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INTRODUCTION

Knee osteoarthritis (KOA) is a prevalent disease and one of the leading causes of disability 
globally.[1] Current clinical practice guidelines for managing KOA highlight the importance of 

ABSTRACT
Objectives: Goniometry is a low-cost, high-access measure of frontal knee alignment in people with knee 
osteoarthritis (KOA). Previous literature has demonstrated the clinical relevance of measuring knee alignment; 
however, the reliability and associated measurement error of goniometer methods have not been adequately 
investigated. We sought to evaluate the reliability and measurement error of goniometric measurement of frontal 
alignment of the knee in standing individuals with KOA.

Methods: An intra-  and inter-rater reliability study design was conducted. Twenty-six individuals with KOA 
based on clinical and radiological diagnosis criteria were recruited at a tertiary hospital health service. Frontal 
knee alignment was measured by two examiners (Examiner A, an experienced physiotherapist, and Examiner 
B, a final-year pre-registration physiotherapy student). Each examiner independently recorded two measures. 
Reliability, measurement error, and limits of agreement were evaluated using Intraclass Correlation Coefficients 
(ICCs; 3, k), standard error of measurement (SEM), and Bland–Altman plots, respectively.

Results: Excellent intra- (ICC = 0.99) and inter-rater reliability (ICC = 0.96) were demonstrated. Inter-rater SEM 
was 1.20°, while intra-rater SEM ranged between 0.58 and 0.59° for each examiner (MDC95 Examiner A: 1.64°, 
MDC95 Examiner B: 1.61°). Bland–Altman plots revealed LOA95 of, at worst, 5.8° between examiners and 2.4° for 
individual raters.

Conclusion: This study demonstrated excellent reliability (intra-  and inter-rater) of goniometric frontal knee 
alignment measurement in people with KOA. However, to ensure high levels of reliability, measurement methods 
of alignment need to be standardized between practitioners so that clinical decisions can be confidently made 
based on this measure.
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land-based exercise and weight loss (when appropriate) as 
key elements of a non-surgical approach.[2] It has a complex 
and multifactorial etiology, with genetic, anatomical, and 
mechanical determinants likely influencing disease onset 
and progression.[3] Various patient characteristics may also 
impact non-surgical treatment response.[4]

Frontal knee alignment has typically influenced surgical 
decision-making[5] as well as exercise selection[6] 
for individuals with KOA. In addition, frontal knee 
malalignment has been associated with a poor outcome 
following non-surgical care,[4] increased likelihood of disease 
progression,[7-9] and progression to total knee arthroplasty.[10] 
Therefore, frontal knee plane alignment assessment appears 
clinically indicated to inform management decision-making 
in KOA.

Full limb radiographs are commonly accepted as the gold 
standard to assess frontal knee alignment, where the knee 
mechanical axis is calculated from the intersecting lines 
formed from the femoral axis (center of the femoral head 
to the center of the femoral intercondylar notch) and the 
tibial axis (center of the tibial spines to the center of the 
ankle).[11,12] However, these are costly, require specialized 
equipment, and are not routinely collected as part of first-
line management strategies. Goniometer measures of frontal 
knee alignment present a readily accessible and cost-effective 
method of measuring alignment to inform non-surgical 
decision-making. Studies exploring the relationship of 
goniometric measures to radiographic methods are mixed. 
A poor relationship (r = 0.32) was observed between a long-
arm goniometer measure and the mechanical axis utilizing 
the patellar tendon below the knee as the distal landmark.[13] 
Stronger associations have been demonstrated when the fixed 
arm of the goniometer is aligned to the center of the ankle, 
with correlations ranging from r = 0.50 to r = 0.70.[11,14,15] 
However, the reliability of these measures has been poorly 
investigated. Previous literature has established reliability 
for knee alignment ranging from Intraclass  Correlation 
Coefficient (ICC) 0.79–0.99. However, these studies have 
utilized landmarks that demonstrate a poor relationship 
to the mechanical axis[13,16] and/or were limited to either 
intra- or inter-rater measures.[11,13,14,16] In addition, no studies 
were identified that quantified the associated standardized 
error of the measurement (SEM), minimal detectable change 
(MDC), or limits of agreement (LOA).

