to make the
diagnosis. A wide range of clinical tests is available and therefore it is challenging for an
examiner to choose the right test to diagnose the patient’s condition. If physical examination
is reliable enough to rule in or rule out pathology, sometimes additional diagnostic imaging
such as MRI could be omitted. By diagnosing through physical examination, less burden for
the patient and less delay in diagnosis will be achieved in a cost-effective way. However,
without adequate performance of the tests and knowledge on diagnostic accuracy, an
examiner is not able to interpret physical examination of the elbow. Descriptions of elbow
tests can be found in a few textbooks and various articles, although these were not recently
updated and show variation in the execution of tests. An example is the valgus stress test,

described with different angles of elbow flexion, ranging from 20° to 70°11% 122,132,

Therefore the objectives of the current study were (1) to investigate the diagnostic accuracy
for the available diagnostic tests for specific elbow injuries and (2) to provide detailed
instructions in order to effectuate accurate execution and interpretation by the examiner in
a similar manner. We aim to apply these objectives for common acute and chronic elbow
injuries and accompanying physical examination tests derived from literature and experts’

opinions.

Materials and methods

This literature review was conducted according to the PRISMA statement?93,

Study criteria

Both prospective and retrospective observational study designs were included. Studies

should describe and evaluate physical examination tests of the elbow to diagnose one or

47



more of the following conditions: total distal biceps rupture, triceps rupture, posteromedial
impingement, medial collateral ligament (MCL) insufficiency, posterolateral rotatory
instability (PLRI), and lateral or medial epicondylitis. Selection of these injuries and
diagnostic tests were based on expert opinions and previous literature37-3% 67, 73,81, 101,136, 144,
152 (table 1). Physical examination is defined as a manually performed test on a living human
adolescent or adult. The reference standard should be the most accurate diagnostic test (e.g.
clinical test, diagnostic imaging or surgery) available for the targeted disease, according to
available literature. However, since literature in this field can be ambiguous, expert opinions
on the suitability of the reference standard were valued as decisive. Studies should report
sufficient data to calculate different values of accuracy. The minimum number of patients

was not pre-determined. There were no language restrictions, studies that were not

published in English or Dutch were included if translation was possible.

Table 1 — Conditions and corresponding tests

Condition Test

Total distal biceps rupture Hook test

Passive pronation supination test (PFP)
Supination-Pronation test

Biceps squeeze test / (Biceps) belly squeeze test
Bicipital aponeurosis (BA) flex test

Biceps crease interval (BCl)

Biceps crease ratio (BCR)

Total triceps rupture Triceps squeeze test / (Triceps) belly squeeze test
Posteromedial Arm bar test
Impingement Syndrome Posteromedial impingement test/valgus overload test

Medial collateral ligament Moving valgus stress test
(MCL) insufficiency Valgus stress test / Ligamentous instability test

Milking manoeuvre

Posterolateral rotatory Table-top relocation test
instability (PLRI) Stand-up test/chair push-up test

Push-up test
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Lateral pivot shift test (awake/under anaesthesia) /
Posterolateral rotatory apprehension test

Posterolateral drawer test

Lateral epicondylitis / Cozen’s test

Tennis elbow Polk’s test

Maudsley’s test/middle finger resistance/extension test
Mill’s test

Kaplan sign/test

Grip strength test (5%-8%-10% decrease)

Medial epicondylitis / Epicondylitis medialis (shear) test/Golfer’s elbow test

Golfer’s elbow Polk’s test

Search strategy

A comprehensive electronic literature search for diagnostic studies was performed in
collaboration with an experienced clinical librarian in MEDLINE via PubMed and EMBASE
(earliest year until May 2016). The foundation of every search consisted keywords (MeSH
and in all fields) elbow joint, elbow, diagnosis, diagnostic test, physical examination,
measurement, sensitivity, specificity and accuracy. All searches were complemented by
disease and test-specific keywords as mentioned in table 1. Reference lists of all included

articles were manually checked for potential eligible citations.

Study selection

Two authors (MS and EZ) independently screened all titles and abstracts to identify relevant
studies meeting the described study criteria. The authors were not blinded for author and
affiliation names of these studies. Full text articles of potentially relevant studies were
obtained and assessed. Any disagreement was solved by consensus by the help of a third

author (MB).

Data extraction

Two authors (EZ and MS) extracted the following data from the included studies: first

author, year of publication, study design, setting, number of patients, diagnosed pathology,
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prevalence, index test(s), reference test(s) and data to construct 2x2-tables for diagnostic

accuracy properties.

Quality assessment

The quality of each included study was assessed by two authors (EZ and FM) using the
revised version of the QUADAS, namely the QUADAS-2 checklist'*¢. The checklist contains 4
domains: patient selection, index test, reference standard, and flow and timing. These
domains are assessed for the risk of bias, and the first 3 domains are also assessed for
applicability. Each item was scored “low”, “high” or “unclear”. Studies which scored “low” on
all four domains received the overall judgement “low risk of bias and low concern regarding
applicability”. If a study was judged "high" or "unclear" on one or more domains then overall

judgement was “at risk of bias or concerns regarding applicability”.

Data analysis and synthesis

Data-analysis was performed by two independent authors (EZ and FM) using Microsoft Excel
2010 (Microsoft Corp. Washington, USA). Sensitivity/specificity, positive predictive value
(PPV), negative predictive value (NPV) and likelihood ratios (LR) were calculated if possible. A
positive likelihood ratio (LR+, i.e. post-test probability of disease presence) >10 and a
negative likelihood ratio (LR-, i.e. post-test probability of disease absence) <0.1 were
defined as large®2. Confidence intervals for sensitivity and specificity!'° and for positive and

negative likelihood ratios were calculated®*2.

Results

Study selection

A total of 1142 articles were identified and manual reference checking identified 2 extra
articles. After removal of duplicates, 1114 articles were available for screening on title. After
exclusion of 1014 articles the abstracts of the remaining 100 articles were reviewed. Twenty-
four full-text articles were selected and assessed. Ten articles were included into the final

selection (figure 1).

50



Quality assessment

The QUADAS-2 checklist showed a low risk of bias and applicability concerns on all items in 1

study®3L. All other studies had 1 to 4 items scored as ‘high’ or ‘unclear risk and applicability

concerns’ (table 2).

Table 2 — Risk of bias and applicability assessment based on QUADAS-2 checklist

Condition Study Risk of bias Applicability
concerns
T 5] 2|8 21 3L 5] 2%
& 2| 2|32 ] 2§ 2| 2 O
s ~| |3 8| 35 & g S
S 8 o o o P 8 - o
—+ D + (¢°]
Total distal biceps | Metzman
Unclear | Low | Low Low | High | Low | Low
rupture 2015
Devereaux
Low High | Low Low | High | Low | Low
2013
ElMaraghy
High Low | Low Low | Low | High | Low
2013
ElMaraghy
Low Low | Unclear | Low | High | Low | Low
2008
O'Driscoll
High Low | Low High | High | High | Low
2007
Ruland 2005 | Low Low | Low Low | Low | LlLow | Low
MCL insufficiency | O'Driscoll
Low Low | Low Low | Low | Low | Low
2005
PLRI Arvind 2006 | High Low | Low Low | High | Low | Low
Regan 2006 High
High Low | Low Low Low | Low
Lateral Dorf 2007
Low Low | Unclear | Low | High | Low | Low
epicondylitis
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Study characteristics

Ten articles were included: 6 (170 patients, 134 with disease) for total distal biceps rupture
41,46,47,93,111, 131 1 (21 patients, 17 with disease) for MCL insufficiency'?, 2 (16 patients, all
with disease) for PLRI® 126 and 1 (40 patients, all with disease, the contralateral arm served
as control group) for lateral epicondylitis*3. No articles were selected for total triceps
rupture, posteromedial impingement and medial epicondylitis. Characteristics of studies are

summarized in table 3.

Table 3 — Summary of study characteristics

Reference
Condition Study Design Setting Prevalence Index test
test
Metzman | Case General 5/5 (100%) | Surgery Supination-
2015% control | hospital pronation
test
Devereaux | Cohort Teaching 42/48 Surgery Hook test
20134 hospital (87.5%) (T+) or MRI | PFP
(T-) BCl
EIMaraghy | Case Orthopaedic | 7/17 Surgery BA flex test
20134 control | clinic (41.2%)
Total distal
ElMaraghy | Cohort University 24/29 Surgery BCI
biceps
20084 hospital (82.8%) (T+) or MRI | BCR
rupture
(T-)
O'Driscoll | Case Tertiary 33/45 Surgery Hook test
200711 control | clinic (73.3%)
Ruland Cohort Naval 23/26 Surgery Biceps
200513! hospital (88.5%) (T+) or MRI | squeeze
(T-)
O'Driscoll | Cohort Tertiary 17/21 Surgery Moving
MCL
2005112 clinic (81.0%) valgus
insufficiency
stress
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Valgus
Stress
(pain)
Valgus
stress
(laxity)
Arvind Unclear | General 8/8 (100%) | Pivot Shift | Table top
2006° hospital test relocation
test
Regan Cohort Sports 8/8 (100%) | Surgery Stand-up/
200616 Medicine Chair push-
Centre up test
PLRI
Push-up
test
Pivot shift
(awake)
Pivot shift
(anaest.)
Dorf Case University 40/40 Tenderness | Grip
20074 control | Hospital (100%) of ECRB, strength
Mills test, test 5%
Lateral Maudsley's | 8%
epicondylitis test and, 10%
resisted
wrist
extension

Diagnostic accuracy of tests

In total 24 test procedures are described, for fourteen of these tests data on diagnostic

accuracy were available. For total distal biceps rupture 7 different tests were described in 6
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studies? 47,99 111,131 These tests showed sensitivity ranging from 81 to 100% and specificity
ranging from not applicable to 100%. The hook test is performed by hooking a finger under
the distal biceps tendon from the lateral side*" 111, The passive forearm pronation (PFP)
test*!, supination-pronation test® and biceps squeeze test!3! investigate the function of the
biceps tendon: in a normal functioning tendon pro-nation/supination results in a change of
the muscle belly outline and squeezing the biceps results in supination. In the BA flex test,
the examiner needs to identify the BA from the medial side. One of the included studies
showed that in 59% of the 17 patients they followed (16 total biceps ruptures and one high
grade partial rupture) the BA remained intact*®. The biceps crease interval (BCl) test uses the
distance between the antecubital fossa and the start of the biceps curve, with 6.0cm (2
standard deviations larger than in a control group) as a cut-off value*"#’. The biceps crease
ratio (BCR) is an additional test that compares the biceps crease between the injured and
non-injured arm*’. A combination of the hook test, PFP and BCl altered the sensitivity, but
dropped the specificity compared to separate tests*!. Combining BCl and BCR resulted in

similar diagnostic accuracy as BCR separately®’.

No studies were found describing a clinical diagnostic test for total triceps rupture. In
textbooks though, the triceps squeeze test is described32. Based on the same mechanism
used for the biceps squeeze test, the test is performed by squeezing the muscle belly of the
triceps and conclusion of triceps rupture is made in case of absence of extension in the

elbow.

The posteromedial impingement syndrome is caused by a mechanical constraint by bony or
soft tissue in the posteromedial side of the elbow. The arm bar test3® and valgus overload
test (or posteromedial impingement test)** provoke entrapment of the tissue in the
posterior (and medial) olecranon fossa. No diagnostic accuracy studies of these tests were

found.

One study focussed on the diagnostic tests for MCL insufficiency!'2. The moving valgus stress
test provokes the stress in a throwing movement, reproducing pain in the “shear angle”
from 120° to 70°. Sensitivity for a MCL insufficiency was 75% and specificity 100%. In the

valgus stress test the examiner holds the elbow in 70° flexion and applies valgus stress. For
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pain as an outcome, the test showed 65% sensitivity and 50% specificity. However, by
utilizing laxity as outcome, the test had a disappointing sensitivity but perfect specificity of
100%. In literature the milking manoeuvre was described, but no evidence on diagnostic

accuracy has been found in our search3?* 3%,

For PLRI, caused by an injury of the lateral ulnar collateral ligament, 4 different tests were
studied in 2 articles. All tests aim to reproduce instability and are assessed by the existence
of apprehension or dislocation of the radial head combined with distinctive pain. The table-
top relocation test®, stand-up/chair push-up test?® and push-up test'26 show similar
capacities for a positive finding when the disease was presence with sensitivity from 88 to
100%. The pivot shift test is performed on a fully supinated and extended elbow followed by
a combination of valgus stress and axial compression while flexing the elbow and is positive
when the radial head dislocates around 40° flexion. The test shows sensitivity of only 38% in

the awake patient, but 100% sensitivity when the test is performed under anesthesia®?®.

