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ABSTRACT

INTRODUCTION. It would be advantageous if patients could self-report ankle range of motion (ROM). This study aimed to
develop the Copenhagen Ankle Range of Motion Scale (CARS).

METHODS. After input from healthcare professionals and patients, a pictorial questionnaire was developed to report ankle
dorsiflexion with a straight knee and a flexed knee and ankle plantiflexion. CARS outcomes were compared to goniometer
measurements made by a nurse and a doctor. Reliability, interclass correlation coefficients (ICC), agreements and correlations
were calculated.

RESULTS. A total of 102 patients were enrolled. ICCs for goniometer measurements by a nurse and a doctor were 0.66-0.77.
There was good agreement between the pictorial choices made by doctors and nurses, with a weighted kappa between 0.63
and 0.71. Agreement between CARS measures and the mean of goniometer measures by the two observers showed a
weighted kappa of 0.32-0.5, and Pearson correlation coefficients between patient selections and the mean goniometer
measurement were 0.53-0.56.

CONCLUSIONS. CARS can be used to obtain an indication of ankle ROM without the patient's physical attendance and can
standardise estimates of ankle ROM in clinical practice. It was not possible to calculate the tool's sensitivity, specificity and
positive/negative predictive values. Further development with patient involvement may improve the validity of CARS version
2.0.

FUNDING. None.

TRIAL REGISTRATION. Not relevant.

Most load applied to the ankle is transferred through the talar dome [1], and motion of the ankle joint primarily
occurs in the sagittal plane as planti- and dorsiflexion of the tibiotalar joint. A normal range of motion (ROM) is
10-20° of dorsiflexion and 40-55° of plantiflexion [2]. A decrease in this ROM affects maintaining a normal gait
cycle and can lead to compensation elsewhere in the lower limb [2]. Many degenerative and inflammatory
conditions, injuries and neurological conditions result in reduced ROM of the ankle.

The use of patient-reported outcome measures (PROM) in medical practice is increasing. PROMs are primarily
used to evaluate groups of patients, e.g., in treatment series or randomised studies and for quality control,
screening and patient treatment monitoring [3].

There are numerous foot and ankle PROMs [4]. An analysis of the 17 mostly used questionnaires revealed that
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none evaluate ROM of the ankle directly [5], and only the Munich Ankle Questionnaire evaluated this [6], using
schematic drawings for assessment. However, it does not evaluate ankle dorsiflexion with the knee flexed, and
therefore it cannot separate a tight gastrocnemius muscle from conditions in the ankle joint as a reason for
reduced dorsiflexion.

The need for patient physical attendance in the outpatient clinic for treatment monitoring and research can be
reduced if ankle ROM is assessed through a pictorial questionnaire. Therefore, this study aimed to develop and
validate a comprehensive tool to assess ROM in the ankle as a complement to information from existing PROMs
that primarily evaluate the subjective ankle condition. We hypothesised that a pictorial tool would be able to
identify patients who have reduced ankle motion and need attention, for instance, in relation to post-operative
follow-up.

Methods

Development and validation of the Copenhagen Ankle Range of Motion Scale

The regional ethical committee waived the need for ethical approval as the study involved no interventions.

A pictorial questionnaire was developed using colour side-view photographs of an ankle, showing various
degrees of extension and flexion with straight and flexed knees. We produced colour side-view photographs to
show the ankleʼs end-range motion during maximal dorsiflexion, with the knee either fully extended or flexed at
30°, capturing 15° increments. Additionally, we photographed maximal plantarflexion (with the knee fully
extended), capturing 10° increments. To address content and face validity (relevance, coverage and
understandability [7, 8] of the photographs, eight medical professionals: two orthopaedic nurses, two resident
doctors, three foot and ankle surgeons and one sports surgeon discussed every photograph, including the colour
of the socks, light on the photographs, etc., followed by adjustments of the photographs. A provisional
questionnaire was developed, and 19 patients with various foot or ankle disorders, attending the outpatient
clinic, were invited to complete and comment on the scale. Their inputs were discussed among the group of
medical professionals, and the scale was then adjusted accordingly, for example, in relation to the layout, the
colour of the socks and the lighting in the photographs, and the size of the photographs, and was then ready for
validation.

The Copenhagen Ankle Range of Motion Scale (CARS) (supplementary Figure 1) consisted of 12 photographs,
showing three movements of the ankle: plantiflexion (PF) with an extended knee (six images), dorsiflexion with
an extended knee (DFEK) (three images) and dorsiflexion with flexed knee (DFFK) (four images). For each of the
three movements, the patient had to select the photo that illustrated the maximal ROM in their ankle.

The validity of CARS, meaning to which degree patients and healthcare professionals (an experienced nurse and
an experienced foot/ankle surgeon) selected the same photos and how the patientsʼ choices of photos correlated
with the dorsi- and plantarflexion [9] as measured by a nurse and a doctor, was evaluated with agreement and
correlation analyses.

