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Abstract
BACKGROUND 
Numerous anterior cruciate ligament (ACL) clinical outcome measures exist. 
However, the result of one score does not equate to the findings of another even 
when evaluating the same patient group.

AIM 
To investigate if statistically derived formulae can be used to predict the outcome 
of one knee scoring system when the result of another is known in patients with 
ACL rupture before and after reconstruction.

METHODS 
Fifty patients with ACL rupture were evaluated using nine clinical outcome 
measures. These included Tegner Activity Score, Lysholm Knee Score, Cincinnati 
Knee Score, International Knee Documentation Committee (IKDC) Objective Knee 
Score, Tapper and Hoover Meniscal Grading Score, IKDC Subjective Knee Score, 
Knee Outcome Survey - Activities of Daily Living Scale (KOS-ADLS), Short Form-
12 Item Health Survey and Knee Injury and Osteoarthritis Outcome Score. Thirty-
four patients underwent an ACL reconstruction and were reassessed post-

https://www.f6publishing.com
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operatively.

RESULTS 
The mean total of each of the nine outcome scores appreciably differed from each other. Significant 
correlations and regressions were found between most of the outcome scores and were stronger 
post-operatively. The strongest correlation was found between Cincinnati and KOS-ADLS (r = 
0.91, P < 0.001). The strongest regression formula was also found between Cincinnati and KOS-
ADLS (R2 = 0.84, P < 0.001).

CONCLUSION 
The formulae produced from this study can be used to predict the outcome of one knee score 
when the results of the other are known. These formulae could facilitate the conduct of systematic 
reviews and meta-analysis in studies relating to ACL injuries by allowing the pooling of substan-
tially more data.

Key Words: Anterior cruciate ligament; Prediction; Regression; Correlation; Patient reported outcome 
measures; Reconstruction; Rupture

©The Author(s) 2022. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Numerous anterior cruciate ligament (ACL) knee scoring systems exist in the literature. 
However, the result of one outcome measure does not equate to the findings of another even when 
evaluating the same patient group. Comparing the results of studies that have investigated the same field 
but have used different outcome measures then becomes problematic. These restrictions are especially 
pronounced when researchers attempt to pool data from the published literature for the purpose of 
statistical analysis in the context of meta-analysis and systematic reviews. The formulae produced from 
this study can be used to predict the outcome of one knee score when the results of the other are known. 
These formulae could facilitate the conduct of systematic reviews and meta-analysis in studies relating to 
ACL injuries by allowing the pooling of substantially more data.

Citation: Al-Dadah O, Shepstone L, Donell ST. Patient reported outcome measures in anterior cruciate ligament 
rupture and reconstruction: The significance of outcome score prediction. World J Clin Cases 2022; 10(30): 
10939-10955
URL: https://www.wjgnet.com/2307-8960/full/v10/i30/10939.htm
DOI: https://dx.doi.org/10.12998/wjcc.v10.i30.10939

INTRODUCTION
Patient reported outcome measures (PROMs) can be used to determine injury severity and evaluate the 
effectiveness of treatment. PROMs can quantify the end results of interventions and focus on the 
patients’ experiences, preferences and values. Clinical outcome scores have an important academic and 
clinical role in all fields of medicine as they are patient centred. PROMs can assess impairment and 
disability. Impairment is the physiological or anatomical loss or abnormality of structure or function at 
the organ level (i.e. reduced range of joint movement or increased joint translation). Disability is the 
functional limitation consequent to impairment which restricts the ability to perform certain activities (
i.e. walking, running, participating in sport). Handicap is the physical disadvantage incurred in the 
context of the individual as a result of impairment and disability[1]. An anterior cruciate ligament 
(ACL) rupture can give rise to excessive knee joint laxity (impairment) which can result in difficulty 
with fast cutting actions (disability) and so can be a handicap for a professional athlete but not 
necessarily for a sedentary office worker. Outcome measures (also known as instruments) often take the 
form of questionnaires which include a standardised set of questions and response choices which yield 
data that are amenable to further statistical analysis. Each questionnaire is comprised of a series of 
items. Each item represents a single question or statement along with its standardised set of responses. 
The final scores in many instruments are usually calculated by summing the answers to each of the 
individual question items. The total scores in some outcome measures can be graded and expressed as 
excellent, good, fair or poor.