Lateral epicondylitis is a disorder of the wrist- and finger extensors and specific diagnostic
tests aim to stretch these muscles. Active movement tests include dorsal flexion of the wrist
resisted by the examiner (Cozen’s test®*) or by holding a book (Polk test'?®) and dorsal
extension of the middle finger against resistance (Maudsley’s test*3). Mills test is performed
by passively bringing the hand to palmar flexion and hereby stretching the extensors*3. None
of these tests were supplemented by information on diagnostic accuracy. Only one test, the
grip strength test, presented sensitivity and specificity data*?. The decrease of grip strength
was determined for a decrease of 5%, 8% and 10% using a hand-held dynamometer.
Sensitivity ranged from 85% to 78% and specificity from 80% to 90%. A disadvantage of the

grip strength test is that the examiner needs a special device to examine the patient.

Medial epicondylitis is a disorder of the wrist- and finger flexors and specific diagnostic tests
aim to stretch these muscles. The epicondylitis medialis test or golfers elbow test’3 is
performed by active palmar flexion of the hand without resistance and Polk’s test!'® adds
resistance by letting the patient hold a book. No studies on diagnostic accuracy for these

tests were found.
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Diagnostic accuracy of the 14 available studies is summarized in table 4. Descriptions for the

performance of all 24 tests are presented in table 5.

Table 4 — Summary of study diagnostic accuracy of tests

Diagnostic accuracy

Sens Spec | PPV NPV LR+ LR-
Condition Study Index test
(%) (%) (%) (%) () | (cn
(cn (€1 (Cl) (€1
Metzman | Supination- | 100 100
2015%° pronation (47.8- | N/A (47,8 | N/A N/A | N/A
test 100) -100)
Devereau | Hook test 0.19
x 20134 81 100 100 42.9 (0.1
(65.9- | (54.1 |(89.7 | (17.7- | N/A |-
91.4) |-100) |-100) |71.1) 0.36
)
PFP 0.05
95.2 100 100 75 (0.0
(83.8- | (54.1 | (91.2 |(34.9- [N/A |1-
Total distal
99.4) |-100) |-100) | 96.8) 0.18
biceps
)
rupture
BCI 0.24
50 92.5 1.76
88.1 37.5 (0.0
(11.8- | (79.6 (0.79
(74.4 - (8.5 - 8-
88.19 | - -
96) 75.5) 0.75
) 98.4) 3.95)
)
Combinatio 2.0
100 50 93.3 100
n hook + (0.90
(91.59 | (11.8- | (81.7- | (29.24 0
PFP + BCI -
-100) | 88.2) |98.6) |-100)
4.45)
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ElIMaragh | BA flex test 90
87.5 10
y 20134 100 (55.5 100
(47.4 (1.56
(59 - - (66.4 - 0
100) 99.75 100)
99.7) 64.2)
)
ElMaragh | BCI 0.08
91.7 100 100 71.4
y 2008% (0.0
(73 - (47.8 | (84.6 | (29- N/A
2 -
99) -100) |-100) | 96.3)
0.3)
BCR 0.05
80 95.8 4.79
95.8 80 (0.0
(28.4 | (78.9 (0.83
(78.9 - (28.4 - 1-
99.9) 99.5) 0.37
99.5) | 99.9) 27.7)
)
Combinatio 0.05
80 95.8 4.79
n BCl+ BCR | 95.8 80 (0.0
(28.4 | (78.9 (0.83
(78.9 - (28.4 - 1-
99.9) 99.5) 0.37
99.5) | 99.9) 27.7)
)
O'Driscoll | Hook test 100 100 100 100
200711 (89.4- | (73.5 |(89.4 |(745- [N/A |0
100) -100) |-100) | 100)
Ruland Biceps 95.8
100 66.7 100 3
2005131 squeeze (78.9
(85.2- | (9.4 - (15.8- | (0.6- | O
100) 99.2) 100) 14.9)
99.9)
O'Driscoll | Moving 94.4
75
MCL 2005112 valgus stress | 100 (72.7 | 100 4
(19.4
insufficienc (80.5 - - (29.2- | (0.7- |0
y 100) 99.86 | 100) 21.8)
99.4)

57



Valgus 0.71
84.6 1.29
Stress (pain) | 64.7 50 25 (0.2
(54.6 (0.46
(38.3- | (6.8 - (3.2- 2-
85.8) |93.2) 65.1) 2.28
98.1) 3.66)
)
Valgus 0.81
stress 18.8 100 100 23.5 (0.6
(laxity) (4.1- |(38.8 |(29.2 |(6.8- |N/A |-
45.7) | -100) | -100) | 49.9) 1.03
)
Arvind Table top 100 100
2006° relocation (63.1- | N/A (63.1 | N/A N/A N/A
test 100) -100)
Regan Stand-up/ 87.5 100 0
2006126 Chair push- | (47.4- | N/A | (59- |(O- N/A | N/A
up test 99.7) 100) | 97.5)
Push-up test | 87.5 100 0
PLRI (47.4- |N/A | (59- |(O- N/A | N/A
99.7) 100) | 97.5)
Pivot shift 37.5 100 0
(awake) (85- |N/A |(29.2 |(0- N/A | N/A
75.5) -100) | 52.2)
Pivot shift 100 100
(anaest.) (63.1- | N/A (63.1 | N/A N/A | N/A
100) -100)
Dorf Grip 0.21
83 4.2
Lateral 200743 strength (0.0
(66.4 - | 80 N/A | N/A (1.2 -
epiconadyliti test 5% 9-
92.7) 14.5)
S 0.5)
8% 80 85 N/A N/A 533 |0.24
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(58.4- | (64 - (1.8- | (0.1
91.9) |94.8) 15.5) | -
0.6)
10% 90
78 7.7 0.24
(59.6
(59.1 - N/A N/A (1.2- | 0.1-
88.2) | 49.7) | 0.5)
98.2)
T+ = index test positive T- = index test negative
PPV = Positive Predictive Value NPV = Negative Predictive Value
LR+ = Positive Likelihood Ratio LR- = Negative Likelihood Ratio
Table 5 - Description of specific diagnostic tests for the elbow
Total distal biceps rupture
Hook test* 111 (Sens 81-100% / Spec 100%)
Patient position Seated, passive supination forearm, 90° elbow flexion
Examiner position  Index finger on antecubital fossa
Test Hook index finger under intact biceps tendon from lateral side
Assessment No cord-like structure to hook a finger indicates total distal biceps
rupture, painful test indicates partial rupture
Passive forearm pronation test*! (PFP) (Sens 95% / Spec 100%)
Patient position Seated, 90° elbow flexion
Examiner position  Hand on m. biceps, fixate wrist
Test Palpate m. biceps while pro-/supinating forearm passively
Assessment No proximal excursion of biceps in supination and distal migration in

pronation indicates total distal biceps rupture

Supination-pronation test®’ (Sens 100%)
Patient position Standing, shoulders abducted 90°, elbows flexed 60-70°

Examiner position  Stand in front of patient, observe contour biceps
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Test Ask patient to actively supinate and pronate forearms by turning
hands

Assessment Lack of migration of the biceps muscle indicates total biceps rupture

Biceps squeeze test'3! (Sens 100% / 67%)

Patient position Seated, forearm resting comfortably, 60°-80° elbow flexion
Examiner position  Hand on distal biceps tendon, other around muscle belly
Test Pronate forearm slightly, squeeze both hands firmly

Assessment No supination of the forearm indicates total distal biceps rupture

Bicipital aponeurosis (BA) Flex Test* (Sens 100% / Spec 90%)

Patient position Seated, 0° elbow extension, active wrist flexion, forearm supinated

Examiner position  One hand on wrist, index finger on antecubital fossa

Test Flex elbow passively to 75°, palpate medial/lateral/central parts of
the antecubital fossa

Assessment No sharp edge medially indicates BA rupture and could indicate total

distal biceps rupture

Biceps crease interval*>#” (BCl) (Sens 88-92% / Spec 50-100%)

Patient position Seated, 90° elbow flexion

Examiner position  Fixate wrist, index finger on antecubital fossa

Test Passively extend the elbow, supinate forearm. Mark flexion crease in
antecubital fossa. Mark start of biceps curve. Measure distance
between marks

Assessment Absolute BCl value >6cm indicates total distal biceps rupture

Biceps crease ratio?” (BCR) (Sens 96% / Spec 80%)

Patient position Seated, 90° elbow flexion

Examiner position  Fixate wrist, index finger on antecubital fossa

Test Repeat steps of BCl test on contralateral arm, calculate ratio

between BCl’s in both arms
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Assessment BCR >1.2 indicates total distal biceps rupture

Total distal triceps rupture
Triceps squeeze test3®
Patient position Seated, forearm hanging comfortably over the back of a chair, 90°
elbow flexion
Examiner position  Hand on distal triceps tendon, other around muscle belly
Test Squeeze both hands firmly

Assessment No extension of the elbow indicates total triceps rupture

Posteromedial impingement syndrome
Arm bar test>’
Patient position Standing, shoulder in full internal rotation (thumb pointing
downwards) and 90° anteflexion, elbow extended, index finger
resting on examiners’ shoulder

Examiner position ~ Hand on distal humerus

Test Apply pressure on distal humerus to fully extend patients’ elbow
Assessment Distinctive posteromedial pain indicates posteromedial impingement
syndrome

Valgus overload test / posteromedial impingement test*

Patient position Seated or standing, 20°-30° elbow flexion

Examiner position  Fixate upper arm and grasp wrist

Test From starting position the examiner forcibly extends the elbow while
applying valgus stress

Assessment Distinctive posteromedial pain indicates posteromedial impingement

syndrome
MCL insufficiency

Moving valgus stress test'?? (Sens 100% / Spec 75%)

Patient position Seated, 90° shoulder abduction, maximum elbow flexion
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Examiner position

Test

Assessment

Stabilize humerus and hold wrist

Apply valgus stress until shoulder reaches maximum external
rotation. Maintain valgus stress and quickly extend elbow to 30°
Distinctive pain, max. between 120° and 70° flexion (“shear angle”)

indicates MCL insufficiency

Valgus stress test'? (Pain: Sens 65% / Spec 50%, Laxity: Sens 19% / Spec 100%)

Patient position
Examiner position
Test

Assessment

Seated, 70° elbow flexion, supinated maximally

Stabilize humerus and hold forearm

Apply valgus stress

Distinctive pain or laxity (compare to other elbow) indicates MCL

insufficiency

Milking manoeuvre3> 3°

Patient position

Examiner position

Test

Assessment

Seated, shoulder 90° anteflexion, elbow >90° flexion, forearm
supinated, fingers in fist, thumb pointing lateral

While maintaining patients position, stabilize humerus and grab
thumb

Apply downward and valgus stress on patients’ thumb

Distinctive pain indicates MCL insufficiency

Posterolateral Rotatory Instability (PLRI)

Table-top relocation test® (Sens 100%)

Patient position

Examiner position

Test

Assessment

Standing in front of a table, hand placed over lateral edge of the
table, elbow pointing laterally and forearm supinated

Standing next to patient

1) Ask patient to perform press-up with symptomatic arm;

2) Repeat with examinators’ thumb on radial head;

3) Remove thumb with patient maintaining position in step 2

1) Distinctive pain and positive apprehension at 40° elbow flexion;

2) Symptoms relieved;
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3) Reproducing pain + positive apprehension

Stand-up test/chair push-up test* 126 (Sens 88%)

Patient position Seated, both elbows 90° flexion, holding armrests with shoulder
abduction and forearm supinated

Examiner position  Standing/sitting close to patient

Test Ask patient to arise chair by pushing down

Assessment Pain that slowly extends while patient rises indicates PLRI

Push-up test® %% (Sens 88%)

Patient position Lay with chest on the floor, elbows flexed at 90°, shoulders
abducted, forearm supinated

Examiner position  Standing/sitting close to patient

Test Ask patient to perform push-up

Assessment Apprehension or radial head dislocation indicates PLRI

Lateral pivot shift test” 126 (Awake: Sens 38%, Anaesthesia: Sens 100%)

Patient position Supine, shoulder anteflexion about 100° and full external rotation,
forearm fully supinated, elbow maximally extended

Examiner position  Gasp patients’ forearm and wrist

Test Apply a combination of supination, valgus stress and axial
compression to the elbow while flexing the elbow

Assessment At approx. 40° flexion apprehension or dislocation of radial head

(dimple in skin) indicates PLRI

Lateral Epicondylitis
Cozen’s test®*
Patient position Seated, elbow extended, forearm maximal pronation, wrist radially
abducted, hand in a fist
Examiner position  Stabilize elbow while palpating lateral epicondyle, other hand placed

on dorsum of the hand
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Test

Assessment

Polk’s test
lateral't?
Patient position

Examiner position

Test

Assessment

Ask patient move the wrist to dorsal flexion and move the wrist
towards palmar flexion