This study aimed to establish the reliability, associated 
measurement error, and LOA of goniometric measurement 
of frontal knee alignment in standing in individuals with 
KOA. To establish the reliability across different experience 
levels of practitioners, we secondly aimed to compare 
measurement agreement between a final-year pre-registration 
physiotherapy student and an experienced physiotherapist. 
It was hypothesized that good excellent intra-rater and 

inter-rater reliability (≥0.75) would be observed, with greater 
intra-rater reliability for the experienced physiotherapist.

MATERIALS AND METHODS

Study Design

An intra-and inter-rater reliability study was conducted, 
nested within a larger multi-site prospective longitudinal 
study investigating the validity of a clinical nomogram 
to predict the outcome of conservative multidisciplinary 
treatment of KOA.[17] This study accorded with strengthening 
the reporting of observational studies in epidemiology 
(STROBE) and guidelines for reporting reliability and 
agreement studies (GRRAS) guidelines.[18,19] Participants 
provided written informed consent.

Participants

Participants were recruited within a physiotherapy-led 
advanced practice orthopedic service in a tertiary hospital 
in Brisbane, Australia. Eligibility for participation was 
assessed by an advanced musculoskeletal physiotherapist and 
based on clinical diagnostic criteria for KOA,[20] including 
persistent knee pain on most days for at least 1  month in 
the preceding year, morning stiffness limited to <30  min, 
functional limitation, and radiological signs of KOA (based 
on radiology report or clinician’s judgment). Participants 
were excluded if they presented with potentially serious 
medical conditions (red flags), knee pain referred from the 
hip or back, active inflammatory conditions, were likely 
to be aggravated by conservative treatment due to severity 
of symptoms, significant neurovascular involvement, or if 
specialist medical consultation was specifically requested. In 
cases where both knees were affected, the most problematic/
severe knee was assessed for the purposes of this study.

Sample size estimation

Based on previous goniometry reliability studies, a minimum 
sample of 20 participants was considered satisfactory to 
address the research aims.[21,22] In addition, it was estimated 
that 18.4 participants would be sufficient to achieve 
significance (P < 0.05) with two raters (using 80% power) 
given minimally acceptable and ideal ICC values of 0.7 and 
0.9, respectively.[23] Additional participants were recruited to 
enhance the generalizability of findings while also accounting 
for potential incomplete data or participant dropout.

Goniometry measurement of frontal knee alignment

The measure of frontal knee alignment was performed 
in standing using a standard universal goniometer. The 
goniometer axis was placed over the center of the patellar, with 
the moving arm aligned to the anterior superior iliac spine 
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(ASIS) and the stationary arm aligned at the center of the 
ankle [Figure 1].[4,11] Each examiner identified the respective 
landmarks through palpation. The measured knee angle was 
recorded as either neutral (0°), varus (+°), or valgus (−°).

Procedure

An experienced musculoskeletal physiotherapist with 16 years 
of clinical experience [Andrew Hislop (AH)] and a final-year 
pre-registration physiotherapy student with <1-year of clinical 
experience [Thiv Rodrigo (TR)] recorded the measurements. 
Before testing, both examiners practiced landmark palpation, 
goniometer arm placement, and angle measurement 
recording together to ensure familiarity with the method and 
standardization of the measurement procedure.

Frontal knee alignment measures were undertaken during 
the participant’s routine initial consultation in the service. 
Each assessor recorded two measurements and was blinded 
to each other’s measurements by leaving the examination 
room. Participants were asked to march on the spot before 
putting equal weight through their legs before the first 
measurement was recorded. Participants were instructed to 
refrain from using external mobility aids during this process. 
Measurements were obtained in the same session to reflect 
clinical applicability, and examiners were not blinded to 
their initial measurement. However, they were instructed 
not to look at the goniometer measurement until they were 
satisfied that the landmarks were accurately aligned. The 
second measurement by each examiner was taken 5 minutes 
following the first measurement. The initial assessor then 
exited the room, and the second assessor repeated the 
process. To reduce measurement bias, the order of testing 
between assessors was randomized.

