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ABSTRACTABSTRACT

INTRODUCTION.INTRODUCTION. High tibial osteotomy (HTO) is used to treat medial knee osteoarthritis (OA). A simple clinical test to select
the patients most likely to benefit from the procedure was suggested by R. A. Teitge., MD, Professor Emeritus, a pioneer in
osteotomies. This study aimed to investigate the interrater reliability of the Teitge test.

METHODS.METHODS.  A reliability study was performed. The Teitge test consists of a varus stress test to provoke the patient’s known
symptoms, followed by a valgus stress test to simulate the realignment achieved by HTO. The test is considered positive if
valgus stress relieves pain. Two experienced orthopaedic surgeons performed the test. The inclusion criteria were
unicompartmental medial knee OA Kellgren-Lawrence type 2-3, pain at the medial joint line, varus malalignment > 5 degrees
and English or Danish proficiency. Reliability was determined using Cohen’s kappa (κ).

RESULTS.RESULTS. A total of 18 patients, mean age (± SD) 56.7 (± 8.7), male/female 6/12 were included. Agreement was found in 12/18
cases, resulting in κ = 0.22 (95% confidence interval (CI): −0.29-0.72). Due to a weighted number of positive test results (11/18
and 15/18, respectively) a prevalence and bias-adjusted kappa was applied, reaching κ = 0.33 (95% CI: −0.1-0.77).

CONCLUSIONS.CONCLUSIONS.  Fair agreement was found. We do not recommend the Teitge test for absolute decision-making, but it could be
a valuable contributor to the complex mechanics of decision-making. Clinicians should be careful when interpreting the test
due to the low interrater agreement.

FUNDING.FUNDING.  None.

TRIAL REGISTRATION.TRIAL REGISTRATION. Not relevant.

Knee osteoarthritis (OA) is a common disease worldwide. The incidence increases with age and the burden of OA
is rising [1]. OA involves degeneration of articular cartilage, leading to narrowed joint space and periarticular
bone changes, potentially inducing malalignment of the knee [2, 3]. In the case of unicompartmental OA and
malalignment, correction of the mechanical axis may reduce pain [4] and improve function [5]. Permanent
correction can be achieved by high tibial osteotomy (HTO) with a 77-98% satisfaction rate after more than ten
years of follow-up [6]. To increase the HTO success rate, it is essential to select the patients most likely to benefit
from the procedure. The criteria stated by the International Society of Arthroscopy, Knee Surgery and
Orthopaedic Sports Medicine (ISAKOS) are valuable and generally accepted, but a clinical test can possibly
complement the selection process to improve results. A simple clinical test to select the right candidates for HTO
was suggested by Robert A Teitge, MD, Professor Emeritus, a pioneer in osteotomy treatment, a test that has
remained unpublished until now.

This study aimed to describe the ʼTeitge testʼ and investigate its interrater reliability. We hypothesised that the
Teitge test has a high interrater reliability with a kappa value > 0.8.
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MethodsMethods

DesignDesign

This was a prospective interrater reliability study. Testing occurred at Hvidovre Hospital from 11 August 2020 to
11 February 2022. The reporting follows the Guidelines for Reporting Reliability and Agreement Studies [7].
Based on a legal assessment from the Centre for Regional Development, The Capital Region of Denmark, it was
concluded that the study did not require approval from the National Committee on Health Research Ethics in
Denmark.

PatientsPatients

Patients eligible for HTO were recruited during their appointment in the outpatient clinic at the Department of
Orthopaedic Surgery, Hvidovre Hospital. The inclusion criteria were unicompartmental medial knee OA
Kellgren-Lawrence type 2-3, pain at the medial joint line, varus malalignment > 5 degrees on long weight-bearing

X-rays, BMI 20-40 kg/m2, age 30-70 years and ability to communicate in English or Danish. We excluded patients
with lateral pain, mental illness, extension deficit (0 degrees), flexion deficit (90 degrees) of the knee or patients
who were physically unable to stand without support. The subjects were informed in writing and verbally before
signing a written consent form. None of the patients had prior experience with the test.

PreparationPreparation

A detailed description of the Teitge test was written and depicted by Robert A Teitge, MD, Professor Emeritus.
Based on the description, a detailed manual describing how to execute the test was developed. To standardise the
verbal instructions to the patient, the manual contained a written patient instruction to be read aloud by the
investigator during the test (SupplementarySupplementary  materialmaterial). The investigators practised the test together by
performing it on five healthy individuals to standardise the techniques.