Pain on the lateral epicondyle indicates lateral epicondylitis

Seated, elbow flexion about 100°, pronation of the forearm
Close/next to patient, carrying an object (e.g. a book) of approx.
2.5kg/5lb

Ask patient to grab and lift the object

Pain on the lateral epicondyle indicates lateral epicondylitis

Maudsley’s test / Middle finger resistance test*

Patient position

Examiner position

Test

Assessment

Mill’s test*?
Patient position
Examiner position
Test

Assessment

Seated, extended elbow, forearm and palmar side of the hand on
table

Stabilize forearm on table, finger on tip of digitus 3/middle finger

Ask patient to lift middle finger while the examiner pushes the finger

down to the table

Pain on the lateral epicondyle indicates lateral epicondylitis

Seated, elbow extended, forearm pronated
Stabilize elbow while palpating lateral epicondyle, grab wrist
Move the wrist passively in palmar flexion

Pain on the lateral epicondyle indicates lateral epicondylitis

Grip strength test* (5-8-10% decrease: Sens 83-80-78% / Spec 80-85-90%)

Patient position

Examiner position

Seated, holding hand dynamometer with adducted shoulder, neutral

rotation, forearm and wrist in neutral position

Seated next/close to patient
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Test Ask patient to squeeze the dynamometer as strong as possible (pain
may occur) in 90° elbow flexion and secondly in full extension
Assessment 5%-8%-10% decrease in grip strength between flexion and extension

indicates lateral epicondylitis

Medial epicondylitis
Epicondylitis medialis test / Golfer’s elbow test
Patient position Seated, elbow extended and fully supinated
Examiner position  Place one hand on the patients ventral side of the hand, stabilize the
elbow with other hand
Test Ask patient to move to hand to palmar flexion against your resistance

Assessment Pain on the medial epicondyle indicates medial epicondylitis

Polk’s test medial**’
Patient position Seated, elbow flexion about 100°, supination of the forearm

Examiner position  Close/next to patient, carrying an object (e.g. a book) of approx.

2.5kg/5lb
Test Ask patient to grab and lift the object
Assessment Pain on the medial epicondyle indicates medial epicondylitis

Discussion

The primary objective of the current study was to investigate the diagnostic accuracy for the
available diagnostic tests for elbow injuries that mostly occur due to sports or work. Our
secondary objective was to provide detailed instructions for these tests. In the current
literature review, we focussed only on the diagnostic tests of the elbow and did not
incorporate anamnesis and other findings in physical examination such as inspection, range
of motion and palpation. Previous literature reviews of the elbow already gave an overview
of the differential diagnosis of elbow pain based anatomic regions’3. Other studies®” %4 102
and several books37-3% 81,101,136, 144 a|ghorated on the history taking, physical examination

and treatment of common elbow injuries. However, these resources are not up-to-date and
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did not conduct a systematic literature research. Valdes et al.*>? did a systematic review on

provocative tests only, leaving out most of the common diagnostic elbow tests.

In literature, we found twenty-four test procedures described in such a way that the test is
reproducible. For fourteen tests diagnostic accuracy was available. Interpretation of
diagnostic accuracy results should be done with great caution. Sensitivity and specificity
reflects the prevalence of a disease within a given population. PPV/NPV reflects the outcome
of a test for an individual within a given population and is influenced by prevalence of
disease!®, For example; if there are few subjects with the disease, there is a reduced chance
to diagnose the disease compared to when there are many subjects with the disease. As a
result the PPV decreases. Because a lot of subjects in the example are symptomatic but do
not have the investigated disease, the NPV increases. In the current review, most studied
elbow conditions have a high prevalence in the studied population, in contrast to their
prevalence in general orthopaedic practice. The higher prevalence compared to the general
situation can result in a overestimated PPV in all studies. It is even possible, in studies with
diseased people only, that PPV artificially rises to 100%%°. In our review all PLRI tests® 126 and
the supination-pronation test®® showed an artificially high PPV based on diseased people
only, resulting in even less transferable and generalizable diagnostic accuracy outcomes.
Interpreting likelihood ratios from a clinical perspective, a LR+ >1 indicates that a positive
test increases the post-test probability above the prevalence or pre-test probability. Thus, a
LR+>1 means that the diagnostic test increases the probability that a condition is present®’.
However, none of the studies showed likelihood ratios that we defined as large. In most
studies the Cl of LR+ even crossed 1 and are therefore not significant. All grip strength tests
for LE and the BA flex test for distal biceps rupture showed a statistically significant LR+43 46,
however apart from the Grip strength test for 5% and 8% decrease the Cl’s were very wide.
Therefore all tests contributed only little to the diagnostic certainty that the condition was

present.

Amongst the included studies, two authors combined 2 or 3 diagnostic tests to obtain the
diagnosis of distal biceps rupture. A combination of the hook test, PFP test and BCI showed
an altered sensitivity, but resulted in a lower specificity compared to each individual tests*.

Combining BCl and BCR on 17 patients showed the same diagnostic accuracy as for BCR%’.
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The so-called “composite physical examination” (CPE) was evaluated in a few studies for the
shoulder®® and knee** 6> 84 143,146 joint, all showing slightly altered diagnostic accuracy,
especially for sensitivity. Thus, a combination of tests with a positive result will in those
cases increase the post-test probability. The limited studies on CPE for elbow injuries have

not demonstrated an added value and needs further exploration.

In addition to the remarks on the interpretation of diagnostic accuracy statistics, important
limitations in the quality of the included studies were observed. In general, small numbers
of patients (ranging from 5 to 48) were included, explained by the fact that elbow conditions
are relatively rare. The studies reporting on the supination-pronation test®® had only 5
subjects and both studies describing tests for PLRI> 126 included only 8 subjects each.
Conclusions based on these small sample sizes are neither transferable nor generalizable.
Furthermore, due to the retrospective nature of most studies included in current systematic
review, many patients were excluded because of an incomplete medical record. Only 2 out
of 10 studies were conducted in a general hospital® °°, other hospitals were specialized
clinics examining referred patients. Performing the tests in a specialized clinic could lead to
selection bias, causing higher diagnostic accuracy in specialized clinics compared to the use
in a general population. Only two studies concerning the biceps squeeze test'3! and tests for

112 ‘met all the QUADAS-2 criteria and therefore seems to have low risk of bias.

MCL injuries
However, even in the abovementioned studies the number of symptomatic subjects without
disease were still very low in comparison with the diseased subjects (3/26 and 4/21
respectively). Therefore PPV can be overrated.

Positive facts were that all studies used conventional reference tests for each condition such

as MR or surgery. Most studies described that reference test result was interpreted without

knowledge of index test result.

Extensive knowledge of anatomy is important to perform the tests correctly; demonstrated
by all described tests for total distal biceps rupture. These tests may show false negative
results in patients with a chronic rupture, because of scar tissue or an intact BA that can
easily be mistaken for the biceps tendon, leading to false negative results. O’Driscoll et al.*!!
endorsed the importance of the recognition of anatomical structures by incorporating

identification of the BA in their performance of the Hook test. The study showed excellent
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sensitivity and specificity identifying a total rupture, though in a much selected population.
In all patients with a negative test, surgery showed a partial rupture. The BA flex test helps
the examiner to identify the anatomy of the bicipital aponeurosis*®. Moreover, the examiner
should be aware that if the BA flex test shows a negative result (with NPV=100%), he can be
fully certain that the BA is intact and may cause a false negative result for all bicep tests.
Thus, performing a combination of tests can be essential to differentiate. A study evaluating
the combination of the BA flex test and a distal biceps test (e.g. hook test) would be a

valuable contribution to our current knowledge.

Initially, we aimed to perform a meta-analysis if more than one study was available on the
same subject. Amongst the included studies, for the hook test and BCI two diagnostic studies
were available for meta-analysis. However, all studies showed a high risk of bias, different
study designs, a small sample size and diverse results with wide confidence intervals crossing
the null hypothesis. Combining the studies would compound the errors and lead to an
inappropriate conclusion®* 88, Therefore we decided to focus on a qualitative analysis.
Furthermore, we designed the study to focus on 7 injuries, mostly sports related. We did not
incorporate neurological problems such as cubital tunnel syndrome and elbow fractures.
That decision was made because we believe that extensive amount of conditions would not

favour the study.

Our study showed that further research is required in order to assist the physician in
diagnosing elbow pathology. The need for further research applies in particular for the
conditions for which we did not find a diagnostic study, e.g. triceps rupture (triceps squeeze
test), posteromedial impingement syndrome (valgus overload test), lateral epicondylitis
(Cozen’s and Mills test) and medial epicondylitis (golfers elbow test). Previous studies and
experiences in our daily practice showed us that using a combination of diagnostic tests
could be favourable in order to obtain the diagnosis. However, based on the included studies
performing elbow CPE, no conclusions for implementation can be drawn yet. Therefore we
recommend a prospective cohort study about diagnostic accuracy of (a combination of)
promising tests, reported following the Standards for Reporting Diagnostic accuracy studies
(STARD) guidelines??. To prevent non-generalizable outcome on diagnostic accuracy, the

population would preferably consist of a large symptomatic population, with about the same

68



number of subjects with and without the condition as confirmed by an adequate reference
test. Descriptions for the execution of the tests provided in the current review can be used

to standardise procedures in future research.

Conclusion

Numerous clinical tests for the elbow are described in literature, seldom accompanied with
data on diagnostic accuracy. The current literature review provides description of 24 tests
for 7 conditions, whereof 14 tests with diagnostic accuracy. Specific diagnostic tests can be
performed for the targeted elbow condition, taking into account the current available
information on diagnostic accuracy and their interpretation. Based on our literature review,
none of the described tests can provide adequate certainty to rule in or rule out a disease,
based on sufficient diagnostic accuracy. Performing a combination of tests can be essential
to differentiate. Moreover, adequate knowledge of the underlying anatomical structures is

important to interpret test results correctly.
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Abstract

Background: Distinguishing a complete from a partial distal biceps tendon rupture is
essential, as a complete rupture may require repair on a short notice to restore function,
whereas partial ruptures can be treated non-surgically in most cases. Reliability of physical
examination is crucial in order to determine the right work-up and treatment in patients
with a distal biceps tendon rupture.

Purpose: The primary aim of this study is to find a (combination of) test(s) that serves best to
diagnose a complete rupture with certainty in the acute phase (< 1 month) without missing

any complete ruptures. The secondary aims are to determine the best (combination of)
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test(s) to identify a chronic (>1 month) rupture of the distal biceps tendon and indicate
additional imaging in case partial ruptures or tendinitis are suspected.

Study Design: Prospective cohort study.

Methods: 86 patients presenting with anterior elbow complaints or suspected distal biceps
injury underwent standardized physical examination, including the Hook test, Passive
Forearm Pronation (PFP) test, Biceps Crease Interval (BCl) and Biceps Crease Ratio (BCR).
Diagnosis was confirmed intra-operatively (68 cases), by magnetic resonance imaging (MRI)
(13 cases) or ultrasound (5 cases).

Results: A combination of the Hook test and BCI (i.e., both tests are positive) is most
accurate for both acute and chronic ruptures, however with a different purpose. For acute
complete ruptures sensitivity was 94% and specificity 100%. In chronic cases, specificity was
also 100%. Weakness on active supination and palpation of the footprint provide excellent
sensitivity of 100% for chronic complete ruptures and partial ruptures respectively.
Conclusion: The combination of a positive Hook test and BCl serves best to accurately
diagnose both acute and complete ruptures of the distal biceps tendon. Weakness on active
supination and pain on palpation of the footprint provide excellent sensitivity for chronic
complete ruptures and partial ruptures. Using these tests in all suspected distal biceps
ruptures allows a physician to omit from imaging for a diagnostic purpose in certain cases, in
order to limit treatment delay and hereby provide better treatment outcome, as well as to

avoid hospital and social costs.

What is known about the subject: To date, several studies have been published on physical
examination tests for complete distal biceps ruptures. These include 5 studies on individual
tests (Biceps Squeeze, Hook test, Supination-Pronation test, Bicipital Aponeurosis flex test,
BCl and BCR) an 1 on a combination of 3 tests (Hook test, PFP test, BCl), with 5 to 48 patients
included. None of the studies on complete ruptures distinguished whether the diagnostic
test was performed on acute (€1 month) or chronic cases. This is essential, since local
pathology and therefore the findings at physical examination differ between these two
situations. In chronic ruptures, scar tissue may be mistaken for an intact distal biceps and
may therefore influence diagnostic accuracy of the physical examination. At the start of our

study, no studies were published on partial ruptures or tendinitis.
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What this study adds to existing knowledge: This study was performed on the largest
prospective sample (86 patients) with suspected distal biceps pathology. We were able to
provide diagnostic accuracy to set the correct diagnosis for both acute and chronic ruptures
using a combination of physical examination tests with a high diagnostic accuracy. Based on
our results we propose a diagnostic algorithm to allow the physician to omit from imaging
for a diagnostic purpose in certain cases, in order to limit treatment delay and hereby

provide better treatment outcome, as well as to avoid hospital and social costs.

