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Background: Elbow range of motion (ROM) is commonly
assessed during initial evaluation and follow-up. While go-
niometry is considered the current gold standard, previous
studies have raised concerns regarding its user depen-
dence and measurement consistency.
Objective: To evaluate whether smartphone application-based
elbow ROM measurements are comparable to visual estima-
tion and goniometry in patients following elbow trauma.
Methods: We conducted a prospective cohort study of 18
patients with elbow injuries. Demographic and medical
data were collected. Maximal flexion-extension active ROM
was measured by goniometry, smartphone application, and
visual estimation by orthopedic surgeons. Measurements
were compared to determine agreement and accuracy
among different modalities.
Results: Eighteen patients with elbow injuries were included.
Inter-rater reliability was good to excellent across all rater
groups (intraclass correlation coefficient 0.78-0.93). Using
paired t-tests with Bonferroni correction, only one attending
surgeon showed a significant underestimation of extension
compared to goniometry (16.9° vs. 22.5°, P < 0.05). No signif-
icant differences were found for residents, other attendings,
or smartphone measurements in either extension or flexion
(P> 0.05). Bland-Altman analysis revealed modest mean bias
within % 6° for all methods, although limits of agreement were
wide (up to * 20-30°). Smartphone-based measurements
demonstrated significantly higher and less variable Pearson
correlation coefficients with goniometry compared to surgeon
visual estimations (0.91-0.95 vs. 0.81-0.93, P < 0.05).
Conclusions: Smartphone-based elbow ROM measure-
ments were statistically comparable to goniometry and
demonstrated superior correlation and accuracy relative
to clinical visual assessments. These findings support the
integration of smartphone tools in the clinical setting.
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Ibow range of motion (ROM) assessment is an import-

ant part of a physical examination as well as for clinical
follow-up. It is commonly used in assessing postoperative
outcomes, and monitoring rehabilitation and is regarded as
an objective outcome measurement. The most common in-
strument used for joint ROM measurement is the universal
goniometer because it is easy to use, affordable, and reli-
able [1,2]. Nonetheless, in hinge-type joints it may yield in-
consistent measurements as the joint is difficult to mark and
stabilize [3]. User inexperience may increase measurement
error rates [4,5]. Compared with visual ROM estimation, it
has been suggested that a goniometer should be used when
seeking accuracy of up to 10° [6].

Smartphone applications based on photography [7-10]
or an accelerometer [11-14], and more recently ma-
chine-learning based approaches, offer a potentially
highly reliable and easily accessible approach to ROM
measurement. Additional potential benefits include ease
of use and a quicker measurement [15]. Most studies thus
far have demonstrated adequate intra-rater or inter-rat-
er reliability and/or validity for smartphone applica-
tion-based ROM measurement overall [3].

For elbow ROM measurements specifically, very
few studies have been published to date [3,15,16], so
it is unclear whether smartphone application-based
measurement is a valid and reliable measurement tool.
Smartphone-based measurement has demonstrated high
validity and reliability in controlled settings [7,16-18].
The elbow joint is prone to post-traumatic stiffness, and
patient satisfaction has been associated with ROM out-
comes, suggesting accurate ROM measurements in this
patient population is clinically important [19,20].

This study adds to the existing literature by evaluat-
ing smartphone-based elbow ROM measurement in a
real-world orthopedic trauma population, directly com-
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paring goniometry and clinical visual assessments. We
hypothesized that a smartphone application-based elbow
ROM measurement would be highly correlated with visual
estimation and goniometry in patients after elbow trauma.

PATIENTS AND METHODS

This prospective cohort study included 18 patients who
presented to an orthopedic trauma outpatient clinic with
an elbow injury, including either a distal humerus frac-
ture or a proximal radius or proximal ulna fracture during
2020-2021. A post-hoc power analysis was performed
for the primary comparisons. A post-hoc power calcula-
tion for detecting a mean paired difference of 5 degrees,
assuming a standard deviation of paired differences of 5
degrees, alpha 0.05, and n=18, yielded a power of 97.9%.
The study was approved by the institutional review board
(approval number 0263-20). Patients were included in
the surgical care group if they had undergone surgery be-
fore their first outpatient follow-up appointment.

