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ABSTRACT 

INTRODUCTION:  The purpose of this study was to eval-
uate the accuracy of visual joint angle assessments by 
orthopaedic surgery trainees amongst various levels of 
training.

METHODS:  Sagittal plane photographs of several joints 
at various angles were distributed to trainees within an 
orthopaedic residency program. Joint angles were esti-
mated and compared to those obtained with a goniom-
eter. Inter-and intra-rater reliability and ANOVA were 
conducted to assess differences between groups. 

RESULTS:  Twenty trainees were studied. The percent  
error for knee measurements differed at 23.1%, 26.2% 
and 11.1% for the PGY 2–3, PGY 4–5 and PGY 6 groups, 
respectively (P=0.024). Percentage error for ankles 
showed the greatest variability at 69.7–96.3%. Intra-rat-
er reliabilities for all visual joint angle assessment were 
similar amongst groups. 

CONCLUSIONS:  Visual joint angle assessments vary 
amongst trainees, with PGY 6s most accurately identi-
fying knee joint angles. Visual assessment is inaccurate 
compared to goniometric measurements, thus limiting 
visual measurements during patient encounters.
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INTRODUCTION

Joint range of motion (ROM) is an objective measure that 
is used by surgeons and therapists alike to assess severity 
of disease, guide clinical decisions, set benchmarks, and 
monitor the progress of rehabilitation. ROM measure-
ments facilitate communication between physicians, phys-
ical therapists, and patients. Thus, this communication 
depends on the accuracy and reproducibility of joint angle 
measurements among providers. Ellis et al demonstrated 
that goniometer-based measurements are a reliable method 
for obtaining these measurements.1,2 However, more recent 
investigations have shown that variability in the technique 
used to measure the joint results in decreased accuracy of 
goniometric measurement of joint angles.3–5

Orthopaedic consultations are commonly provided by a 
range of clinicians, such as physician assistants, junior or 
senior residents, or attending surgeons. Experience with 
physical examination maneuvers and patient assessment 
logically improve as residents become more senior, yet 
junior residents are the more common orthopaedic consul-
tation provider at academic institutions.6,7 Thus, there may 
be differences in the abilities of junior and senior residents 
in the assessment of joint ROM, which may alter patient 
diagnosis and management. However, to our knowledge, the 
effect of level of training on the accuracy and reproducibility 
of joint angle measurements has not been investigated. 

The purposes of the current study are to assess the accu-
racy of visual joint ROM measurements in both the upper 
and lower extremity compared to the gold standard of gonio-
metric measurement and to assess the relationship between 
level of orthopaedic training and accuracy of such joint 
angle measurements. Our hypotheses are that the accuracy 
of visual assessment of joint angles performed by orthopae-
dic surgery trainees improves with a higher level of training 
and that visual ROM measurements will be comparable to 
goniometric measurements. 

METHODS

After obtaining approval from our institutional review board, 
a series of five sagittal plane photographs of the ankle, knee, 
elbow, and wrist positioned at various angles were electron-
ically distributed to all residents and fellows affiliated with 
a single academic orthopaedic surgery training program. 
Participants were instructed to visually estimate the joint 
angle in each photograph. Participants remained anony-
mous except for year in training. Participants estimated the 
joint angle in the same 20 photographs one week after the 
initial assessment. Each participant’s visual assessment of 
joint angles was compared to the joint angle measurement 
obtained with a smartphone-based goniometer application 
(Angle Meter Pro, Nakhon Phagdeechat). 