Introduction

Distal biceps tendon ruptures are mostly caused by a sudden extension force on the flexed
elbow. Recent literature shows an increasing incidence, while the age of patients with a
distal biceps rupture is decreasing’’. In the acute setting, it is essential to differentiate
between a complete and partial rupture, as complete ruptures may require surgical fixation
on a short notice (within 2 to 4 weeks!® 7% 12°), Non-operative management of a complete
rupture results in a permanent reduction of flexion- and supination strength!®. Delayed
operative treatment of a complete rupture compromises the ability to perform primary
repair, due to retraction of the tendon and peritendinous fibrotic scar tissue. This generally
necessitates extended reconstructive surgery, which is related to a higher number of surgical
complications® 76 86125 Additional imaging such as magnetic resonance imaging (MRI) or
ultrasound is frequently used in case of uncertainty, physical examination is a less invasive,
less costly and less time-consuming option. MRl is considered the gold standard in
diagnosing distal biceps tendon injuries. However, recent research showed that ultrasound is
equally reliable®®. A quick diagnosis and surgery is a less important matter in partial ruptures
and tendinitis, as there is no retraction of the tendon. However, clinical suspicion based on
physical examination in partial ruptures is important, since MRI has a low sensitivity (59.1%)
but a high specificity (100%)*°. Accurate physical examination may serve to differentiate
between complete and partial ruptures and tendinitis of the distal biceps tendon, leading to

optimal treatment decision and indication for additional imaging.

Several retrospective studies have been published on physical examination tests for

complete distal biceps ruptures, using MRI and/or surgery as reference test*% 46,47, 99,111,131,

72



At the start of our study, no studies were published on partial ruptures or tendinitis. None of
the studies on complete ruptures distinguished whether the diagnostic test was performed
on acute (<1 month) or chronic cases. Since local pathology and findings at physical
examination may be different, this differentiation is essential as it involves a different
treatment regimen. For example, in chronic ruptures scar tissue may be mistaken for an
intact distal biceps and influence diagnostic accuracy of the physical examination. In the
acute setting, pain and swelling may also mislead the clinician in his or her assessment of the
integrity of the distal biceps.

Furthermore, the diagnostic accuracy of physical examination tests used in previous
literature is questionable, since all studies are based on a low number of patients and are
retrospective in design, potentially causing spectrum bias. This may result in an
overestimation of diagnostic accuracy by means of the positive predictive value (PPV) and
negative predictive value (NPV)®, Therefore, a prospective study design is preferred to

avoid bias and also include patients that do not suffer from the disease of interest.

Subsequent to these requirements, a prospective study was designed with the primary
purpose to discover a (combination of) test(s) that serves best to diagnose a complete
rupture in the acute phase (< 1 month) without missing any complete ruptures. Our
secondary aims are to determine the best (combination of) test(s) to confirm a chronic (>1
month) rupture of the distal biceps tendon and set the indication for additional imaging in
cases that are potentially considering partial ruptures or tendinitis. Ultimately, this data may

serve a diagnostic algorithm for clinical use.

Methods

Patient selection

A prospective cohort of consecutive patients presenting with anterior elbow complaints or
suspected distal biceps injury were included in our study. Inclusion took place in in the
outpatient clinics and emergency departments of two large teaching hospitals between
January 2017 and July 2020. Patients were excluded in case of penetrating trauma or

fracture, insufficient knowledge of Dutch or English language or significant cognitive
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impairment. Ethical approval was not required as no additional interventions are performed

other than standard care.

Data collection

Physical examination was performed once on every patient by 4 experienced orthopedic
upper limb surgeons. The following data was collected using a standard elbow
guestionnaire: gender, age, hand dominance, affected arm, trauma and duration of
complaints (in months). Physical examination consisted of general elbow examination and
specific examination of the distal biceps, based on literature>®. General examination
included: carrying angle (normal, valgus, varus), flexion-extension and supination-pronation

elbow range of motion.

Index tests

Specific examination consisted of the following items: palpation of the distal biceps footprint
on the radial tuberosity, active supination against resistance, the Hook test for integrity of
the tendon and for pain'!, the Passive Forearm Pronation (PFP) test for integrity and for
pain*’ % and the Biceps Crease Interval (BCl) and Biceps Crease Ratio (BCR)*’. Description of

general examination and specific examination tests are provided in table 1.

Table 1 General examination and physical examination tests

General examination

Carrying angle (normal/valgus/varus)

Range of motion (normal or decreased compared to contralateral side)
Flexion-extension
Supination-pronation

Specific tests

Hook test!1!

Patient position Seated, passive supination forearm, 90° elbow flexion

Examiner position | Index finger on antecubital fossa

Test Hook index finger under intact biceps tendon from lateral side
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Assessment No cord-like structure to hook a finger indicates total distal biceps
rupture, painful test indicates partial rupture

Passive forearm pronation test*% ¢

Patient position Seated, 90° elbow flexion

Examiner position  Hand on biceps muscle belly, fixate wrist

Test Palpate biceps muscle belly while pro-/supinating forearm passively

Assessment No proximal excursion of biceps muscle belly in supination and distal
migration in pronation indicates total distal biceps rupture, painful
test indicates partial rupture

Biceps crease interval (BCI)*

Patient position Seated, 90° elbow flexion

Examiner position | Fixate wrist, index finger on antecubital fossa

Test Passively extend the elbow, supinate forearm. Mark flexion crease in
antecubital fossa. Mark start of the biceps curve. Measure distance
between marks

Assessment Absolute BCl value >6cm indicates complete distal biceps rupture

Biceps crease ratio (BCR)*’

Patient position Seated, 90° elbow flexion

Examiner position | Fixate wrist, index finger on antecubital fossa

Test Repeat steps of BCl test on contralateral arm, calculate ratio
between BCl’s in both arms

Assessment BCR >1.2 indicates complete distal biceps rupture

Reference test

Based on recommendations in literature, either MRI (Ingenia—3T; Phillips Healthcare),
ultrasound (GE Logiq E9, GE Healthcare with a multi-frequency linear transducer) and/or
confirmative surgery was performed on each patient*°3 134 Surgery was only performed in
cases where the patient and surgeon consented on this treatment and not for diagnostic
purposes only. Intra-operative findings are considered most accurate and overrule a
diagnosis established by imaging. Additional imaging was performed and/or assessed by

experienced musculoskeletal radiologists. The examining orthopedic surgeon was blinded for

75



the radiology report and images in case diagnostic imaging was performed before patients’
visit to the outpatient clinic. Intra-operative assessment was performed by the
aforementioned 4 experienced orthopedic surgeons, who were not blinded for physical
examination and/or additional imaging results. A complete rupture was defined as complete
loss of distal biceps tendon fibers attached to the radial tuberosity. In case a significant part
of the tendon fibers remained intact that prevented retraction, the rupture was classified as
partial. Cases with a complete rupture of the distal biceps tendon but an intact lacertus
fibrosis were also classified as complete distal biceps tendon ruptures. Tendinitis was

defined as inflammation around the tendon or bicipitoradial bursa.

Statistical analysis

Data-analysis was performed using Statistical Package for the Social Sciences 26 (IBM
Corporation, Armonk, NY, USA). Physical examination tests were analyzed separately and in
combination to determine the diagnostic accuracy for the 3 targeted diseases: complete
distal biceps tendon rupture, partial distal biceps tendon rupture and tendinitis of the distal
biceps tendon. Both acute (<1month), chronic (>1 month) and total group were assessed.
Sensitivity, specificity, positive predictive value (PPV), negative predictive value (NPV) and
likelihood ratios (LR) were calculated using 2x2 tables with accompanying 95% confidence
intervals (Cl). A positive likelihood ratio (LR+, i.e. post-test probability of disease presence)
>10 and a negative likelihood ratio (LR-, i.e. post-test probability of disease absence) <0.1

were defined as large®?.

Results

Eighty-six consecutive patients met the inclusion criteria and had a complete work-up.
Nearly half of the patients (n =42, 49% of the total group) had a complete distal biceps
rupture, 29 patients (34%) a partial rupture, 10 (12%) tendinitis and 5 (6%) another

diagnosis.

Demographics
Majority of the patients were male (n = 78, 91%). Age varied from 24 to 74 y/o, with a mean
of 49.3 y/o (95% Cl 47.3-51.3). Hand dominance was in line with the general population, 86%
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of the patients were right-dominant. In 65% of the cases the dominant side was affected.
The median duration of complaints in the total sample was 6.0 months (range 0-84 months),
with 23 patients (27%) presenting within the first month. Amongst patients with a complete
rupture, 21 (50%) presented within the first month, the other half had chronic complaints.
Additional imaging was performed in 68 patients (79%). Of these, 42 had an MRI, 20 an
ultrasound and in 6 patients both MRI and ultrasound were performed. The remaining 18
patients (21%) underwent surgery without additional diagnostic imaging. In 68 patients
(79%) the final diagnosis was confirmed by surgery, 13 (15%) diagnoses were based on MRI
findings and in 5 patients (6%) diagnosis was only confirmed using ultrasound, all suspected

and confirmed either partial rupture or tendinitis.

Physical examination tests

Pain on palpation of the footprint on the radial tuberosity and weakness with active
supination (in 90 degrees of flexion) are sensitive (91% and 95%, respectively) for complete
distal biceps ruptures, weakness with active supination being 100% sensitive in chronic
complete ruptures. However, specificity (11% and 21%, respectively), predictive values and
likelihood ratios are low.

The Hook test has moderate sensitivity (71%), however in acute injuries (<1 month)
sensitivity is higher (86%). This test is able to correctly reject patients without a complete
rupture, with a specificity of 95% overall and 100% in acute cases.

The BCl and BCR showed the same result in all cases. Sensitivity is 81% overall, rising to 86%
in acute cases. Specificity was higher in chronic cases (93%) compared to acute injury (50%).
The PFP test demonstrates weaker diagnostic accuracy compared to the Hook test and
BCI/BCR. It is less accurate in the acute setting compared to chronic ruptures with a
sensitivity of 74% overall, 67% in acute cases and 81% in chronic cases. Specificity is 77%,

50% and 79% for overall, acute and chronic cases respectively.

Combining the Hook test and BCI (i.e., both tests are positive vs. none positive) sensitivity is
94% in acute cases, with a specificity and PPV of 100%. For chronic ruptures this combination
is less sensitive (71%), however a specificity and PPV of 100% was observed. Adding the PFP
test provides a higher sensitivity in the chronic setting: if 2 out of 3 tests are positive (vs.
none positive), sensitivity is 80%, specificity 97% and PPV 94%. However, in order to select a
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patient with a chronic distal biceps tendon rupture for reconstruction surgery, a specificity of

100% is desired and therefore the combination of the Hook test and BCl is most useful.

Palpation of the footprint on the radial tuberosity and weakness with active supination both
have high sensitivity (100% and 93%, respectively) for partial distal biceps rupture. However,
specificity (16% and 10%, respectively), predictive values and likelihood ratios are low.

A painful Hook test and PFP test show moderate sensitivity for identifying a partial rupture
(76 and 72%, respectively), with low specificity, PPV/NPV and likelihood ratios. Combining
these tests leads to higher sensitivity (up to 85%), however none reached the sensitivity of
solely palpation of the footprint. In patients with distal biceps tendinitis, the values were low

for all tests.

Diagnostic accuracy of individual tests and combinations are summarized in table 2.

Table 2 — Diagnostic accuracy of physical examination tests (individually and combined)
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Discussion

This study on the largest prospective series up to date in 86 patients demonstrates that a
combination of a positive Hook test and BCl is most accurate for both acute and chronic
ruptures. For acute ruptures a test with well-balanced sensitivity and specificity is essential,
in order to rule out anything but a complete rupture with certainty (specificity 100%)
without missing any (sensitivity 94%). For chronic ruptures, it is important to rule out
anything but a complete rupture with certainty in order to decide on operative treatment
(specificity 100%). Weakness on active supination and palpation of the footprint provide
excellent sensitivity (100%) for chronic complete ruptures and partial ruptures respectively.
For tendinitis none of the tests provided sufficient diagnostic accuracy to rule in or rule out
disease. Using Hook test and BCI combined in all suspected distal biceps ruptures allows
physicians to omit from imaging for the purpose of diagnosing in certain cases, in order to
limit treatment delay and hereby provide better treatment outcome, as well as avoid
hospital and social costs. Based on our findings, we propose a diagnostic algorithm in figure

1.