DATA COLLECTION AND STUDY VARIABLES

Age, sex, diagnosis, and treatment type (conservative or
surgical) were collected and analyzed from the electron-
ic health records. Maximal flexion-extension active ROM
was measured for each patient using a goniometer and by
a smartphone application. The measurements were all con-
ducted on the same smartphone (Apple iPhone 11) using
Orthophysical version 1.3 (by Software Marketing Bank).
Measurements were conducted with the app using both
photographic analysis and accelerometer modes. All mea-

Table 1. Patient characteristics

Patients (n=18)
Age at injury (years), mean * standard deviation 4816
Sex, n (%)

Male 11 (61%)
Female 7 (39%)
Fracture

Humerus 12 (67%)
Radius 3(17%)
Ulna 4 (22%)
Treatment

Conservative 11 (69%)
Surgical 5(31%)

surements were conducted by the same orthopedic surgeon
in the same outpatient clinic setting. Active ROM was
measured with the camera at a distance of 1-1.5 meters
from the patient. Full extension of the elbow was defined
as 0 degrees. This app was chosen because it is free, sim-
ple, and allows both photographic and accelerometer mea-
surements. In addition, a visual estimation was recorded
by two orthopedic surgery residents and two attending or-
thopedic surgeons, all blinded to previous measurements.
Patients were examined for active flexion and exten-
sion, standing when possible. There was one trial per
measurement, and all the measurements were conducted
at the same visit. The residents were senior residents who
completed at least 3 years of the residency and success-
fully passed the first part of the Israeli orthopedic surgery
residency exam. Attending orthopedic surgeons were all
Israeli board qualified orthopedic surgeons. Visual esti-
mation was evaluated independently so each physician
was unaware of the estimations of other physicians, goni-
ometers, or smartphone application measurements.
Patient-reported outcomes were not available in our
study population. Even though the sample had sufficient
power, it was not large enough to add subgroup analysis.

STATISTICAL ANALYSIS

Paired t-tests with Bonferroni correction for multiple com-
parisons were used to compare measured ranges of motion
to goniometry. Inter-observer agreement was assessed us-
ing the interclass correlation coefficient (ICC), applying a
two-way random-effects model with absolute agreement
(ICC(2,1) for single measurements and ICC(2,k) for av-
eraged measurements). Agreement between measurement
methods and goniometry was evaluated using Bland-Al-
tman analysis, calculating mean bias, and 95% limits of
agreement (mean difference = 1.96 standard deviations).
Plots were visually inspected for systematic bias and het-
eroscedasticity. Separate analyses were performed for flex-
ion and extension. Pearson’s correlation coefficients were
calculated between measured ranges of motion and goni-
ometry. P-value < 0.05 was considered statistically signifi-
cant. The statistical analysis was performed using Microsoft
Excel™ 2021 Version 17 (Microsoft® Corporation, Red-
mond, WA, USA) and R Statistical Software, version 4.4.3
(R Foundation for Statistical Computing, Vienna, Austria).

RESULTS

Fighteen patients with significant elbow injuries were
included in this study [Table 1]; 11 males and 7 females
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with an average age of 48 years. Most had presented a
distal humerus fracture, while some had either a proxi-
mal radius or proximal ulna fracture. One patient had a
proximal ulna fracture and a distal radius fracture. Most
patients were treated conservatively.

The interclass correlation coefficient (ICC) between
resident raters was 0.78 (95% confidence interval
[95%CI] 0.51-0.91), indicating good inter-rater reliabil-
ity. For senior raters, the ICC was 0.84 (95%CI 0.63—
0.94), also demonstrating excellent reliability. Averaging
ratings further improved reliability to 0.88 for residents
and 0.91 for seniors. The ICC for all raters combined was
0.78 (95%CI 0.61-0.90) for single measurements. When
averaging ratings across raters, reliability increased fur-
ther to 0.93 (95%CI 0.86-0.97).

Figure 1. Measured by goniometry, orthopedic surgeons and a
smartphone application
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When ROMs in extension were compared to those
measured using goniometry, using paired t-test with Bon-
ferroni correction, only one senior orthopedic surgeon
had underestimated extension as demonstrated by lower
average extension angle 16.9° (95%CI 13-20) compared
to an average of 22.5° (95%CI 19-26) measured by go-
niometry. No significant differences were found when
comparing extension by both residents, other senior sur-
geons, smartphone accelerometer, or photograph analysis
to goniometry (P> 0.05) [Figure 1]. No significant dif-
ferences were found when comparing ROMs in flexion
as measured by goniometry to any orthopedic surgeon or
smartphone applications (P> 0.05) [Figure 1].

Bland-Altman analysis demonstrated that, for both
extension and flexion, all alternative methods (including
resident and attending raters as well as smartphone-based
measurements) showed only modest mean bias when com-
pared to goniometry, typically within + 6°. For extension,
all methods exhibited a small positive bias, indicating a
tendency to overestimate extension angles relative to the
reference standard. However, across both movements, the
limits of agreement were relatively wide, ranging up to ap-
proximately 20 to 30° in some cases. This finding suggests
that, while group averages are similar, substantial variabil-
ity exists at the individual level. Notably, the smartphone
camera method showed the smallest bias and narrower
limits of agreement compared to other methods in exten-
sion but still permitted differences up to 13 to 14°.

Very strong correlations were found between mea-
surements by orthopedic surgeons and a smartphone
application and goniometry with Pearson’s correlation
coefficients between 0.813 to 0.948 overall [Table 2].