PROMs can be broadly categorised into generic, disease-specific, clinician-completed and patient-
completed instruments. The use of these instruments in clinical research allows the patients’ perspective 
to be taken into consideration when investigating a disease process or evaluating the results of an 
intervention. Although traditionally end-points such as plain radiographs, measured ligament laxity 

https://www.wjgnet.com/2307-8960/full/v10/i30/10939.htm
https://dx.doi.org/10.12998/wjcc.v10.i30.10939
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Table 1 Demographics of subjects

ACL patients (n = 50)

Mean Age (yr) (SD) 30 (9)

Male:Female 36:14

Injured knee (Right:Left) 24:26

Mean height (m) (SD) 1.72 (0.1)

Mean weight (kg) (SD) 78.1 (14.4)

Mean BMI (kg/m2) (SD) 26.2 (3.8)

ACL: Anterior cruciate ligament; BMI: Body mass index; SD: Standard deviation.

and clinical findings have been used as the primary outcome measures, an increasing emphasis on the 
use of health-related quality of life instruments is emerging in the conduct of clinical trials. This is 
reflected by the dramatic increase in the number of validated clinical outcome measures reported in the 
literature today.

Between 1984 and 1997 over 200 articles were published relating to ACL injuries according to a 
review article[2]. There were 54 distinctly different outcome measures identified that were specifically 
designed for assessing ACL injuries. This indicates that there is no single agreed ‘gold standard’ PROM 
relating to ACL outcome research. O’Donoghue[3] described the first outcome score used to assess the 
results of ACL surgery in 1955. This was a clinician-completed rating scale which included an objective 
examination and a 100-point questionnaire completed by the interviewer. In order to evaluate patients 
with ACL injuries, many more individual clinical outcome measures have been created.

As a result, numerous ACL knee scoring systems exist in the literature. However, the result of one 
outcome measure does not equate to the findings of another even when evaluating the same patient 
group. In a prospective study, Bollen et al[4] assessed a group of patients with ACL injuries and found 
that the subjects scored consistently higher on the Lysholm knee score than on the Cincinnati score. 
Other authors[5,6] have found similar discrepancies among comparisons of various other validated 
knee outcome scores.

We conducted a prospective longitudinal study analysing PROM data in patients with ACL rupture 
before and after reconstructive knee surgery. The primary aim of this study was to assess the statistical 
correlation between all the clinical outcome scoring systems. The secondary aim of this study was to 
investigate if statistically derived formulae from regression analysis can be used to predict the outcome 
of one knee scoring system when the result of another is known.

MATERIALS AND METHODS
Full approval was received for the study from the Research Ethics Committee and the Research 
Governance Committee. All subjects signed informed consent forms to participate. This therapeutic 
study is a prospective longitudinal cohort study and formed part of the first author’s Doctorate thesis. 
Some data points in this study also served as data in the therapeutic arm of another case-control study 
submitted for publication.

A total of 50 subjects were recruited to the study. Their demographics are detailed in Table 1. The 
mean time from injury to clinic review was 63 wk (SD = 59). An ACL rupture was diagnosed by clinical 
history and examination and MRI scan of the injured knee for all patients. The diagnosis was confirmed 
at the time of knee arthroscopy. Clinical history and examination confirmed a normal contra-lateral 
knee. The flow of patients through the study is illustrated in Figure 1. Four patients with delayed 
surgical intervention postponed their operation for personal reasons (i.e. work or university 
commitments). Of the 34 patients who underwent ACL reconstruction, 25 had an ipsilateral middle 
third bone-patella tendon-bone autograft and nine had an ipsilateral quadrupled hamstring autograft. 
At the time of surgery 11 patients were found to have a concomitant medial meniscal tear, eight patients 
had a lateral meniscal tear and 11 patients had both a medial and a lateral meniscal tear. The mean time 
to follow-up was 14 wk (SD = 4) following surgery.

Inclusion criteria were subjects 16 to 45 years of age. Exclusion criteria included patients with a 
concomitant posterior cruciate ligament, medial collateral ligament or lateral collateral ligament tear of 
the knee, significant history of ankle or hip pathology, lumbar spine symptoms (including radicu-
lopathy in either limb), neurological or vestibular disease, diabetes or regular use of opiate analgesics.