Suspected distal biceps pathology

e

Acute Chronic ]

(1 month since onset) (>1 month since onset)

!

Hook test & BCI
Sensitivity 94%
Specificity 100%

!

Hook test & BCI
Sensitivity 71%
Specificity 100%

'_J

Lv

'_J

;'

Both positive

One positive or
both negative

Both positive

One positive or
both negative

!

!

.

.

Complete distal
biceps rupture

Imaging

Figure 1: Proposed diagnostic algorithm for suspected distal biceps injuries
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In previous work we assessed the methodologic quality of all studies on distal biceps
pathology published until 2016, identifying bias and applicability concerns?>®. These concerns
are mainly caused by patient selection: half of the studies were case-control design#’,9% 111
and all studies had a high prevalence of disease (73 to 100%) with a low number of patients
(5 to 48). Recently a study investigated the sensitivity of the Hook test in a larger sample
(202 cases) with a lower prevalence of complete ruptures. However a retrospective design
was used, potentially introducing selection bias®?. Also, most studies focused on individual
tests for (acute) complete distal biceps tendon ruptures rather than a combination of tests
or other entities such as partial ruptures, chronic ruptures or tendinitis.

The Hook test, PFP test, BCI/BCR, Biceps Squeeze test and Supination-pronation test were
investigated for individual use and showed a sensitivity ranging from 81-100% and specificity
from 50-100%47 9299, 111,131 Qne study tested a combination of tests: the Hook test, PFP and
BCl combined reached a sensitivity of 100%, specificity of 50%*!. In comparison to our
results, previous literature on individual tests for complete distal biceps ruptures showed
similar diagnostic accuracy. For the combination of tests, the sensitivity in the combinations
we investigated was slightly lower: 94% and 80% for acute and chronic ruptures respectively
in our study, compared to 100% overall in the study by Devereaux et al*. For specificity
however, our sample reached 100% and 97% for acute and chronic ruptures respectively,
compared to 50% by Deveraux et al. However, a direct comparison cannot be made since
none of the previous studies differentiated diagnostic accuracy of tests between acute and
chronic ruptures.

In all studies, either MRI and/or intra-operative findings were used as reference test. MRl is
the gold standard to diagnose a complete distal biceps tendon rupture, however recent
research showed that ultrasound is equally reliable®°. The sensitivity and specificity of an
MRI for complete tears are 100% and 82.8%, respectively*. Recent literature reported no
significant differences in sensitivity and specificity in detecting partial distal biceps injuries
when FABS view MRI and standard MRI were compared!34. Ultrasound was found equally
accurate in cases of complete and high-grade partial distal biceps tendon ruptures®°. For
partial tears, the overall accuracy rate of MRI (66.7%) was the same as ultrasound, however

MRI has a low sensitivity (59.1%) but a high specificity (100%)% 3.
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The main strengths of our study are provided by the fact that it is the largest prospectively
collected sample of patients with distal biceps pathology, consisting of both patients with
acute and chronic complete and partial ruptures, as well as tendinitis and other anterior
elbow complaints. Using a combination of tests provided even more reliable results, with the
ability to more accurately discern between acute and chronic complete ruptures. Therefore,

we believe that our results are applicable and valuable for clinical practice.

The distal biceps tendon rupture is an increasingly popular topic for research. During the
inclusion period of our study two novel tests for partial ruptures and tendinitis were
published. Shim et al presented a novel clinical test for partial tears of the distal biceps
tendon, the TILT sign!*!. This test however does not add to our study since it is performed
exactly the same way as we performed palpation of the radial tuberosity. Caekebeke et al
introduced the biceps provocation test (BPT) for partial ruptures and tendinitis, with a
sensitivity and specificity of both 100%. This test includes 2 parts: first resisted flexion of the
elbow with the forearm supinated and secondly with the forearm pronated?®. The
generalizability of this test is questionable since the authors performed the test only on
patients with a partial rupture (and healthy participants) and not on patients with a
complete rupture. In order to use this test to differentiate between complete and partial
ruptures, further research is needed.

Furthermore, we did not include the Supination Pronation test, because the only difference
between this test and the PFP test is the active motion of the patient (without testing the
strength) versus passive motion®. Both tests were designed to test the integrity of the
tendon and accompanying muscle belly, so in our experience active motion has limited
added value. However, we incorporated testing the supination strength against resistance to
test active motion and strength.

Another limitation is the fact that we did not perform inter- or intra-rater reliability.
ElMaraghy

et al. investigated the inter-rater reliability for the BCl test observing an intraclass correlation
coefficient (ICC) of 0.79%. For all other tests no inter- or intra-rater reliability was available

in literature, leaving this subject for further research.
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Conclusion

The combination of a positive Hook test and BCl is highly sensitive (94%) and specific (100%)
to diagnose acute, complete ruptures of the distal biceps tendon. A similar high specificity
(100%) was found for identifying chronic rupture of the distal biceps, when the combination
of these tests was performed. Weakness on active supination and pain on palpation of the
footprint provide excellent sensitivity (100%) for chronic complete ruptures and partial
ruptures, however physical examination tests are not accurate enough to confirm either
partial rupture nor tendinitis, leaving an indication for additional diagnostic imaging in these

cases.
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Clinical diagnosis of lateral sided elbow pain: predictors to

recognize a diagnosis other than a tennis elbow
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Abstract

Background. Lateral-sided elbow pain is most frequently diagnosed as lateral epicondylitis. It
is diagnosed based on symptoms and physical examination only, eliminating the need for
diagnostic imaging in the initial workup. However, up to 25% of patients with lateral elbow
pain are misdiagnosed as lateral epicondylitis. Various conditions produce similar symptoms
to lateral epicondylitis and should be recognized to provide a correct and timely diagnosis
and treatment. Our study aims to identify items in patient characteristics, history and
physical examination that predict a diagnosis other than lateral epicondylitis in adults with
lateral elbow pain.

Methods. A prospective cohort of 170 patients presenting to our outpatient orthopedic

clinics with lateral-sided elbow complaints was included. All patients underwent a
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standardized diagnostic protocol. Bivariable analysis and multivariable binary logistic
regression with a stepwise backward selection procedure were used to identify variables
associated with a diagnosis other than lateral epicondylitis.

Results. Almost half of the patients (46.5%) were diagnosed with a diagnosis other than
lateral epicondylitis. Age <30 (p<0.001), acute onset (p = 0.045), locking (p<0.001), hydrops
(p<0.001), any positive instability test (p = 0.013) and a negative Maudsley test (p<0.001)
were found independent factors to predict a diagnosis other than lateral epicondylitis.
Conclusion. Independent predictors were identified for use in the clinical diagnosis of lateral-
sided elbow pain, aiming to help physicians recognize a diagnosis other than lateral

epicondylitis.

Introduction

Lateral-sided elbow pain is most frequently diagnosed as lateral epicondylitis, also known as
tennis elbow. Lateral epicondylitis is diagnosed based on symptoms and physical
examination only, eliminating the need for diagnostic imaging in the initial workup.
However, everal other causes of lateral elbow pain should be recognized, especially when
symptoms persist®2. Up to 25% of patients with lateral elbow pain are misdiagnosed as
lateral epicondylitis3C. A variety of conditions produce similar symptoms to lateral
epicondylitis, including radial tunnel syndrome (also known as posterior interosseus nerve
syndrome or supinator syndrome), synovial fringe (radio-capitellar or posterolateral synovial
plica), posterolateral rotatory instability (PLRI), osteochondritis dissecans (OCD), Panner’s
disease, degenerative or inflammatory arthropathy, occult fractures or pathology in
surrounding joints such as cervical radiculopathy. Intra-articular pathology has been
reported in up to 86% during arthroscopic surgery for refractory lateral epicondylitis cases’.
Lateral ligament instability has also been reported as a coexisting factor in 46-64% of cases
with refractory lateral epicondylitis®. A conventional radiograph is usually used to exclude
other pathology at an outpatient visit. However these do not seem to be of added value in
patients without joint crepitus, instability, deformity, loss of motion or a prior history of

elbow fracture, dislocation, surgery, or arthritis'?°,
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To date, no studies report on the diagnostic accuracy of history items for diagnoses causing
lateral-sided elbow pain. A few studies were published on physical examination tests,
including one study on lateral epicondylitis using the grip strength dynamometer*? and two
small studies (eight patients each) on four different tests for PLRI® 12, No studies to date
describe the diagnostic accuracy of physical examination tests for radial tunnel syndrome,

synovial fringe, OCD, Panner’s disease, or degenerative or inflammatory arthropathy.

A systematic approach to diagnosing a patient with lateral elbow pain is desired to recognize
causes other than lateral epicondylitis. Therefore, our study aims to identify patient
characteristics, history and physical examination items that predict a diagnosis other than

lateral epicondylitis in adults with lateral elbow pain.

Methods

Patient selection

A prospective cohort of patients presenting to our outpatient orthopedic clinics with lateral
sided elbow complaints was included in our study. Inclusion occurred in three large teaching
hospitals between January 2017 and July 2022. Follow-up to identify the definitive diagnosis
was carried out until April 2024. Patients were excluded in case of penetrating trauma or
fracture, insufficient knowledge of Dutch or English language or significant cognitive
impairment. The local ethical committee waived ethical approval; patients were not required
to provide informed consent because no additional actions were performed besides

standard care.

Data collection

Patients underwent a standardized diagnostic protocol performed by three experienced
upper extremity orthopedic surgeons (BT, DE, MB). Patient characteristics, history items and
physical examination test are listed in table 1. Execution of these tests is either easily

comprehensible or based on detailed descriptions in previous literature®>°.

TABLE 1: Protocol including patient characteristics, history items and physical examination

tests
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Patient characteristics and history Physical examination tests
items
Gender Alignment
Age (years) Motion restriction
Duration of complaints (months) Joint effusion
Dominant hand affected Grip & grind test passive/active in 90°
Manual labor Any instability test (Varus stress test, Stand-up
Hand/arm related sports test, Table top relocation test, Drawer test,
Onset: acute/gradual Pivot shift test)
Locking Palpitation capitellum (pain)
Crepitations Palpation lateral epicondyle (pain)
Neurologic symptoms Mills test

Maudsley test

Cozen test

Reference test

Patients were diagnosed with lateral epicondylitis based on additional imaging. When not
available, according to the protocol proposed by Dorf et al*3. Patients were required to have
tenderness over the ECRB or the common extensor origin and at least 2 of the three
following criteria:

(1) pain with resisted wrist extension (Cozen’s test),

(2) pain with resisted middle finger extension (Maudsley’s test),

(3) pain with the elbow extended and the wrist flexed and pronated (Mills test).

In addition, every patient had a conventional X-ray (AP and lateral) of the elbow. The
orthopedic surgeon initiated the discission to perform additional imaging and/or a surgical
procedure, based on the probable diagnosis and/or differential diagnosis. For soft-tissue
conditions, ultrasound or magnetic resonance imaging (MRI) with or without arthrography
was performed, and bony conditions were confirmed using computed tomography (CT). In
cases where surgery was performed, per-operative findings overruled a diagnosis based on

imaging. The intra-operative assessment was performed by the aforementioned three
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experienced upper extremity orthopedic surgeons, who were not blinded for physical

examination and/or additional imaging results.

Statistical analysis

Data-analysis was performed using Microsoft Excel 2010 (Microsoft Corp. Washington, USA)
and Statistical Package for the Social Sciences 29 (IBM Corporation, Armonk, NY, USA).
Descriptive statistics were calculated: median and range for non-normally distributed
continuous variables, means and standard deviations for normally distributed continuous
variables, and frequencies and percentages for categorical variables.

Bivariable analysis was performed to assess if any variables within patient characteristics,
history items and physical examination were associated with the definitive diagnosis other
than lateral epicondylitis. A x 2 test was used for categorical variables, and items with five or
fewer items were removed.

Subsequently, variables with a P-value <0.1 entered a multivariable binary logistic regression
with a stepwise backward selection procedure. At each step, the variable with the largest P-
value was eliminated. This process was repeated until all variables in the equation reached a
P-value <0.05. Multivariable binary logistic regression was limited to 10 events per variable.
Sensitivity, specificity, Positive Predictive Value (PPV) and Negative Predictive Value (NPV)

were calculated for tests targeting the diagnosis of lateral epicondylitis.

Results

One hundred seventy patients with lateral elbow pain were included. Ninety-one patients
were male (53.5%). Age ranged from 9 to 79 with a median of 45 y/o. The median of the
duration of complaints was 12 months (range 1-240). The dominant side was affected in
62.4% (n = 106). Hand-related sports were performed in 41.8% (n = 71) of patients, and hand
labour or desk work in 75.9% (n = 129). Most patients received treatment before they visited
the orthopedic clinic: 101 patients (59.4%) were treated by a physiotherapist, and 35
patients (20.5%) received one or more corticosteroid injections.