The photographs were distributed via the REDCap 
(Research Electronic Data Capture) program (Vanderbilt 
University, Nashville, TN). Study data was also collected 
and managed using the REDCap program. REDCap is a 
secure, web-based application designed to support data cap-
ture for research studies. The REDCap program does not 
record internet protocol (IP) addresses.
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STATISTICAL ANALYSIS

The mean percent error for participants’ assessment of joint 
angles was calculated. Percent error was calculated by tak-
ing the difference between each rater’s measurement and 
the goniometric measurement and dividing this value by the 
goniometric measurement. Inter-rater and intra-rater reli-
ability was calculated using the intraclass correlation coef-
ficient (ICC). The qualitative agreement levels of the ICC 
were interpreted as follows: 0–0.2 indicate poor agreement, 
0.2–0.4 indicate fair agreement, 0.4–0.6 indicate moderate 
agreement, 0.6–0.8 indicate good agreement, and 0.8–1.0 
indicate excellent agreement.8 One-way analysis of vari-
ance was conducted to assess differences in the mean per-
cent error between the three groups. A cutoff of P< 0.05 was  
considered statistically significant. 

RESULTS

Twenty residents and fellows completed the survey twice. 
There were 7 postgraduate year (PGY) 2–3, 7 PGY 4–5, and 
6 PGY 6 trainees (Table 1). In the lower extremity, the mean 
percent error for the knee measurements was 23.1%, 26.2% 
and 11.06% for the PGY 2–3, PGY 4–5 and PGY 6 groups, 
respectively (P=0.024) (Table 2). The mean percent error for 
the ankle was 96.3%, 69.7% and 81.9% for the PGY 2–3, 
PGY 4–5 and PGY 6 groups, respectively (P=0.30) (Table 2). 
The inter-rater reliability for visual joint angle assessment 
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Table 1. Characteristics of Raters and Presented Cases

Rater Characteristics N=20

Training Level

       PGY 2–3 7 (35%)

       PGY 4–5 7 (35%)

       PGY 6 6 (30%)

Table 2. Percent Error Among Different Trainee Levels

Anatomic Region PGY Level Mean Percent Error P

Knee 2–3 23.1%

4–5 26.2% 0.024*

6 11.06%

Ankle 2–3 96.3%

4–5 69.7% 0.30

6 81.9%

Elbow 2–3 32.3%

4–5 25.2% 0.25

6 24.9%

Wrist 2–3 22.9%

4–5 27.7% 0.19

6 21.1%

Note: PGY, Post-graduate year; * denotes statistical significance at P<0.05

Table 3. Inter-Rater Reliability for Angle Assessment

Note: ICC, intraclass correlation coefficient; PGY, Post-graduate year

Raters Anatomic 
Regions

ICC 95% Confidence 
Interval

All Raters Knee 0.987 0.962–0.998

Ankle 0.719 0.459–0.956

Elbow 0.951 0.870–0.994

Wrist 0.969 0.914–0.996

PGY 2–3 Knee 0.983 0.948–0.998

Ankle 0.863 0.652–0.982

Elbow 0.971 0.911–0.996

Wrist 0.977 0.928–0.997

PGY 4–5 Knee 0.987 0.958–0.998

Ankle 0.734 0.438–0.960

Elbow 0.971 0.912–0.997

Wrist 0.969 0.907–0.996

PGY 6 Knee 0.994 0.979–0.999

Ankle 0.566 0.222–0.924

Elbow 0.901 0.722–0.987

Wrist 0.964 0.886–0.996

Table 4. Intra-Rater Reliability for Angle Assessment

Anatomic Regions Training Level Mean ICC

Knee PGY 2–3 0.994

PGY 4–5 0.992

PGY 6 0.947

Ankle PGY 2–3 0.940

PGY 4–5 0.915

PGY 6 0.922

Elbow PGY 2–3 0.994

PGY 4–5 0.984

PGY 6 0.956

Wrist PGY 2–3 0.997

PGY 4–5 0.977

PGY 6 0.986

Note: ICC, intraclass correlation coefficient; PGY, Post-graduate year

was 0.987 (95% Confidence Interval (CI), 0.962–0.998) for 
knee and 0.719 (95% CI, 0.459–0.956) for the ankle. The 
difference between the PGY 2–3, PGY 4–5 and PGY 6 was 
not significantly different (Table 3). Similarly, the intra-rater 
reliability for visual joint angle assessment of the knee and 
ankle was not significantly different between the PGY 2–3, 
PGY 4–5 and PGY 6 groups (Table 4).