A total of nine clinical outcome measures were used in this study. Five were clinician-completed 
instruments and four were patient-completed instruments. These instruments were chosen because they 
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Figure 1 Flow of subjects through the study. ACL: Anterior cruciate ligament.

are the most commonly used in the literature with the exception of the Tapper and Hoover Grading 
Score which was included as it is the only outcome measure specifically developed to assess meniscal 
injuries. All of the above clinical outcome measures have been validated for use in assessing patients 
with knee injuries. The clinician-completed knee scores were undertaken at the time of the subjects’ 
attendance at the research clinic. The patient-completed knee scores were mailed to the subjects approx-
imately 7 d prior to their attendance at the research clinic. Therefore, the participants completed these 
outcome measures in their own time and provided a completely uninfluenced evaluation and 
perception of their functional knee impairment. All subjects were assessed with these outcome measures 
at baseline (pre-operatively) and reassessed post-operatively (for the subjects who were followed-up 
after surgery).

The patient reported outcome measures investigated in this study included: Tegner Activity Score[7]; 
Lysholm Knee Score[7]; Cincinnati Knee Score[8-10]; International Knee Documentation Committee 
(IKDC) Examination Score[11,12]; Tapper and Hoover Meniscal Grading Score[13] (T&H); IKDC 
Subjective Knee Score[14,15]; Knee Outcome Survey - Activities of Daily Living Scale[16] (KOS-ADLS); 
Short Form - 12 Item Health Survey[17] (SF-12); Knee Injury and Osteoarthritis Outcome Score[18,19] 
(KOOS).

Statistical analysis 
A post-hoc power calculation for this study was derived from the results of the longitudinal within-
group data of the Lysholm score as detailed in Table 2. The sample size of 34 subjects based on a 
conventional type I error of 5% with a within-group mean difference of 13.6 and a within-group 
standard deviation of 12.8 yielded a statistical power calculation of 99.1% for this study. All continuous 
data variables displayed a normal distribution as verified by both plotted histograms and the Shapiro-
Wilks test. The results were evaluated using the Pearson product moment correlation test and the linear 
and multiple linear regression tests to analyse the continuous variables. The results of both the IKDC 
Examination score and the T&H score were categorical ordinal variables and the appropriate non-
parametric statistical test (Spearman rank-order correlation test) was used for their analysis. The level of 
statistical significance was set at P < 0.05. Statistical analysis was performed using SPSS for Windows 
version 25.0 (IBM Corp., Armonk, NY, United States). The power calculation was performed using 
Minitab statistical software version 19 (Minitab LLC, State College, PA, United States).

RESULTS
The mean and mode averages for each of the clinical outcome measures (continuous and categorical 
variables respectively) are displayed in Table 2.

Table 3 presents the results of the correlation analysis between each of the knee outcome scores 
(continuous variables) pre-operatively. In general, a significant correlation was found between most of 
the knee outcome scores with the strongest correlation being between the Lysholm and the Cincinnati 
scores. The SF-12 mental component summary (MCS) was found to be the weakest correlate variable 
overall.

Table 4 presents the results of the correlation analysis between each of the knee outcome scores 
(categorical with continuous variables) pre-operatively. The Tapper and Hoover Meniscal Grading score 
was found to have a significant correlation with all of the knee outcome scores except for the SF-12 MCS 
score. The IKDC examination score had a poorer correlation with all the knee outcome scores compared 
to the Tapper and Hoover Meniscal Grading score. There was also no correlation found between the 
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Table 2 Results of knee outcome scores

Pre-operative (n = 50) Post-operative (n = 34)

mean ± SD mean ± SD

Tegner 3.3 (1.2) 4.1 (0.9)

Lysholm 71.7 (12.8) 85.3 (10.5)

Cincinnati 62.6 (14.7) 75.9 (9.2)

IKDC Sub. 51.5 (17.0) 58.1 (15.6)

KOS-ADLS 71.9 (20.5) 76.5 (14.3)

SF-12 PCS 41.8 (9.1) 43.2 (10.0)

SF-12 MCS 51.3 (9.2) 52.8 (7.9)

KOOS

Symptoms 72.5 (15.1) 71.3 (14.4)

Pain 76.9 (14.4) 77.9 (15.8)

ADL 84.5 (15.1) 87.3 (11.3)