Ninety-seven patients (57.1%) underwent additional imaging and/or surgical treatment; the
remaining 73 patients were diagnosed using the physical examination protocol described in

the methods section. The final diagnoses are listed in Table 2.
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TABLE 2: Final diagnosis

Diagnosis N % of total

Lateral epicondylitis 91 |53.5

Other diagnosis 79 | 46.5
OoCb 36 |21.2
LCL injury 18 | 10.6
Arthrosis 9 53

Supinator syndrome | 7 4.1

Synovial fringe 4 2.4
Other 5 2.9
Total 137 | 100

Bivariable analysis of patient characteristics, history- and physical examination items
demonstrated that age <30, duration <12 months, hand/arm related work, hand/arm related
sports, acute onset, locking, crepitus, malalignment, hydrops, F/E motion restriction, positive
passive G&G test, positive results on any of the instability tests, pain on palpitation
capitellum, absence of pain on palpitation epicondyle, negative Mills, Maudsley, and Cozen
test were associated with a diagnosis other than lateral epicondylitis (table 3).

Multivariable analyses subsequently identified age <30, acute onset, locking, hydrops,
positive results on any instability test, and a negative Maudsley test as independent

predictors (table 4).

TABLE 3: Bivariable analysis of patient characteristics, history items and physical

examination.

Variable LE Other P-value

Patient characteristics and history items

Sex 0.146
Male 47 |32

Female 44 | 47

Age <0.001*
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<30 4 50

>30 87 |29

Duration <0.001*
<12 months 66 |38

>12 months 25 |41

Affected side 0.935
Dominant 57 |49

Non-dominant 34 |30

Work 0.069
Hand/arm related 64 | 65

Not hand/arm related 27 |14

Sport/hobby 0.029*
Hand/arm related 31 |40

Not hand/arm related 39 |60

Onset 0.003*
Acute 18 |32

Gradual 73 |47

Locking <0.001*
Yes 0 48

No 91 |31

Crepitus <0.001*
Yes 2 16

No 89 |63

Neurology 0.109
Yes 16 | 22

No 75 |57

Physical examination

Alignment <0.001*
Varus or valgus malalignment 1 16

Normal alignment 90 |63

Hydrops <0.001*
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Yes 0 32

No 91 |47

F/E motion <0.001*
Restricted 5 45

Normal (compared to contra-lateral) 86 |34

G&G passive <0.001*
Positive 4 22

Negative 70 |35

G&G active 0.475
Positive 41 | 28

Negative 33 |29

Any instability test <0.001*
Increased laxity 0 21

Stable 89 |57

Pain on palpitation capitellum <0.001*
Positive 12 | 44

Negative 77 |34

Pain with palpitation lateral epicondyle <0.001*
Positive 84 |20

Negative 7 59

Mill’s test <0.001*
Positive 64 |12

Negative 27 | 67

Maudsley test <0.001*
Positive 82 |12

Negative 9 67

Cozen test <0.001*
Positive 78 |15

Negative 13 | 64

* x2 test was significant at P < 0.05
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TABLE 4: Multivariable Logistic Regression Analysis of patient characteristics, history- and

physical examination items.

Variable Odds ratio for other diagnosis (95% ClI) | P-value
Age <30 37.5(12.5-112.9) <0.001
Acute onset 2.8 (1.4-5.5) 0.045
Locking 3.9 (2.9-5.3) <0.001
Hydrops 2.9 (2.3-3.7) <0.001
Instability tests 2.6 (2.1-3.1) 0.013
Negative Maudsley test 50.9 (20.2-128.0) <0.001
Discussion

This study presented factors in patient characteristics, history and physical examination that
predict a diagnosis other than lateral epicondylitis in adults with lateral elbow pain. Our
prospective cohort of 170 patients all underwent a standardized diagnostic protocol, 46.5%
of the patients were diagnosed with a diagnosis other than lateral epicondylitis. Age <30
(p<0.001), acute onset (p = 0.045), locking (p<0.001), hydrops (p<0.001), any positive
instability test (p = 0.013) and a negative Maudsley test (p<0.001) were found independent
predictors for a diagnosis other than lateral epicondylitis. These findings can help physicians

to recognize a diagnosis other than lateral epicondylitis.

In previous literature, no studies were found to identify patient characteristics, history, or
physical examinations that predicted a diagnosis other than lateral epicondylitis.
Furthermore, we did not find any studies on the diagnostic accuracy of patient
characteristics or history items. A few studies were published on physical examination tests
for lateral-sided elbow pain. The fact that the diagnosis of lateral epicondylitis is based on
clinical findings makes it challenging to draw conclusions on the diagnostic accuracy of
physical examination tests, since there is no explicit reference standard. The only test for
lateral epicondylitis investigated was the grip strength test*. For this test, the patient is
asked to squeeze a dynamometer as firmly as possible in 90° elbow flexion and full
extension. Assessment is based on a 5%, 8% or 10% decrease in grip strength between

flexion and extension. Sensitivity is 83-80-78% with a 5-8-10% decrease in strength
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respectively, and the specificity is 80-85-90%. The reference test used in this study is based
on clinical symptoms, including tenderness over the ECRB, Mills’ test, Maudsley’s test and
Cozen’s test. Furthermore, two small studies (eight patients each) described tests for PLRI.
The table-top relocation test®, stand-up/chair push-up test!?® and push-up test'?® show a
sensitivity from 88 to 100%; specificity was not available since no patients were included
that did not suffer from PLRI. The pivot shift test is performed on a fully supinated and
extended elbow, followed by valgus stress and axial compression while flexing the elbow. It
is positive when the radial head dislocates around 40° flexion. The test shows sensitivity of
only 38% in the awake patient but 100% sensitivity when performed under anesthesia®?®.
There are no studies to date describing the diagnostic accuracy of physical examination tests
for radial tunnel syndrome, synovial fringe, OCD, Panner’s disease, or degenerative or

inflammatory arthropathy.

Comparing our results with previous studies is not eligible since the study aims and outcome
measures differ. The main strength of our study is the design: we have chosen not only to
focus on the diagnostic value of individual physical examination tests of one disease but to
combine these with demographic and history items to use all the information the patient
provides you with. Furthermore, we generated a relatively large sample of patients
presenting with different causes of lateral elbow pain that may mimic lateral

epicondylitis. Therefore, we believe that our findings are applicable and valuable for clinical

practice.

There are some limitations in our study. Firstly, it was hard to define a reference standard
since lateral epicondylitis is a clinical diagnosis, and currently, no better alternative is
proposed in the literature. However, it is widely adopted in many high-quality randomized
clinical trials and has been adopted in studies of outcome measures. To generate the most
reliable results possible, we used a formerly described protocol to diagnose lateral
epicondylitis**, and when available additional imaging (initiated by the treating orthopedic
surgeon based on the probable diagnosis and/or differential diagnosis) or per-operative
findings.

Secondly, the physical examination in our study was performed by experienced upper

extremity orthopedic surgeons and may be less accurate when performed by a less
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experienced person (e.g., a resident or general practitioner). However, the predicting factors
mostly consist of demographics and history items and Maudsley’s test, which is easy to

perform.

The results presented in our study are the first step in developing a model based on factors
in patient characteristics, history and physical examination that predict a diagnosis other
than lateral epicondylitis in adults with lateral elbow pain. Further research should focus on

validating the predictors.

Conclusion

Age <30, acute onset, locking, hydrops, any positive instability test and a negative Maudsley
test were found to be independent predictors for use in the clinical diagnosis of lateral-sided

elbow pain, aiming to help physicians recognize a diagnosis other than lateral epicondylitis.
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Abstract

Introduction: Medical students and residents rely increasingly on web-based education.
Online videos provide unigue opportunities to share knowledge. The objective of this study
was to investigate the accuracy and quality of instructional videos on the physical
examination of the elbow and identify factors influencing educational usefulness.

Methods: A search on YouTube, VuMedi, Orthobullets, and G9MD was performed. Videos
were rated for accuracy and quality by two independent authors using a modified version of
a validated scoring system for the nervous and cardiopulmonary system. Inter-rater
reliability was analysed.

Results: Twenty-three out of 126 videos were indicated as useful for educational purposes.
Accuracy, quality and overall scores were significantly higher for videos from specialized

platforms (VuMedi, Orthobullets, G6MD) compared to YouTube. Video accuracy and quality
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varied widely and were not correlated. Number of days online, views, and likes showed no or
weak correlation with accuracy and quality. For the overall score, our assessment tool
showed excellent inter-rater reliability.

Conclusion: There is considerable variation in accuracy and quality of currently available
online videos on the physical examination of the elbow. We identified 23 educationally
useful videos and provided an assessment method for the quality of educational videos. In
educational settings, this method may help students to assess video reliability and aid

educators in the development of high-quality instructional online content.

Introduction

Driven by increasing emphasis on problem-based and self-directed learning, medical
students and doctors in orthopaedic specialty training rely increasingly on the internet
(Google, YouTube) as learning resource 237> 8 Ag students’ or residents’ performance on
physical examination may be less supervised in comparison to other clinical skills, such as
surgical competence, online videos may provide a valuable source for education of physical
examination skills. Cognitive psychological research has shown that videos can help viewers
to understand techniques and manage the sequential steps of physical examination and
approach of patients & 305196, 145,149 'ygyTube is the largest open-access video sharing
platform available with over four billion videos watched every day. YouTube offers a wide
variety of user-generated and corporate media videos, including video clips, TV

show clips, music videos, short and documentary films, audio recordings, movie trailers, live
streams, and other content such as video blogging, short original videos, and educational
videos. In this latter category, YouTube provides access to educational videos on a wide
variety of orthopaedics-related topics. Compared to YouTube, VuMedi, GOMD, and
Orthobullets are online platforms with video content that is more directly focused on
orthopaedic topics, requiring user-registration to obtain access.

The accuracy and quality of educational videos for health care providers have been
studied for physical examination of the shoulder?® 1>, the nervous system?3, cardiovascular
and respiratory systems!* and direct ophthalmoscopy?!. Overall, quality and accuracy
showed a wide variety among videos, not related to the amount of views or likes. The same

conclusion was reached by studies focusing on educational videos for medical and nursing
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students about subjects such as anatomy, electrocardiography, and pharmacokinetics %1% 1%
26,29,123,139 Thjs variability in quality and accuracy makes it challenging for students and
residents to identify educationally valuable videos for self-learning. A guideline on
instruction videos for laparoscopic cholecystectomy was published in 2018, including a list
with 45 statements3!. Unfortunately, most of the statements in this list are not applicable for
videos on physical examination skills. Currently, there are no studies on the accuracy and
quality of educational videos on physical examination of the elbow.

In this study, the accuracy and quality of videos on general and specific physical
examination of the elbow available through YouTube, VuMedi, Orthobullets, and GO9MD
were assessed using a standardized scoring system. We hypothesized considerable variability
in quality and accuracy of the physical examination of the elbow in currently available online
videos, with higher quality and accuracy of videos available through specialized platforms
(VuMedi, Orthobullets, and G9MD) compared to YouTube, and high inter-rater reliability of

quality and accuracy assessment of online videos using the modified scoring system.

Materials and methods

Search

A YouTube search was performed on October 7, 2018 using key words aiming at general
physical examination, namely “elbow exam” and “OSCE” (objective structured clinical
examination), and key words aiming at specific tests [Table 1]. YouTube
(https://www.youtube.com/) search settings were standard (sorted by relevance) and
filtered for individual videos. In addition, all available videos in VuMedi
(https://www.vumedi.com/), Orthobullets (https://www.orthobullets.com/) and GO9MD

(https://g9md.tv/) in the elbow and upper extremity sections were reviewed.

Table 1 — Search terms and hits

Search term Hits
“Elbow exam” 101000
“Elbow OSCE” 45920
“Hook test biceps” 1690
“Biceps squeeze test” 2050
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“Biceps crease interval test” 87
“Biceps crease ratio test” 7
“Triceps squeeze test rupture” 3560
“Valgus extension overload test” 57
“Posteromedial impingement test elbow” 265
“Arm bar test posteromedial impingement” 15
“Medial epicondylitis test” 355
“Valgus stress test elbow” 2790
“Moving valgus stress test elbow” 632
“Milking Maneuver test elbow” 70
“Mill’s test elbow” 5630
“Maudsley’s test elbow” 309
“Cozen’s test elbow” 1870
“Grip and grind test elbow” 728
“Stand up test elbow” 10600
“Chair push-up test elbow” 3220
“Table-top relocation test elbow” 100
“Drawer sign elbow” 1630
“Lateral pivot shift test elbow” 1200
“Elbow exam” section on VuMedi 5
“Elbow anatomy and evaluation” section on Orthobullets 4
“Elbow” search on G6MD 8
Total 183802

Selection of videos

The first two-hundred videos on general physical examination and first fifty videos on
specific elbow tests (sorted by relevance) on YouTube were included for initial screening.
Because of the practically infinite output of the YouTube search engine, the authors decided
on this arbitrary cut-off. All videos on overall and specific elbow examination on VuMedi,
Orthobullets and G9MD were assessed. Videos had to be in English and in the format of an

instructional video, i.e., videos in the form of a lecture (without moving video content),

98



seminar, review, advertisement, and news or videos discussing history taking or symptoms
were excluded. All videos were screened based on title and description on October 13, 2018.