Statistical analysis

Descriptive statistics (group mean, standard deviation, 
and 95% confidence intervals) were computed. ICC and 
SEM (absolute reliability) indices were used to calculate 
the reliability coefficients (intra-  and inter-rater) for 
the repeated knee angle measurement.[24] As the same 
raters were used to determine reliability, ICC values were 
determined from a two-way mixed effects model (ICC 3, 
k)[25,26] with absolute agreement and interpreted as poor 
(<0.5), moderate (0.5–0.75), good (0.75–0.9), or excellent 
(>0.90) reliability.[27] Each examiner’s two measures were 
used to calculate their intra-rater reliability, while inter-rater 
reliability was determined using the mean of each examiner’s 
measurements. The SEM was calculated using the formula:
SEM Standard Deviation*( 1 )ICC= − .[28] The MDC95 was 
calculated using the formula: MDC SEM 1.96 2= × × .[29] Paired 
samples t-tests were used to evaluate examiner scores for 
systematic differences. Bland–Altman plots with 95% LOA95 
were used to provide an indication of variation between 
testers, with the experienced examiner (Examiner A) deemed 
the reference standard. Analyses were conducted using the 
IBM Statistical Package for the Social Sciences Statistics 26 
(IBM, New York, USA).

RESULTS

Twenty-six adults (10  females) (mean [standard deviation 
(SD)] age of 62.3 [9.8] years) participated, with a mean (SD) 
body-mass index (BMI) of 32.4 (6.79) kg/m2. Participants, on 
average, had a varus alignment (experienced physiotherapist 
2°, physiotherapy student 0.9°), with a measurement range of 
−13° (valgus) to 16° (varus).

Reliability between examiner A and B

Reliability findings (inter-  and intra-rater) are summarized 
in Table 1. Inter-rater reliability was excellent (ICC 3, k: 0.96) 
with an SEM of 1.20°. Intra-rater reliability of both examiners 
was near identical (ICC 3, k: 0.99), with calculated SEM 
ranging from 0.58° to 0.59°.

The paired samples t-test demonstrated a small but significant 
systematic difference between raters (mean difference 1.13°, 
P = 0.02), with examiner A recording scores that were slightly 
higher in the varus direction. The Bland–Altman plot of 
agreement between both examiners is seen in Figure 2, 95% 
LOA ranged from −3.52° to 5.79°.

DISCUSSION

This study sought to establish the within-session reliability 
and associated measurement error of a frontal knee alignment 
measure using a goniometer in people with KOA. Overall, 
the goniometer method demonstrated excellent levels of 

Figure 1: Goniometric measurement 
of frontal knee alignment with 
anatomical landmarks annotated. 
ASIS: Anterior superior iliac spine.
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reliability, including inter-rater (between an experienced 
physiotherapist and physiotherapy student) and intra-rater 
reliability. This, combined with small SEM values and LOA 
that were at worst 5.79°, suggests that the goniometry method 
described in this study is suitable for clinical use both between 
and within assessors.[30]

The results obtained in this study are consistent with other 
studies investigating the reliability of frontal plane knee 
alignment in similar populations.[13,14,16] The reliability 
of frontal knee alignment appears to be higher when the 
measurement procedure is standardized,[16] which was 
reflected in our study’s excellent agreement. However, it is 
noted that a small but statistically significant systematic bias 
(1.13°) was observed, with the more experienced examiner 
generally recording values that were slightly more varus in 
direction. We also utilized averaged measures for assessing 
inter-rater reliability that may lead to higher agreement 
and should be considered by clinicians performing the 
measurement. Excellent intra-rater reliability was seen 
irrespective of experience level, consistent with other studies 
demonstrating no significant differences in goniometry 
reliability across practitioners of varying skill levels.[21,31]

This study aligned the goniometer axis to the center of the 
patella, aligning the two arms to the ASIS superiorly and the 

center of the ankle inferiorly, consistent with other studies.[4,11] 
As the arms of the goniometer do not reach the superior 
and inferior landmarks in this method, visual alignment by 
each examiner is required and some measurement error was 
anticipated. Further, measurement error was expected given 
our cohort’s high average BMI (32.4kg/m2), with increased 
weight a factor increasing discrepancy when palpating the 
ASIS.[32] Despite this, calculated reliability was greater than 
that of a previously described method utilizing the patellar 
tendon and mid-thigh as landmarks.[13] This may indicate that 
the potential error introduced through visual alignment and/
or increased adiposity is offset using landmarks at a greater 
distance from the axis center. The error introduced through 
palpation or malalignment translates to smaller angular 
changes as the distance from the axis center increases.