In the upper extremity, the mean percent error for the elbow 
measurements was 32.3%, 25.2% and 24.9% for the PGY 
2–3, PGY 4–5 and PGY 6 groups, respectively (P=0.25) (Table 
1). The mean percent error for the wrist was 22.9%, 27.7% 
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and 21.1% for the PGY 2–3, PGY 4–5 and PGY 6 groups, 
respectively (P=0.19) (Table 2). The mean percent error of the 
visual assessment was significantly higher compared with 
the mean percent error of the goniometer (P<0.001). The 
inter-rater reliability for visual joint angle assessment was 
0.951 (95% CI, 0.870–0.994) for the elbow and 0.969 (95% 
CI 0.914–0.996) for the wrist (Table 3). Similarly, the intra-
rater reliability for visual joint angle assessment of wrist and 
elbow was not significantly different between the PGY 2–3, 
PGY 4–5 and PGY 6 groups (Table 4).

DISCUSSION

Effective communication between physicians, therapists, 
and patients regarding many musculoskeletal conditions 
depends on accurate joint ROM measurements. Previous 
investigations have demonstrated that variability in gonio-
metric techniques used to measure joint angles results in 
decreased accuracy.5,9 The current study reveals that, when 
compared to goniometric measurement, the mean percent 
error of sagittal plane visual joint angle assessments of 
the knee, wrist, and elbow range from approximately 11% 
to 32%, while the ankle ranged from 69% to 96% among 
trainees. The mean percent error of visual joint angle assess-
ment of the knee was significantly lower in PGY 6 group 
compared to the PGY 2-3 and PGY 4-5 groups. However, the 
inter-observer and intra-observer reliability of visual joint 
angle assessment of the knee were not significantly different 
between different levels of orthopaedic training. The mean 
percent error, inter-observer, and intra-observer reliability of 
visual joint angle assessment of the ankle, wrist, and elbow 
were not significantly different between different levels of 
orthopaedic training. While visual assessment of sagittal 
plane joint angles of the aforementioned joints do not differ 
in inter- and intra-observer reliability between PGY training 
levels, these measurements, particularly in the ankle, are 
inaccurate compared to goniometric measurement. 

Precise understanding of ROM measurements are essen-
tial in hand and upper extremity surgery as stiffness is a 
common complication after various injuries and surger-
ies.10,11 Moreover, therapy protocols and surgical treatments 
may vary depending upon ROM measurements, imploring 
clinicians to obtain accurate measurements for ideal com-
munication amongst providers.12 While goniometers are 
widely used for joint angle measurements, several investi-
gations have shown that variability in the technique used 
to measure the joint ROM results in decreased accuracy of 
goniometric measurement of joint angles.5,9,13 McVeigh et 
al compared visual and goniometer measurements of wrist, 
index metacarpophalangeal (MCP) joint, and index proximal 
interphalangeal (PIP) joint angles by 20 hand surgeons and 
20 hand therapists to radiographic measurements of these 
joint angles.13 Their findings demonstrated no difference in 
goniometric and visual measurement of the wrist and MCP, 
while the goniometric measurement was more accurate for 
the measurement of the PIP. In contrast to the findings of 

the aforementioned study, the difference between visual 
measurement of joint angles compared to smartphone appli-
cation-based goniometric measurement was substantially 
higher in our study. A possible reason for this discrepancy 
is that orthopaedic trainees have less experience with visual 
joint angle measurements when compared to more experi-
enced hand surgeons and hand therapists.