Videos were assessed and included in the study between October 13 and 31, 2018.

Data collection

For videos that met the inclusion criteria the following information was reported: title,
duration of the video, URL, subject covered, days on YouTube, total number of views,
amount of likes and dislikes, and the name, profession and type of uploader/creating
organization. The uploader type was categorized as follows: university/school, hospital,
informative website, private, business/company, other or unknown. For the profession of
the uploader the following categories were used: doctor (e.g., orthopaedic surgeon, sports
physician, general practitioner or rheumatologist), physiotherapist, student, other or

unknown.

Accuracy and quality assessment

Assessment of the accuracy and quality of the included videos was performed by two
independent raters (ELZ and RJM) using a modified scoring tool based on previous studies in
this field with excellent inter-rater reliability 1% 31431 The scoring system is presented in
[figure 1]. Our modification aimed to increase focus on video accuracy instead of quality,
including assessment of presentation of information on diagnostic accuracy. To rate the
accuracy of the videos, a description of each test was provided to the raters as it was
originally described in the literature®®. A total of 18 points could be obtained: eight for the
accuracy assessment and ten for the quality assessment. Half points were not allowed. Both
categories contained major (two points each) and minor (one point each) criteria. Videos
that scored the maximum amount of points amongst the major criteria by both observers
were defined as educational useful videos. To test the reliability of the modified scoring
system, we performed reliability analysis for intra- and inter-rater reliability on the first 20

videos before proceeding with the full sample.

Figure 1 — Scoring system
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Accuracy assessment (total 8 points)
o Major criteria (2 points each):
1. Arm position
2. Examiner action
3. Interpretation
o Minor criteria (1 point each):
1. Verbal description
2. Information on diagnostic accuracy
Quality assessment (total 10 points)
o Major criteria (2 points each):
1. The video uses (simulated) patients to demonstrate the examination
2. Images are clear
3. Sounds are clear
4. Creator/organisation providing the video are mentioned
o Minor criteria (1 point each):
1. The video covers the topic identified in the title

2. Designed at a level of undergraduate medical students

Statistical analysis

Data analysis was performed using Statistical Package for the Social Sciences 23 (IBM
Corporation, Armonk, NY, USA). P-values <0.05 were considered statistically significant.
Descriptive statistics and paired T-tests were used to examine demographics, accuracy, and
quality of videos. 95% Confidence intervals (Cl) were calculated using the group standard
deviation in the total group and educationally non-useful videos. Due to the smaller sample
size (<30), we used the total populations’ standard deviation to calculate 95% Cl for the
educationally useful videos. Correlation between the accuracy and quality assessment was
determined using Spearman’s rho correlation coefficient. A correlation coefficient between
1.00 and 0.90 was considered very high, 0.90-0.70 high, 0.50-0.70 moderate, 0.50-0.30 low
and 0.30-0.00 negligible, both in positive and negative direction'%’. Pearson’s correlation
coefficient was used to assess the correlation between the numbers of days on YouTube,
views, likes and dislikes using the same cut-off values for interpretation. Independent T-tests
and contingency tables were used to evaluate the influence of uploader type and profession

on scores and educational usefulness.
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To evaluate the reliability of the scoring system, we calculated the intra-rater
reliability of rater one (EZ) and the inter-rater reliability for rater one and two (EZ and RM)
using the intra-class correlation coefficient (ICC) with a two-way random effects model for
the first 20 videos. Inter-rater reliability was considered excellent for ICC values between
1.00 and 0.75, good for values between 0.74 and 0.60, fair for values between 0.59 and 0.40,
and poor for values less than 0.403*. It was not possible to calculate internal consistence
using Cronbach’s Alpha, due to the different scales for minor and major criteria and the
small range (0-2 points and 0-1 points, respectively).

Finally, we calculated the inter-rater reliability of the scoring system for the complete
dataset. Mean differences (MD) and the ICC with 95% Cl were calculated using a two-way

random effects model.

Results

Search

Our search resulted in 183,802 initial hits. One-thousand six-hundred and fifty video titles on
YouTube were screened and 17 video titles were screened on VuMedi, Orthobullets, and
GIMD. Of all screened videos, 7.4% (122/1,650) of the YouTube videos and 24% (4/17) of
the videos from VuMedi, Orthobullets, and GOMD were eligible, resulting in a total of 126
videos (122/126 from YouTube, 96.8%) included in our study [figure 2].

Figure 2 — Flow chart of video selection
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Hits on YouTube (n=183785)
Hits on VuMedi, Orthobullets and
G6MD (n=17)

l

Videos selected for screening
YouTube (n=1650), other (h=17)

Duplicates removed

A 4

Titles and descriptions screened:

YouTube (n=479), other (n=1)

Excluded videos not concerning

YouTube (n=1171). other (n=16)

\ 4

Full videos assessed for eligibility:
YouTube (n=299), other (n=16)

"| medicine: YouTube (n=872), other
(n=0)

l

Videos included in qualitative
analysis: YouTube (n=122), VuMedi
(n=2), Orthobullets (n=2), G6MD
(n=0)

Characteristics of included videos

A 4

Excluded videos: YouTube
(n=177), other (n=12); reason:

No examination (n=75/n=11)
No human subject (n=2/n=0)
Other joint (n=72/n=1)
Other language (n=25/n=0)

The 126 included videos were uploaded between June 2007 and February 2018. Video

statistics for the total group and sorted by educational usefulness with mean, range and 95%

Cl are summarized in [table 2]. Because of small number, dislikes per day online were not

analysed.

Table 2 — Characteristics of included videos

Educational

Educational not | Total (n=126) p-value
useful (n=23) useful (n=103)
Days online 1017.04 (842 to | 1935.23 (1750 1624.25 (1450 to p<0.05

(mean (95%Cl)) 1190)

to 2120) 1800)
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Views total 6168.30 (1650 20211.94 16954.79 (12400 to | p<0.05
(mean (95%Cl)) to 10700) (14600 to 21500)

25800)
Views per day 5.69 (2.14 to 8.47 (5.88 to 7.96 (5.25t0 8.75) | p<0.05
(mean (95% Cl)) 7.86) 10.1)
Likes (mean 32.35(21.1to 32.56 (19.3to 31.44 (20.0to p=0.989
(95%Cl)) 43.7) 45.9) 42.8)
Likes per day 0.03 (0to 0) 0.02 (0to 0) 0.02 (0to 0) p=0.218
(mean (95% CI)
Dislikes (mean 0.30 (-0.22 to 1.99 (1.3 to 1.68 (0.48 to 1.52) | p=0.27
(95%Cl)) 0.82) 2.68)

The uploader type varied from videos from informative websites (mostly by

physiotherapists) (34%), private individuals without a website (27%), universities or

university hospitals (22%), general or private hospitals (9%), and commercial companies

(8%). For more than half of the videos the profession of the uploader was unknown (56%),
with the other half of videos predominantly produced by physiotherapists (21%) and medical
doctors (17%).

The content distribution of the included videos is summarized in [table 3]. In 119 out
of 126 videos (94%) a specific test was performed, with or without additional general
examination. Stability tests of the medial collateral ligament (MCL) (n=46, 39% of the videos
with a specific test) and lateral collateral ligament (LCL) (n=37, 31%), and specific tests for
lateral epicondylitis (n=47, 39%) and medial epicondylitis (n=24, 20%) were covered most

frequently.

Table 3 — Content distribution of included videos

Content Videos (n) Percentage
History taking 6 4.8%
Inspection 22 17.5%
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Anatomy 15 11.9%
Carrying angle 10 7.9%
Range of motion 23 18.3%
Specific test 119 94.4%
Biceps 15 11.9%
Triceps 3 2.4%
VEOS 7 5.6%
ME 24 19.0%
MCL 46 36.5%
LE 47 37.3%
LCL 37 29.4%
ocb 2 1.6%

Pilot: reliability of the scoring system

Intra-rater reliability analysis showed excellent ICC’s of the modified scoring system for
accuracy (0.97; 95% Cl 0.93-0.99), quality (0.97; 95% Cl 0.93-0.99) and overall score (0.98;
95% Cl 0.94-0.99). The inter-rater reliability analysis of the pilot sample showed excellent
ICC’s for accuracy (0.87; 95% Cl 0.70-0.95), quality (0.92; 95% CI 0.79-0.97) and overall score
(0.94; 95% Cl 0.86-0.98) as well. Therefore, we further analysed the full sample of 126 videos

with the scoring system as described in the methods section.

Accuracy and quality assessment
The mean accuracy assessment score of the total sample was 5.6/8 points (95% ClI 5.3 to
5.9), ranging from 0 to 8 points. For videos on VuMedi, Orthobullets and G9MD, the mean
accuracy assessment score was significantly higher (mean 6.5; 95% Cl 6.2 to 6.8) compared
to videos on YouTube (mean 5.6; 95% Cl 5.3 to 5.9) (P<0.001).

Out of the maximum 10 points, the mean score for quality assessment was 7.3 points
(95% Cl 7.0 to 7.7), with a range from 4 to 10 points. For videos posted on the specific
platforms, the mean quality assessment score was significantly higher (mean 10; 95% Cl 9.6

to 10.0) compared to videos available on YouTube (mean 7.2; 95% Cl 6.9 to 7.6) (P<0.001).
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The mean overall score was 12.9 points (95% Cl 12.4 to 13.5) out of a maximum of 18
points, ranging from 5 to 18 points. Mean overall score for videos on specific platforms was

16.5 (95% Cl 16.0 to 17.0) and for videos on YouTube 12.8 (95% Cl 12.3 to 13.3) (P<0.001).

In total, two out of 126 videos (1.6%) achieved the maximum accuracy score (8 points) by
both observers (both available on YouTube). Thirty-one videos (24.6%) had the maximum
score (10 points) on quality assessment, including all the educational videos from the specific
platforms. In total, six out of 126 (4.8%) videos were given a maximum score (18 points) by
one of the observers (all on YouTube), but in only two videos both observers agreed on the
maximum score. Twenty-three videos (18.3%) fulfilled all major criteria by both observers
and were therefore determined to be educationally useful [table 4], this includes three out

of the four included videos posted on specific platforms.

Table 4 — Included videos and educational usefulness

105



ST 1591 Ajjiqels 101 M-ISGAVYNXZB=A¢YI1eM/W0 agNINOA MMM //:sd11y 15:00 usis Jieyd
[T 1591 A1ljigess 107 2B6[DIDDZY E=A¢ Yo3eM /W0 3gNINOA MMM //:sd11Y 6%:00 usis dn-ysnd
/T 1591 siMjApuodida |esaie 81-AHTdopexX=A¢Y21em/wod agnInoA mmm//:sd1y 0€:00 5159 siH|Apuodid] esaneq
/T 1591 Aujigels 1DIN JDSINVE HZPE=A{Y21em/wod agqninoA mmm//:sd1y /0:10 159] ssaJ1S sndjep moq|3
9T 1591 Aujiqels 1DIN ¥98EQr00)y=A¢ Yy21eM/W 02 agnINoA mmm//:sdny Y110 1591 ssau1s sndjep Suinoy
/1 1593 Aljigeis 1DIN 00-MTJd161A=A¢ Yo1eM/Ww0d 3gnInoA mmm//:sdiy €0'TO 1591 ssaJ1s sndjep Suino
juswesn
/1 1591 AJljIge1s 101 PYYEDSDG|ZG=A¢ YI1EM /W0 3gNINOA MMM/ /:sdny TT:TO |eda1e||0) |e4a1e | 1591 $s9.41S AJjIgeIsu| snuep moq|3
Moq|3 ay3 Jo Alljiqelsu| Aioleloy
[T 1591 AJljigels 101 ISWI/0XJZEY=A¢ Yo1eM/W02 3agNINOA"MMmM//:sd11y 9Z:T0 |eJ918|043150d | 359 uoisuayaiddy WIYyS 10AId [BI1eT] By L
/T 1591 AJljiqels 101 IADAHI8LWT A=A¢Yd1em/ w02 agnInoA mmm//:sd1iy 8€:10 A1lj1geISUl MOQ|D 10} 1591 JameJp A1031e)0J |eaale|oJalsod ay L
8T 1591 Aljigeas 10N NOOASAY NIf=AéYa1eM/wod agninoA mmm//:sdny 80:20 MOQ|3 93 JO SJed} DAl 404 1591 SSaU1s snSjen Suinow ay |
juawesd||
SYT 1593 Ajljigess 1DIN V8IAIS 64XE=A¢ Yd1em/wod agninoA mmm//:sdny 8T:TO |e4@1e)|0D [BIPAIAl | 1591 Ssauis Anjigeisul sndjep moq|3
ST 1591 SO3IA sbTSMASZOAH=AY21BM /W0 agnINOA MMM //:sd11y 8€:10 159} PEO[JDAO UOISURIXD SnSjen ayL
8T 1593 sdaoig ¥£A4SMdOTIO=A¢ Y21BM /W02 9qNIN0A"-MMM//:sd1Y 7€' 10 1593 95eaJd |eAlaul sdadig :joo] dnsouseiq Vi1
/T 1591 sdaoig INMIAGILMOGH=A Y21BM /W02 agNINOA"mmm//:sdny 85:00 1539 9zaanbg sdaoig
s1591 Aljigels 1DIN/101