Sp. & Rec. 49.2 (24.9) 43.2 (26.1)

QOL 25.8 (18.7) 39.0 (18.0)

Mode Mode

IKDC Exam. Abnormal Nearly normal

T&H Fair Good

IKDC: International Knee Documentation Committee; Sub: Subjective knee score; Exam: Examination score; KOS-ADLS: Knee Outcome Survey - Activities 
of Daily Living Scale; SF-12: Short Form - 12 Item Health Survey; PCS: Physical component summary; MCS: Mental component scores; KOOS: Knee Injury 
and Osteoarthritis Outcome Score; ADL: Activities of daily living; QOL: Quality of life; T&H: Tapper and Hoover Meniscal Grading Score; SD: Standard 
deviation.

IKDC examination score and the Tapper and Hoover Meniscal Grading score.
Table 5 presents the results of the correlation analysis between each of the knee outcome scores 

(continuous variables) post-operatively. Overall a significant correlation was found between most of the 
knee outcome scores with the strongest correlation being between the Cincinnati and the KOS-ADLS 
scores. It is also evident that in general, the post-operative correlations are stronger in comparison to the 
pre-operative results.

Table 6 presents the results of the correlation analysis between each of the knee outcome scores 
(categorical with continuous variables) post-operatively. The Tapper and Hoover Meniscal Grading 
score was found to have a significant correlation with all of the knee outcome scores and had a stronger 
correlation with each knee score compared to the IKDC examination score. There was also no 
correlation found between the IKDC examination score and the Tapper and Hoover Meniscal Grading 
score.

Figure 2 displays the results of the linear regression analysis between the knee outcome measures 
(continuous variables) pre-operatively which produce one overall outcome result. The stated formulae 
can be used to predict the outcome of a knee score when the result of the other is known. The Lysholm 
vs Cincinnati knee score comparison yielded the strongest regression coefficient (R2 = 0.68). The Tegner 
score was found to be the weakest regression variable overall (R2 < 0.3).

Table 7 shows the results of the multiple linear regression analysis between the knee outcome 
measures (continuous variables) pre-operatively which produce two or more outcome results (i.e. SF-12 
and KOOS scores). The stated formulae can be used to predict the outcome of a knee score when the 
results of the other variables are known. The KOS-ADLS vs KOOS knee score comparison yielded the 
strongest regression coefficient (R2 = 0.74). The Tegner score was found to be the weakest comparator 
overall (R2 < 0.3).

Figure 3 displays the results of the linear regression analysis between the knee outcome measures 
(continuous variables) post-operatively which produce one overall outcome result. The outcome of one 
knee score can be predicted by the formulae when the result of the other is known. The Cincinnati vs 
KOS-ADLS knee score comparison yielded the strongest regression coefficient (R2 = 0.84). The Tegner 
score was found to be the weakest comparator overall (R2 < 0.3). It is also evident that in general, the post
-operative regression analyses are stronger in comparison to the pre-operative results.
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Table 3 Correlations between pre-operative knee outcome scores (n = 50)

Correlation coefficient, P value

Tegner Lysholm Cincinnati IKDC Sub. KOS ADLS SF-12, PCS SF-12, MCS KOOS Symp. KOOS pain KOOS ADL KOOS Sp. & 
Rec. KOOS QOL

- 0.32 0.49 0.47 0.39 0.5 0.12 0.36 0.3 0.26 0.37 0.3Tegner

- 0.023a < 0.001a 0.001a 0.006a < 0.001a 0.416 0.013a 0.040a 0.074 0.009a 0.047a

0.32 - 0.83 0.62 0.74 0.49 0.38 0.68 0.64 0.52 0.5 0.55Lysholm

0.023a - < 0.001a < 0.001a < 0.001a < 0.001a 0.007a < 0.001a < 0.001a < 0.001a < 0.001a < 0.001a

0.49 0.83 - 0.66 0.8 0.56 0.37 0.54 0.63 0.58 0.54 0.59Cincinnati

< 0.001a < 0.001a - < 0.001a < 0.001a < 0.001a 0.009a < 0.001a < 0.001a < 0.001a < 0.001a < 0.001a

0.47 0.62 0.66 - 0.73 0.65 0.36 0.68 0.69 0.65 0.75 0.63IKDC Sub.