The ankle was found to have the highest variability with 
respect to percent error when comparing visual joint angle 
measurements to the goniometric measurements, with 
errors ranging from 69% to 96% among trainees. Previous 
research. demonstrated that the inter-rater reliability of 
goniometric measurement of ankle joint ROM was low to 
moderate.14 While this differs from our plantar-dorsiflex-
ion measurements in the sagittal plane, it highlights the 
important finding that goniometric ankle motion values 
may be difficult to reliably and consistently obtain. In con-
trast, Allignton et al demonstrated that if a strict protocol 
is followed, including utilizing trained physical therapists 
to obtain measurements, visual and goniometric joint angle 
measurements of the ankle is reliable and reproducible.15 
Konor et al found that even notice evaluators were able 
to produce good reliability and low measurement errors in 
ankle joint angles. Thus, physical therapists rather than 
orthopaedic trainees, and the utilization of techniques other 
than visual measurements, may be the most appropriate 
way to evaluate ankle joint angles.

In the current study, visual joint angle measurements 
were compared to joint angle measurements obtained with 
a smartphone-based goniometer application. Smartphone 
applications of joint angle measurements are at least equiv-
alent if not superior in reliability when compared to tradi-
tional goniometric joint angle measurements.16,17 Milanese 
et al compared the intra- and inter-observer reliability of 
physical therapists measuring knee ROM using a smart-
phone application and a goniometer.18 Both methods were 
found to be reliable with no significant difference in nov-
ice or experienced examiners using either device. Werner 
et al found that joint angle measurements of the shoulder 
obtained with a smart-phone based application had excellent 
agreement to those obtained with a traditional goniometer.11 

When considering the aforementioned data in the context of 
the results of the current study, smartphone-based goniom-
eters remain a useful and reliable tool for joint angle ROM 
measurements and may have value within the armamentar-
ium of a joint angle evaluator. 

There are several limitations of this study. First, the joint 
angle measurements were collected anonymously, which 
may have led participants to spend less time interpreting 
the joint angles, resulting in less accurate responses. How-
ever, the request for anonymous participation allowed us to 
collect de-identified data and may have encouraged partici-
pation from trainees who would be otherwise reluctant to 
participate if they felt that they would be evaluated relative 
to their peers based on the accuracy of their responses. Sec-
ond, the sample size of each subgroup of respondents was 
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small, which could have resulted in false-negative results. 
Although the subgroups were small, the inter- and intra- 
observer reliability between and among the subgroups was 
good to excellent, which suggests that the data is represen-
tative of the subgroups. Third, we only sought to assess sag-
ittal plane joint angle assessments. Therefore, the data is not 
generalizable to transverse or coronal plane assessments. 
Sagittal plane assessments, however, are commonly used 
when communicating and assessing elbow, wrist, knee, and 
ankle joint ROM. Finally, it is important to note that the 
gold standard of human movement evaluation is currently 
considered to be a 3-dimentional motion capturing system 
with a marker-based tracking system, and we were unable to 
compare our results to those of such a system.19

CONCLUSIONS

A precise understanding of ROM measurements are essen-
tial in musculoskeletal medicine as a means of effective 
communication amongst medical providers of various train-
ing levels and physical therapists alike. In comparison to 
goniometric measurement, the mean percent error of sagit-
tal plane, visual joint angle assessments of the knee, ankle, 
wrist, and elbow joints among trainees ranges widely from 
11.1–96.3%. The mean percent error of visual joint angle 
assessment of the knee was significantly lower in PGY 6 
group compared to the PGY 2–3 and PGY 4–5 groups. On 
the contrary, the mean percent error, inter-observer and 
intra-observer reliability of visual joint angle assessment 
of the ankle, wrist, and elbow were not significantly differ-
ent between different levels of orthopaedic training. While 
visual assessment of sagittal plane joint angles of the studied 
joints does not differ in inter- and intra-observer reliability 
between various levels of orthopaedic training, it is rela-
tively inaccurate compared to goniometric measurement 
and must be used cautiously in ROM measurements during 
telehealth or in-person visits.
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