/1 ‘siy|Apuodida [esale|/|elpaw ‘sdadiq ‘|esausn /MOQ|3-331-Jo-uoneulwexa-|edisAyd/0apin/wod pawnA mmm//:sdiy 8701 MO(|3 9y} J0 uoneujwexd |ealsAyd
s1s31 Ayljigeas

/1 1DIN/1D7 ‘siijApuodida |essie|/|elpaw ‘|esauan /WEexa-moq|a/09pIA/ W0 IPIWNA"MMM//:sd11y (XK wexa moq|3j
s1sa3 Ayijigels 12IN/127 ‘stiApuodida

[T |edaie|/|eipaw ‘sdadliy/sdadiq ‘|esausn 86 T=pléXdSe MalA/0apPIA/WO0I°S13||NGOYLI0 MMM //:sd11y VTT M0q|3 9y3 J0 uoneujwexd |easAyd

MOQ|3 943 JO UolBUIWEX] SBIIBS

/1 |eJauan 32d9IP-INOMT=A¢ Y231eM/WO0I 3gNINoA mmm//:sdny 8€:€0 uo1393[u] JUIOf PUB UOI}eUIWEXT |BID|BYSO|NISNIA]
s1s91 A1l|iqe1s 1DIN/1D1

S/T ‘sij|Apuoaida |esaie|/|elpaw ‘sdadiq ‘|esauan 3S6UI9)2-D=A¢ Yo1eM/W02'3gNINOA'MMM//:sd11y 6S:VT wexa moq|3j
VAN |eJauan MZDUAZGXD0AI=AE Y21EM /WO DGNINOA MMM //:5d11Yy 81:20 SMO(|3 JO UOleUIWEXS |eJ1S0|0}eWNAY BY |

s1sa3 Auijigels 12IN1/127 ‘stiApuodida nauag
[T |edaie|/[eipaw ‘sdadliy/sdadiq ‘|esausn 09yey;doo|z=A¢ Yo1em/wod agninoA mmm//:sdny 87:60 |9BYDIA °f "I - UOISNOH pue] Jedns - s1sa] wex3 mod|3
515331 Ayljigess
LT 1DW/1D7 ‘siiljApuodids |essie|/|eipaw ‘[eJauan NAVIEMABIONA=A; Y21BM/WO0I 3qNINOA' MMM //:sd11y 9C:TT uolneulwex3y moq|3 pue 1SU\
51591 AYl|Iqels
[T 101 pue snijApuodida |esaie|/|eIpaw ‘|esausn 269N L9dD¥rb=A¢ yo1em/wod agninoA:mmm//:sdny £5:90 MO(Q|3 3Y3 JO UOI_UIWEXD - 9 03PIA SoIpaedoyliQo
2102s
|e4ano
ueaN udju0) jurl | uoneing UL

106



Correlation between the accuracy and quality assessment scores was considered weak,
based on a Spearman’s rho of 0.26 (P=0.003). The number of days online showed a weak
negative correlation with the quality assessment (Pearson’s rho of -0.26, P=0.003), and no
correlation was found between the number of days online and video accuracy and overall
score (p=0.090 and p=0.175). The total amount of views did not correlate with assessment,
quality, or overall scores (p=0.938, p=0.674 and p=0.878 respectively). The number of likes
showed a weak correlation with the quality score (r = 0.29, p<0.001) and overall score (r =
0.2, p=0.026), but not with the accuracy of the video (r =-0.07, p=0.941). The total number

of dislikes was too small (n = 212) to draw conclusions on correlations.

Educational usefulness
The mean number of days online and viewers was significantly lower in educational useful
videos compared to less useful educational videos (p<0.01; p=0.02). No significant difference
was observed for the amount of likes between these two groups (p=0.99). There was a
significant association between the type of uploader and usefulness of video content
(p<0.001). Most educationally useful videos, originated from websites, universities/
university hospitals, and general hospitals (48%, 26%, and 26% respectively). None of the
videos uploaded by private persons, companies or other/unknown uploaders were classified
as educational useful. Within the uploader type, general hospitals and websites had the
highest scores (55% and 26% of videos were useful respectively, [figure 3]). Additional
analysis of all included videos showed no significant difference for accuracy scores in
comparison to content from websites, universities/university hospitals and general hospitals
(p=0.534), but around 0.5 to 1 point difference in quality and overall scores (p<0.001).
There was no significant impact of uploaders’ profession on educational usefulness
(p=0.110). Notable differences were observed between unknown professions (only 11% of
videos in this group was useful) and medical doctors, physiotherapists and students (38%,
19% and 20% respectively) [figure 4]. Comparison of videos developed by unknown
professions with videos from known professions showed a significant difference in quality
and overall scores (p<0.001), but not in accuracy scores (p=0.220). The mean quality score
was 8.1 for videos from known professions and 6.7 for videos from unknown professions,

with mean overall scores of 13.9 and 12.2, respectively.
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Figure 3 — Bar chart showing influence of uploader type on educational usefulness
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Figure 4 — Bar chart showing influence of profession of uploader on educational usefulness
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Inter-rater reliability

For the accuracy and quality assessment, the mean difference between the two observers

was significant (p<0.001), however, mean differences were less than 0.5 point. The mean
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difference for the overall score between rater one and rater two was not significant, with a
mean difference of 0.024 (p=0.871).

Inter-rater reliability analysis for the accuracy assessment showed an excellent ICC of 0.80
(95% Cl 0.70-0.86). Quality assessment also showed an excellent reliability with an ICC of
0.91 (95% Cl 0.85-0.95). ICC’s of the overall score was 0.93 (95% Cl 0.09-0.95).

Discussion

This study assessed the accuracy and quality of currently available educational videos on
physical examination of the elbow. The aim of this study was to provide characteristics of
accurate and qualitative videos and a list of currently available educationally valuable videos.
The findings of this study may guide students and residents in identifying educationally
useful videos and to help health care providers with the development of future educational

online content.

Main observations

A large variability of scores for both accuracy and quality were observed for the 126 videos
reviewed in this study. Accuracy and quality assessment had a negligible correlation,
suggesting that high-quality videos are not necessarily accurate in their presentation of
physical examination and vice versa. Out of the included studies, 23 fulfilled all major criteria
and were therefore classified as educationally useful. Notably, three out of the four included
videos from specialized platforms (VuMedi and Orthobullets) were rated as educationally
valuable and all showed higher accuracy, quality and overall scores compared to YouTube
videos. Given the difficulty of regulating content on YouTube, these results are not
surprising. This finding confirms our hypothesis that specialized platforms provide videos of
higher quality and accuracy than videos from YouTube. Only two out of 126 videos achieved
a maximum score by both observers. Overall, more videos received the maximum score for
guality assessment than for accuracy assessment. One of the reasons for this is that only a
few videos addressed diagnostic accuracy of the tests described. In previously described
scoring systems, addressing the diagnostic accuracy was not a part of the accuracy
assessment 11314 However, to interpret the results of physical examination tests,

knowledge on the diagnostic accuracy is of vital importance to rule in or out a diagnosis by
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physical examination. Notably, all examination videos on specialized platforms lacked
information on the diagnostic accuracy. Interrater reliability of the modified scoring system
showed excellent ICCs, especially when accuracy and quality assessment were combined.

Mean scores for the combined accuracy and quality scores showed no significant difference.

With the abundance of online available content and increasing focus on self-learning, it is
important for students and residents to identify educationally high quality videos. We
observed that the majority of educational useful videos on elbow physical examination were
provided by general hospitals and websites from physiotherapy practices or private
individuals and to a lesser extent by universities and university hospitals. The limited
contribution of university hospitals (as education institutions) may be explained by the fact
that extensive physical examination of the elbow generally extends beyond the content of
the general medical study curriculum. Between general hospitals and websites only quality
scores differed (approximately 1 point higher score for websites compared to general
hospitals), which may be explained by sponsorship or profit motives of more commercially
oriented companies/websites. Considering the profession of the uploader, our study show
that when the profession is unknown, the quality and overall score of educational videos are
lower compared to clips of known professions. Therefore, we recommend videos from
providers of which the profession is presented for educational purposes. Comparing our
findings with observations in previous literature on medical examination videos, only one
study from Urch et al. (2016) compared videos about shoulder examination on YouTube with
specialised platforms. Their conclusion supported our conclusion: videos on YouTube were
less accurate compared to specialised platforms (VuMedi, GEMD and orthobullets)>2. All
other studies available only included YouTube videos'' 1314 21,83 Thejr results were mostly
in accordance with our study. For example, Lee et al (2018) investigated the physical
examination of the shoulder and found that videos originating from (known) physicians are
more useful comparing to videos from (unknown) individuals®. Also the limitations of the
YouTube search algorithm and video regulations leading to a relative large number of
screened videos and small number of educational useful videos were addressed in most
studies. The studies by Azer (2012, 2012 and 2013) on the nervous system, surface anatomy
and cardiorespiratory system used the scoring system we based our modification on and

showed comparable scores for educational useful and non-useful videos!? 13 14,
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Strengths and limitations

Because YouTube content changes continuously, potentially useful videos may be missed.
However, search results often not match with search terms: our search yielded almost
200.000 hits, of which many did not focus on physical examination, medicine, and/or the
elbow joint. Therefore we pragmatically decided to only screen titles of the first 1,650
videos. This problem is not present on video platforms that target medical professionals,
however these platforms are often not known by non-specialized care providers such as
medical students, general practitioners and physiotherapists and provide less videos.
Improvement of YouTube’s search algorithm system may lead to more accurate matching of
search terms and resulting video content.

The inclusion of videos for this study was limited to videos in English, so that the
information is understandable for most viewers. These factors might have led to a selection
bias and a limited amount of educationally useful videos. Furthermore, the scoring system
used in this study was not validated before, but limited modifications were made to the

previously validated scoring system and our analysis showed excellent inter-rater reliability.

Recommendations and future directions

Teachers and clinical supervisors should be aware that students and residents use open-
access online learning platforms such as YouTube and recognize its pitfalls. Our study shows
that numerous teachers and clinicians are creating online content, but that these videos
frequently lack accuracy and/or quality. We advise content creators to film in a quiet room
with good quality electronic video capture systems. Creators should provide step-by-step
physical examination with clear verbal instructions and images. Furthermore, we advise the
examiners to introduce themselves by providing information on their profession and
institution. In order to enable the viewer to interpret the physical examination properly,
information on diagnostic accuracy should be provided when available; in cases where there
are no diagnostic accuracy studies available this should be indicated as well. Students and
residents should be aware that not all online content is accurate and qualitative and that

videos posted on specialized platforms such as VuMedi and Orthobullets are generally more
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educational useful compared to videos on YouTube. Viewership, likes/dislikes, and days
online are not appropriate to determine whether or not a video is educationally useful.

For future research, it would be interesting to investigate the educational value of videos for
students and residents in comparison to written content with or without static images and
live education by a teacher or clinician. Furthermore, it may be useful to develop creator
guidelines for physical examination videos for educational purpose such as the LAP-VEGa$S
guidelines for videos on laparoscopic cholecystectomy3!. The modified assessment tool used

in this study might serve for this goal.

Conclusion

In this study, we indicated 23 educational useful videos on the physical examination of the
elbow. Videos posted on specialized platforms, such as VuMedi and Orthobullets, by a
creator of which the profession is known are generally more reliable compared to videos of
which the creator’s background and/or institution is unknown. Viewership, likes/dislikes, and
days online do not indicate usefulness. The assessment tool used in this study for evaluating
accuracy and quality of videos is easy to apply and covers key elements of good-quality
educational videos. The tool can be used by students and residents to assess reliability of

educational video content and aid educators in the development of new online content.
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