< 0.001a < 0.001a < 0.001a - < 0.001a < 0.001a 0.011a < 0.001a < 0.001a < 0.001a < 0.001a < 0.001a

0.39 0.74 0.8 0.73 - 0.69 0.52 0.72 0.73 0.82 0.65 0.59KOS-ADLS

0.006a < 0.001a < 0.001a < 0.001a - < 0.001a < 0.001a < 0.001a < 0.001a < 0.001a < 0.001a < 0.001a

0.5 0.49 0.56 0.65 0.69 - 0.27 0.63 0.65 0.65 0.6 0.55SF-12, PCS

< 0.001a < 0.001a < 0.001a < 0.001a < 0.001a - 0.059 < 0.001a < 0.001a < 0.001a < 0.001a < 0.001a

0.12 0.38 0.37 0.36 0.52 0.27 - 0.32 0.41 0.47 0.17 0.28SF-12, MCS

0.416 0.007a 0.009a 0.011a < 0.001a 0.059 - 0.024a 0.004a 0.001a 0.247 0.055

KOOS

0.36 0.68 0.54 0.68 0.72 0.63 0.32 - 0.79 0.68 0.68 0.47Symp.

0.013a < 0.001a < 0.001a < 0.001a < 0.001a < 0.001a 0.024a - < 0.001a < 0.001a < 0.001a 0.001a

0.3 0.64 0.63 0.69 0.73 0.65 0.41 0.79 - 0.8 0.61 0.53Pain

0.040a < 0.001a < 0.001a < 0.001a < 0.001a < 0.001a 0.004a < 0.001a - < 0.001a < 0.001a < 0.001a

0.26 0.52 0.58 0.65 0.82 0.65 0.47 0.68 0.8 - 0.64 0.6ADL

0.074 < 0.001a < 0.001a < 0.001a < 0.001a < 0.001a < 0.001a < 0.001a < 0.001a - < 0.001a < 0.001a

0.37 0.5 0.54 0.75 0.65 0.6 0.17 0.68 0.61 0.64 - 0.63Sp. & Rec.

0.009a < 0.001a < 0.001a < 0.001a < 0.001a < 0.001a 0.247 < 0.001a < 0.001a < 0.001a - < 0.001a

0.29 0.55 0.59 0.63 0.59 0.55 0.28 0.47 0.53 0.6 0.63 -QOL
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0.047a < 0.001a < 0.001a < 0.001a < 0.001a < 0.001a 0.055 0.001a < 0.001a < 0.001a < 0.001a -

aStatistically significant at < 0.05 level.
Results of Pearson product moment correlation analysis. IKDC: International Knee Documentation Committee; Sub: Subjective knee score; Exam: Examination score; KOS-ADLS: Knee Outcome Survey - Activities of Daily Living Scale; 
SF-12: Short Form - 12 Item Health Survey; PCS: Physical component summary; MCS: Mental component scores; KOOS: Knee Injury and Osteoarthritis Outcome Score; ADL: Activities of daily living; QOL: Quality of life; T&H: Tapper 
and Hoover Meniscal Grading Score; SD: Standard deviation.

Table 4 Correlations between pre-operative knee outcome scores (n = 50)

Correlation coefficient, P value

Tegner Lysholm Cincinnati IKDC Sub. KOS ADLS SF-12, PCS SF-12, MCS KOOS Symp. KOOS pain KOOS ADL KOOS Sp. & 
Rec. KOOS QOL IKDC Exam

IKDC Exam. -0.11 -0.22 -0.31 -0.27 -0.33 -0.17 -0.17 -0.34 -0.23 -0.31 -0.34 -0.23 ___

0.441 0.134 0.032a 0.057 0.020a 0.228 0.251 0.019a 0.109 0.033a 0.017a 0.105 ___

T&H -0.43 -0.67 -0.66 -0.64 -0.61 -0.6 -0.14 -0.63 -0.6 -0.51 -0.54 -0.46 0.17

0.002a < 0.001a < 0.001a < 0.001a < 0.001a < 0.001a 0.351 < 0.001a < 0.001a < 0.001a < 0.001a 0.001a 0.243

aStatistically significant at < 0.05 level.
Results of Spearman rank-order correlation analysis. IKDC: International Knee Documentation Committee; Sub: Subjective knee score; Exam: Examination score; KOS-ADLS: Knee Outcome Survey - Activities of Daily Living Scale; SF-
12: Short Form - 12 Item Health Survey; PCS: Physical component summary; MCS: Mental component scores; KOOS: Knee Injury and Osteoarthritis Outcome Score; ADL: Activities of daily living; QOL: Quality of life; SD: Standard 
deviation.