From a clinical perspective, the findings of this study indicate 
acceptable consistency with a between-rater SEM of 1.20°. 
O’Leary et al. found a greater degree of knee varus to be 
associated with a poorer outcome following conservative 
treatment of KOA. Specifically, those with a poor response 
had an average frontal knee varus angle of 1.84°, while those 
with a good response had a valgus angle of 2.11°.[4] Although 
the SEM coefficient observed in this present study is smaller 
than this responder difference (total 3.95°), the upper LOA 
between examiners (5.79°) highlighted potential challenges 
in discriminating response in individuals with small 
differences in frontal alignment, which would introduce 
some uncertainty and would require consideration in 
clinical decision-making. However, these limits are broadly 
consistent with 5° cutoff values predictive of deteriorating 
physical function and pain in KOA when evaluating knee 
malalignment using full limb radiographs.[12] This potential 
uncertainty would also be reduced in the case of a single 
examiner, with SEMs of 0.58–0.59°. A  calculated MDC 
of 3.33° (1.61–1.64° for within raters) provides additional 
information regarding the utility of the goniometer method 
for undertaking repeated measures over time to evaluate 
potential disease progression.

This study has strengths and limitations. It was undertaken 
in a clinical environment within the constraints of normal 
clinical time, in a cohort with a high BMI, enhancing the 
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Figure 2: Bland–Altman scatterplot for agreement between Examiner 
A and B. Black dots represent the difference in measurements between 
examiners for individual participants, while the blue line represents 
the mean difference. Upper and lower limits of agreement (ULOA and 
LLOA) are represented by the upper and lower dashed lines, respectively.

Table 1: Inter-rater and intra-rater reliability.

Variables ICC (3,k) 95% CI of ICC (3, k) P-value SEM (°) MDC (°)
Inter-rater reliability 0.96 0.91–0.98 <0.05 1.20 3.33
Intra-rater reliability

Examiner A 0.99 0.98–0.99 <0.05 0.59 1.64
Examiner B 0.99 0.98–0.99 <0.05 0.58 1.61

The ICC (3, k) and accompanying 95% confidence interval ranges are provided with the SEM and MDC values. P-value denotes the significance of the 
ICC (3, k), with values <0.05 representing significance. Examiner A (experienced Physiotherapist). Examiner B (Physiotherapy student). ICC: Intraclass 
correlation coefficients, SEM: Standard error of the measurement, MDC: Minimal detectable change, CI: Confidence interval
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generalizability of the findings to a clinical context. However, 
examiners were not blinded to their initial measurement, and 
these were completed within-session, leading to potential 
overestimation of the intra-rater reliability due to bias from 
examiners recording their second measurement close to 
their first. However, the risk was mitigated by requesting the 
examiners to avoid looking at the goniometer measurement 
until the final alignment had been determined. While 
adequately powered, the study also had a relatively low 
sample size and future studies should seek to confirm the 
findings on a larger scale, including subgroup analyses such 
as sex and BMI, within clinical populations with other lower 
limb conditions, and including between-session evaluations 
of reliability.

CONCLUSION

This study established that frontal knee alignment measured using 
a universal goniometer in individuals with KOA has excellent 
intra-  and inter-rater reliability. The findings suggest that the 
method described in this study has potential clinical application 
when used by different practitioners. Some measurement errors 
were demonstrated and should be considered when making 
clinical decisions based on this measure.

Recommendation: Goniometer-based assessment of frontal plane 
knee alignment in standing provides reliable measurements in 
clinical settings with small measurement errors. Some care should 
be taken when interpreting small differences between raters. 
Further research should be conducted to evaluate these findings in 
a larger sample.
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