The Teitge testThe Teitge test

The Teitge test was designed to simulate the rearrangement of the mechanical axis as achieved by HTO. It
consists of a varus stress test followed by a valgus stress test. The varus test loads the medial compartment,
provoking the known medial OA symptoms. The valgus test repositions the knee into a neutral mechanical axis,
thereby unloading the medial compartment and relieving symptoms. Testing was performed on the
asymptomatic or less symptomatic knee before assessing the knee of interest.

The test was performed as described below:

Before testing, two lines were marked on the floor 30 cm and 45 cm from the wall (Figure 1Figure 1 A).
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Varus testVarus test

The patient was placed sideways to the wall with the leg that would be tested closest to the wall. The inner foot
was placed on the inner line with the ipsilateral shoulder leaned against the wall. The contralateral outer foot
was lifted from the ground, putting full weight on the tested leg. The tip of the toes of the contralateral leg was
allowed to touch the floor to support balance (Figure 1 B).

Step 1: The patient was instructed to perform a single leg squat in this position with the widest range of motion
(ROM) possible (Figure 1 C).

Step 2: The investigator manually applied firm pressure to the medial side of the knee, producing varus stress
and loading the medial compartment. At the same time, the patient was instructed to perform a single leg squat
with the widest ROM possible (Figure 1 D + E).

Valgus testValgus test

The patient was turned 180 degrees and placed with the foot of the tested leg on the outer line. The contralateral
shoulder was leaned against the wall. The contralateral inner foot was lifted from the ground, putting full weight
on the tested leg. The tips of the toes of the contralateral leg were allowed to touch the floor to support balance
(Figure 1 F).

Step 3: The patient was instructed to perform a single leg squat in this position with the widest ROM possible.

Step 4: The investigator manually applied firm pressure to the lateral side of the knee, unloading the medial
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compartment. At the same time, the patient was instructed to perform a single leg squat with the widest ROM
possible (Figure 1 G + H).

After the last squat, the investigator asked the patient the standardised question: ʻDid you experience a
significant relief in symptoms from the inner part of your knee when doing the last squat?ʼ The test was
considered to be positive if the patient gave a clear indication of symptom relief. An ambiguous answer was
considered a negative test result.

Reliability testingReliability testing

Reliability testing was performed by two experienced orthopaedic surgeons with more than ten years of
experience with knee surgery. Testing was done independently, and the investigators were blinded to each
otherʼs results. Patients were not informed of the test result and were asked not to disclose any details from their
first test. Both tests were completed on the same day. Results were noted in separate scorecards that were
collected and kept by the primary investigator.

Statistical analysisStatistical analysis

Reliability was calculated as Cohenʼs kappa (κ) : κ = (po – pc)  / (1 – pc)

po = observed agreement and pc = agreement expected by chance.

The kappa value reflects the agreement between raters, with a value from −1 to +1, where 1 represents perfect
agreement, and 0 represents the agreement expected from random chance. κ = 0.10-20 indicates slight
agreement, κ = 0.21-0.40 indicates fair agreement, κ= 0.41-0.60 moderate agreement, κ = 0.61-0.80 substantial
agreement and κ = 0.80-1 almost perfect agreement [8].

To adjust for prevalence and bias, prevalence-adjusted bias-adjusted kappa (PABAK) was calculated as a
secondary analysis [8].

Sample sizeSample size

The estimated sample size was calculated using the minimum sample size requirements guidelines for Cohenʼs
Kappa [9]. As the test is based on simple biomechanics and given the senior investigatorsʼ experience, we
expected high agreement. Therefore, we hypothesised that the Teitge test would demonstrate a kappa value
above 0.80 and and that it would perform significantly better than chance (null hypothesis κ = 0.0). With a power
of 90%, an estimated proportion of positive ratings of 0.5 and a p value of 0.05, the estimated required sample
size was 14 subjects.

Trial registration: not relevant.

ResultsResults

A total of 19 patients were included. One patient was subsequently excluded from analysis due to confusion
regarding the side of the knee tested, resulting in 18 cases (six female and 12 male) for further analysis. The

mean age was 56.7 (standard deviation (SD): ± 8.7) years and the mean BMI was 29.2 (± 3.5) kg/m2. Investigator A
had 11 positive test results and seven negatives. Investigator B had 15 positive test results and three negatives.
The investigators agreed on a positive test result in 10/18 cases, a negative test result in 2/18 cases and disagreed
in 6/18 cases (FigureFigure  22). The observed agreement between the two investigators was 12/18 (67%).
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The interrater reliability for the Teitge test was k = 0.22 (95% confidence interval (CI): −0.29-0.72). Due to a
weighted number of positive test results (11/18 and 15/18, respectively) the PABAK was applied, reaching κ = 0.33
(95% CI: −0.1-0.77).