Table 8 shows the results of the multiple linear regression analysis between the knee outcome 
measures (continuous variables) post-operatively which produce two or more outcome results (i.e. SF-12 
and KOOS scores). The outcome of one knee score can be predicted by the formulae when the results of 
the other variables are known. The KOS-ADLS vs KOOS knee score comparison yielded the strongest 
regression coefficient (R2 = 0.87). The Tegner score was again found to be the weakest comparator 
overall. It is apparent that the post-operative regression analyses are stronger in comparison to the pre-
operative results.

DISCUSSION
Significant correlations were found between most of the clinical outcome scores before and after 
surgery. The strength of the correlations was higher post-operatively. Further statistical analysis 
produced formulae which allowed the outcome of one knee score to be calculated based on the results 
of the other outcome measures used in this study in patients with ACL ruptures.
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Table 5 Correlations between post-operative knee outcome scores (n = 34)

Correlation coefficient, P value

Tegner Lysholm Cincinnati IKDC Sub. KOS ADLS SF-12, PCS SF-12, MCS KOOS Symp. KOOS pain KOOS ADL KOOS Sp. & 
Rec. KOOS QOL

- 0.36 0.47 0.51 0.37 0.49 0.35 0.35 0.28 0.38 0.16 0.52Tegner

- 0.037a 0.006a 0.003a 0.032a 0.004a 0.048a 0.044a 0.121 0.028a 0.384 0.002a

0.36 - 0.89 0.71 0.77 0.71 0.32 0.61 0.74 0.72 0.34 0.45Lysholm

0.037a - < 0.001a < 0.001a < 0.001a < 0.001a 0.07 < 0.001a < 0.001a < 0.001a 0.053 0.009a

0.47 0.89 - 0.87 0.91 0.78 0.39 0.73 0.82 0.85 0.48 0.63Cincinnati

0.006a < 0.001a - < 0.001a < 0.001a < 0.001a 0.025a < 0.001a < 0.001a < 0.001a 0.004a < 0.001a

0.51 0.71 0.87 - 0.84 0.77 0.47 0.74 0.74 0.81 0.59 0.71IKDC Sub.

0.003a < 0.001a < 0.001a - < 0.001a < 0.001a 0.006a < 0.001a < 0.001a < 0.001a < 0.001a < 0.001a

0.37 0.77 0.91 0.84 - 0.75 0.45 0.82 87 0.86 0.59 0.64KOS-ADLS

0.032a < 0.001a < 0.001a < 0.001a - < 0.001a 0.008a < 0.001a < 0.001a < 0.001a < 0.001a < 0.001a

0.49 0.71 0.78 0.77 0.75 - 0.25 0.57 0.72 0.83 0.47 0.62SF-12, PCS

0.004a < 0.001a < 0.001a < 0.001a < 0.001a - 0.16 0.001a < 0.001a < 0.001a 0.005a < 0.001a

0.35 0.32 0.39 0.47 0.45 0.25 - 0.56 0.45 0.48 0.18 0.44SF-12, MCS

0.048a 0.07 0.025a 0.006a 0.008a 0.16 - 0.001a 0.008a 0.004a 0.288 0.010a

KOOS

0.35 0.61 0.73 0.74 0.82 0.57 0.56 - 0.75 0.69 0.61 0.58Symp.

0.044a < 0.001a < 0.001a < 0.001a < 0.001a 0.001a 0.001a - < 0.001a < 0.001a < 0.001a < 0.001a

0.28 0.74 0.82 0.74 0.87 0.72 0.45 0.75 - 0.86 0.56 0.53Pain

0.121 < 0.001a < 0.001a < 0.001a < 0.001a < 0.001a 0.008a < 0.001a - < 0.001a 0.001a 0.001a

0.38 0.72 0.85 0.81 0.86 0.83 0.48 0.69 0.86 - 0.55 0.54ADL

0.028a < 0.001a < 0.001a < 0.001a < 0.001a < 0.001a 0.004a < 0.001a < 0.001a - 0.001a 0.001a

0.16 0.34 0.48 0.59 0.59 0.47 0.19 0.61 0.56 0.55 - 0.45Sp. & Rec.