Inter-rater reliability of the measurements made by a nurse and a doctor - meaning the extent to which both
agreed on the ROM of the ankle [10] - was evaluated by agreement analysis.

Study population

After having consented to participate, a total of 102 patients with a wide range of foot and ankle pathologies
participated in the validity study from 28 September to 21 December 2020 in connection with their consultation
at Bispebjerg Hospitalʼs Foot and Ankle Outpatient Clinic.
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When they checked in at the outpatient clinic, the participants received CARS in paper format. They were left
alone in an undisturbed room to complete the questionnaire. Relatives were allowed to accompany and help, but
the patients received no help or explanation from any healthcare professional regarding the questionnaire.

When the patient had completed CARS, the foot/ankle surgeon entered the room and completed a separate CARS
for the ankle in focus but did not discuss the completion of the questionnaire with the patient, and then the
surgeon measured the ankle ROM using a predefined technique: to identify the lower leg axis, the middle of the
fibular head to the middle of the lateral malleolus was outlined with a marker. One wing of a universal
goniometer [11] was positioned along the line, and the other wing along the sole of the foot (Figure 1). Three
active movements were measured in the ankle: maximal active dorsiflexion and maximal PF with an extended
knee, and maximal active dorsiflexion with a flexed knee achieved during maximum lunge in a standing
position.

Finally, a trained nurse completed a third CARS questionnaire and measured the ankle ROM, adopting the
procedure described above. The doctor and the nurse did not know each otherʼs measurement results.

Statistical analysis

We calculated descriptive statistics (mean, standard deviation, frequencies and 95% CI) – parametric statistics
were used as the results showed a normal distribution.

The gold standard goniometer measurement for the individual patient for each of the three ROMs was defined as
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the mean of the values obtained by the doctor and nurse.

To relate the pictorial choices in the questionnaire to the goniometer measurements and to define a “calculated
correct option”, we used the interquartile range of the goniometer measurement from both interpreters and
assigned it to the corresponding pictorial choice. Thus, for each pictorial choice, we assigned a range of degrees
within which the interquartile range of measurements for both the doctorʼs and nurseʼs goniometer
measurements fell.

In cases where we encountered minimal ROM pictorial choices that had a limited number of subjects, a
predefined increment in degrees for that specific ROM was chosen.

For agreement, we used weighted kappa, Bland-Altman plots and interclass correlation coefficient (ICC) in
combination or separately, depending on the variable [12]. For correlation between picture selection and
goniometer measurements, we calculated the Pearson correlation coefficient.

Data were processed in RStudio.

Trial registration: not relevant.

Results

The mean patient age was 50.9 years (range: 17-87, standard deviation (SD): ± 15.2), with 31 males and 71
females.

Five patients marked two options at the extreme ends of the PF section. When asked them to explain this, and
the patients stated that they had understood the six pictures as two separate sets of three, and they suggested
marking the pictures with numbers to avoid this misunderstanding (this change was therefore implemented in
CARS after the validation process). These patients were excluded from the analysis. One patient had
misunderstood two questions and marked the maximal motion in the wrong extreme of the scale. This mistake is
relevant for the evaluation of the understandability of the scale. Therefore, we calculated the outcome
parameters for all patients, including the obvious misunderstanding of the scale. The mean difference in
goniometer measurements made by the doctor and the nurse for PF was 0.9° (95% CI: –0.4-2.3°). For DFEK, it was
0.1° (95% CI: –1.1-1.4°) and for DFFK, it was –0.8° (95% CI: –1.9-0.4°). The ICC results and standard deviations are
presented in Table 1. The Bland-Altman plots in Supplementary Figure 1 illustrate the agreement within the
recorded goniometer readings.
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The agreement between the doctor and the nurse in relation to the picture selection was substantial (Table 2),
while the agreement between the calculated correct answer and the patientʼs choice was fair to moderate (Table
2). One patient chose the first pictorial option in PF (minimal PF), and one patient chose the second. The correct
picture was chosen by 40.5% of patients, 94% were within one pictorial option away from the correct option, five
patients were two pictorial options from the correct option, and one patient was at the extreme end away from
the correct answer (Supplementary Table 1). The weighted kappa for PF was 0.33 (95% CI: 0.15-0.51), meaning
that agreement was fair.

In the DFEK, only three patients chose the first picture (maximal equinus). In total, 77% of patients chose the
correct pictorial option, 99% were within one pictorial option of the correct option, and one patient was two
pictorial options from the correct option (Supplementary table 1). The weighted kappa for DFEK was 0.5 (0.33-
0.67).

Only three patients chose the first pictorial option (maximal equinus) for the DFFK. A total of 64% of patients
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chose the correct pictorial option, and 95% were within one pictorial option of the correct option
(Supplementary Table 1). The weighted kappa for DFFK was moderate (0.4; 95% CI: 0.22-0.58).