DiscussionDiscussion

This is the first study to introduce and rigorously define the Teitge test developed to select the patients who will
most likely benefit from HTO. The most important finding was the testʼs surprisingly low interrater reliability,
with a kappa value of 0.22 and a PABAK of 0.33.

HTO was shown to reduce pain, increase function and delay the need for a total knee replacement (TKA) for up
to more than 15 years in patients suffering from isolated medial OA and malalignment [2, 5, 6, 10]. HTO
preserves the joint, and there are no absolute activity restrictions compared to TKA and unicompartmental knee
replacement (UKA). This makes HTO a valuable treatment for younger patients with high activity demands [2,
10, 11]. The physiological mechanical axis passes from the hip's centre through the knee's centre. Varus
malalignment leads to a shift of the weight-bearing line to pass through and load the medial compartment,
inducing medial OA progression [3, 12]. Medial opening wedge osteotomy and lateral closing wedge osteotomy
permanently correct the malalignment and unload the medial compartment, reducing pain and possibly slowing
down OA progression. Return to sport and return to work rates in patients undergoing HTO were reported to be
75% and 80%, respectively [11]. These numbers leave room for improvement. Despite improving the surgical
technique, selecting the patients most likely to benefit from the procedure is important to increase the success
rate. Until now, non-obese patients with OA, medial joint line pain, varus malalignment of the knee have
generally been considered suitable HTO candidates [13]. Some clinicians consider physical activity levels and
physiological age, as patients who are less active or physiologically older may benefit more from UKA [13, 14].
The guidelines were stated by ISAKOS in 2005, and no significant adjustments have subsequently been
introduced.

Unloading knee braces establish temporary axis realignment and have been reported to relieve pain and
improve physical function in patients with medial OA and varus malalignment [4, 15], but evidence is
inconclusive [16]. In the literature, unloading knee braces have also been suggested to predict HTO pain relief
outcomes. A study found a decrease in VAS scores for 29 patients with a positive knee brace test following HTO,
although the difference was not statistically significant [17]. The study was limited by not having a control group
and by the risk of selection bias as not all patients who benefitted from knee brace treatment underwent HTO.
Wearing a knee brace can be uncomfortable, and the evaluation process is more time-consuming than the Teitge
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test.

The Teitge test is a practical clinical procedure that mimics the effect of axis realignment achieved from HTO.
The test is meant as a supplement to clinical history and examination.

The low interrater reliability for the Teitge test is in line with that of other well-known physical examination tests
used in everyday clinical work. When examining for meniscal pathology, McMurrayʼs test has kappa values
ranging from 0.16 to 0.38, and the values for joint line tenderness range from 0.11 to 0.25. Among meniscus tests
only, the Thessaly test is more reliable with an interrater kappa value of 0.54 (95% CI: 0.37-0.72) [18]. The same
problem applies to examination tests for shoulder pathology. Only the Full-can-test has been found to have a
good interrater reliability. The remaining tests have kappa values ranging from 0.25 to 0.54, representing fair to
moderate agreement [19]. Thus, most generally accepted and widely used physical examination tests only have
fair to moderate reliability, in line with the finding for the Teitge test. This is discouraging, but no other test has
proven to be a better alternative.

Consensus is lacking concerning what may be considered an acceptable kappa value for a test to be reliable in a
clinical setting. Clinicians commonly acknowledge that test results should be interpreted and weighted
according to each individual patient. Regarding the kappa value, clinical decision-making should always rely on
a combination of clinical examination, patient history and professional experience and knowledge. The Teitge
test can contribute by adding information about the patientʼs pain level and testing the effect of unloading the
medial compartment mechanically. We do not recommend the Teitge test for absolute decision-making but find
it valuable as an addition to the clinical examination. When selecting candidates for HTO based on the ISAKOS
guidelines from 2005, the Teitge test may serve as a supplement. The test also holds potential for further
development and evaluation.

LimitationsLimitations

Due to the small sample, few cases can considerably affect the result. The uneven case distribution contributes
to a low kappa value, the so-called Kappa paradox. Additionally, part of the Teitge test is a provocation test, and
we cannot exclude the possibility of symptom exacerbation after the first test. This would potentially interfere
with the subsequent test results. The investigators had no prior experience with the test. Even though they
practised on five individuals together and used a written standard description, they might have executed the test
slightly differently. Cibere et al. assessed the reliability of physical examination of the OA knee and the effect of
standardisation. They showed an improvement in reliability for several of the 42 physical examination signs
following a comprehensive standardisation process [20]. Further standardisation would potentially also have
improved our results.

ConclusionsConclusions

Fair agreement was found for the Teitge test, which therefore require careful interpretation. The test is not
recommended for absolute decision-making but may supplement the ISAKOS guidelines when selecting
candidates for HTO.
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