Figure 2. Correlation coefficients calculated between ranges of motion
as measured by orthopedic surgeons and a smartphone application
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Table 2. Correlation coefficients calculated between ranges of motion as measured by orthopedic surgeons and a smartphone application

Resident A Resident B Attending A Attending B Smartphone photograph Smartphone accelerometer
Extension 0.911 0.860 0.899 0.813 0.911 0.911
Flexion 0.931 0.815 0.919 0.819 0.940 0.948

A statistically significant difference was found between the
correlation coefficients of measurements using a smart-
phone (accelerometer and photograph analysis combined)
compared to the correlation coefficients of measurements
of orthopedic surgeons (P < 0.05) [Figure 2]. Importantly,
the correlation coefficients of smartphone-based measure-
ments appear to be higher and less variable.

DISCUSSION

We compared elbow ranges of motion in 18 patients after
elbow trauma measured by goniometry, orthopedic sur-
geons, and a smartphone application. Goniometry is the
commonly accepted method and was used as the refer-
ence for statistical comparison [1,2]. Our results indicate
that smartphone-based measurements were not statisti-
cally different from those of goniometry. Furthermore,
smartphone-based measurements were found to have
better averages and had lower limits of agreement, sup-
porting the use of smartphone-based measurements over
clinical evaluations.

Previous studies have demonstrated systematic differ-
ences between measurement methods, with smartphone
applications tending to overestimate flexion while clini-
cal estimation may underestimate it [14]. Like our find-
ings, agreement at the group level did not translate into
perfect agreement at the individual level.

Our findings are consistent with previous studies
demonstrating excellent agreement between smartphone
applications and goniometry, and superior performance
compared to visual estimation [12]. However, in contrast
to prior reports with narrower limits of agreement [13],
our study demonstrated wider variability, likely reflect-
ing a more heterogeneous post-traumatic adult popula-
tion. Measurement variability is known to increase when
transitioning from standardized angles to real human
joint motion, even with highly reliable devices [13]. This
result may explain the wider limits of agreement ob-
served in our cohort.

Smartphone-based elbow ROM measurements demon-
strated comparable results to goniometry at the group
level. However, the relatively wide limits of agreement
indicated substantial variability at the individual level.

Therefore, smartphone-based assessment may serve as a
useful adjunct tool but cannot be considered a replace-
ment for goniometric measurement.

While previous studies [6] showed that clinical eval-
uation is accurate with more experienced physicians, our
study found mixed results with no clear advantage to
measurements conducted by attendings compared to res-
idents. One of the factors that could have contributed to
this finding is the fact that the residents who participated
in this study were senior residents, with a minimum of
post-graduation of year 4. Likewise, even for statistically
significant differences between goniometry and clinical
estimation, the average difference in measurement was
between 5° and 12.5°, which is probably at the lower end
of what is clinically significant.

Previous studies have put the emphasis on self-mea-
surement or measurement by layperson [7,15]. Our study
focused on clinical use by orthopedic surgeons at a trau-
ma clinic, applying it to a real-world cohort of trauma
patients. The findings suggest that digital tools may of-
fer a reliable, objective alternative for ROM assessment
in orthopedic trauma patients, challenging assumptions
about the superiority of clinical experience and support-
ing broader integration of mobile technology into routine
musculoskeletal evaluation.

This study has several limitations. First, the sample
size was relatively small and derived from a single center,
which may limit generalizability. Second, measurements
were obtained in a single session without repeated trials,
precluding assessment of intra-rater reliability. Third, only
flexion and extension were measured, thus lacking infor-
mation about forearm rotation. In addition, patient-reported
outcomes were not included, limiting assessment of clinical
relevance. Last, the inherent variability of post-traumatic
elbow conditions may have contributed to the wide limits
of agreement observed. While the wide limits of agreement
represent a limitation, they likely reflect real-world clini-
cal variability and may provide a more realistic estimate of
measurement performance in routine practice.

CONCLUSIONS

We showed equivalent and sometimes slightly better results
while using the orthophysical app over clinical assessment.
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Even though these findings only relate to the specific app
tested, they support the use of smartphone-based measure-
ments. Smartphone-based measurements demonstrated
mean bias and limits of agreement that were comparable
to or narrower than those of human raters, supporting their
potential use. As technology becomes more integrated in
clinical care there is an expectation for improving phys-
ical examination accuracy and reliability and reducing
provider-experience-related errors by using applications
for better ROM measurements. Possible obstacles for in-
tegrating these technologies into routine clinical practice
may include information security concerns, a current lack
of cost-benefit analysis, and a lack of standardization be-
tween applications and health-care providers.

Building on prior studies demonstrating validity in
controlled or non-traumatic populations, in this study, we
evaluated the agreement between measurement methods
in a real-world orthopedic trauma setting. The results add
to the existing literature by addressing the limited evi-
dence on measurement agreement under routine clinical
conditions. Smartphone-based measurements are not yet
intended to replace the goniometer as the gold standard,
but they are a good adjunct that adds reliability compared
to clinical visual estimation.
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