Patient choices did correlate with the mean goniometer measurements, but it was not possible to identify cut-off
points in terms of the progression of the pictorial patient selection and the corresponding increase in the
obtained ROM in goniometer measurement (Table 3). The Pearson correlation coefficient between picture
selection and the mean goniometer measurements for patients was 0.56 (95% CI: 0.40-0.68) for PF, 0.53 (95% CI:
0.37-0.66) for DFEK and 0.51 (95% CI: 0.35-0.64) for DFFK. Selections made by the doctor and the nurse correlated
better with the goniometer measurements than those made by patients; (0.64-0.81) for the doctor and (0.67-0.78)
for the nurse.
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In the Supplementary Files, the Danish validated version of CARS is presented with numbers added to the
individual pictures after validation, as suggested by patients. We have also added an English translation, which
has not been translated in a standardised way or been validated. Thus, the English version is not valid for
scientific use or in the daily clinic.

Discussion

This study shows that the CARS questionnaire can be used to obtain an indication of ankle ROM without the
physical attendance of the patient. It was developed and adapted by the relevant involvement of professionals
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and patients. It was validated thoroughly, and the correlation between patientsʼ pictorial choices and the mean
goniometer measurements made by professionals was fair to moderate [13]. However, doctors and nurses were
able to select the picture corresponding to the gold-goniometer measurements more accurately than patients,
and there was good agreement between the pictorial choices made by doctors and nurses [14]. In particular, the
middle spectrum of motion was complex for patients to identify in the pictures, as choices 4 and 5 in PF and 2
and 3 in dorsiflexion with a flexed knee were often used for the same degree of motion (Table 3). One patient
misunderstood the scale and turned the extremes around, indicating severe reduction in ROM while the ankle
was, in fact, moving normally (Table 3). The numbering of pictures, added in response to the uncertainties
identified during testing of CARS, can hopefully avoid such mistakes. For the individual patient, the risk of
overlooking a severe reduction in motion is therefore low when CARS is used as a measurement tool.

In clinical practice, a visual estimate instead of a goniometer measurement is often used to describe ankle ROM,
and how this is transferred to degrees may differ from person to person. Even when a goniometer is used, the
interobserver agreement for ankle ROM measures is poor [11] while moderate for CARS, and it is suggested that
the use of CARS in daily practice to indicate ankle ROM might function more uniformly.

Table 3 shows obscured thresholds for the pictorial choices in relation to goniometer measurements. This means
that CARS failed to define cut-off points between each pictorial selection and the corresponding goniometer
measurement, despite the good correlation between them, and it may therefore be meaningful to reduce the
photos for PF and DFFK to three choices each and DFEK to two. A similar reduction in the number of pictorial
choices was suggested in relation to the Copenhagen Knee ROM Scale, as it was difficult for patients to choose
between pictures with a less than 15° increment [15]. In addition, modifying the pictures with additional patient
input may enhance the correlation between CARS and goniometer measurements in version 2.0.

Based on the validity assessment, we suggest that the first and second pictorial options in PF and DFFK, and the
first pictorial option in DFEK, be used to identify patients who may need attention because of severe stiffness of
the ankle joint.

Although goniometers demonstrate good intra-rater reliability, inter-rater reliability consistently falls short [11].
One reason for this is that the landmarks used when the goniometer is positioned to some degree are covered by
soft tissues of textures varying between individual patients. The use of an inclinometer has been suggested to
increase measurement reliability [16]. However, this is more time-consuming and may not be practical in a busy
clinical setting. In addition, clinical measures are probably performed with less standardised methods than in
the present study, which will contribute to more inconsistency between raters and may cause a lower inter-rater
reliability. The standardised nature of the CARS makes it less susceptible to local variation in the precision of the
measurement. If CARS is used as an outcome measure in clinical studies, the obscured thresholds between
pictures will introduce a type-2 error. But this is also the case if goniometer measures from several observers are
used [11].

Limitations

It is a significant limitation that we were unable to identify and include patients with poor ankle ROM, which
means that it was not possible to calculate the sensitivity, specificity and positive/negative predictive values of
the tool. Also, test-retest reliability was not assessed. It is suggested that these issues be addressed in a future
CARS validation study.

Conclusions

The Copenhagen Ankle ROM Scale questionnaire can be used to obtain an indication of ankle ROM without the
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physical attendance of the patient and can be used to standardise ankle ROM measures in clinical practice.
However, because of weak thresholds to distinguish between pictorial options and the corresponding
goniometer measurement, individual measurements by the CARS must be regarded as rough indications of
ROM. It was not possible to calculate the sensitivity, specificity and positive/negative predictive values of the
tool. Further development with the involvement of patients with poor ROM may improve the validity of CARS
version 2.0.
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