0.384 0.053 0.004a < 0.001a < 0.001a 0.005a 0.288 < 0.001a 0.001a 0.001a - 0.008a

0.52 0.45 0.63 0.71 0.64 0.62 0.44 0.58 0.53 0.54 0.45 -QOL
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0.002a 0.009a < 0.001a < 0.001a < 0.001a < 0.001a 0.010a < 0.001a 0.001a 0.001a 0.008a -

aStatistically significant at < 0.05 level.
Results of Pearson product moment correlation analysis. IKDC: International Knee Documentation Committee; Sub: Subjective knee score; KOS-ADLS: Knee Outcome Survey - Activities of Daily Living Scale; SF-12: Short Form - 12 Item 
Health Survey; PCS: Physical component summary; MCS: Mental component scores; KOOS: Knee Injury and Osteoarthritis Outcome Score; ADL: Activities of daily living; QOL: Quality of life; SD: Standard deviation.

Table 6 Correlations between post-operative knee outcome scores (n = 34)

Correlation coefficient, P value

Tegner Lysholm Cincinnati IKDC Sub. KOS ADLS SF-12, PCS SF-12, MCS KOOS Symp. KOOS pain KOOS ADL KOOS Sp. & 
Rec. KOOS QOL IKDC Exam

IKDC Exam. -0.34 -0.3 -0.39 -0.42 -0.35 -0.39 0.02 -0.17 -0.35 -0.35 -0.36 -0.38 -

0.056 0.095 0.024a 0.016a 0.044a 0.024a 0.93 0.324 0.044a 0.043a 0.035a 0.025a -

T&H -0.51 -0.62 -0.55 -0.61 -0.63 -0.6 -0.55 0.66 -0.62 -0.59 -0.45 -0.61 0.2

0.002a < 0.001a 0.001a < 0.001a < 0.001a < 0.001a 0.001a < 0.001a < 0.001a < 0.001a 0.009a < 0.001a 0.26

aStatistically significant at < 0.05 level.
Results of Spearman rank-order correlation analysis. IKDC: International Knee Documentation Committee; Sub: Subjective knee score; Exam: Examination score; KOS-ADLS: Knee Outcome Survey - Activities of Daily Living Scale; SF-
12: Short Form - 12 Item Health Survey; PCS: Physical component summary; MCS: Mental component scores; KOOS: Knee Injury and Osteoarthritis Outcome Score; ADL: Activities of daily living; QOL: Quality of life; T&H: Tapper and 
Hoover Meniscal Grading Score; SD: Standard deviation.

A longitudinal approach was undertaken to test the hypotheses in this study. This allowed the 
correlation results pre-operatively to be compared directly to that of the post-operative findings of the 
same individuals. The strength of the correlations was found to be greater following ACL 
reconstruction. This may be due to a more uniform comparison from time of surgery to clinic 
assessment post-operatively as compared to the greater diversity with regards to time of injury to clinic 
review pre-operatively of the ACL patients. Most of the patients with an ACL rupture had chronic 
injuries however some subjects had relatively acute ruptures which may have had a bearing on the 
results of the outcome measures prior to surgery. This could explain the slightly lower correlation 
between the pre-operative knee scores as compared to the post-operative results. The strongest 
correlation was found between the Lysholm and the Cincinnati knee scores (r = 0.83) pre-operatively. 
The weakest overall comparator before surgery was the SF-12, in particular the MCS sub-score. This 
may be explained by the fact that the SF-12 is a generic outcome measure while all the other eight 
instruments are disease-specific to knee pathology. Post-operatively the strongest correlation was found 
between the Cincinnati and the KOS-ADLS scores (r = 0.91). The IKDC objective examination score is a 
more elaborate and detailed outcome measure than the Tapper and Hoover Meniscal grading system 
which was originally designed to assess meniscal tears. However, the latter outcome measure was 
found to have a stronger correlation with all the other knee scores than the IKDC objective score before 
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Table 7 Multiple linear regression analysis of pre-operative knee outcome scores (n = 50)

Equation (R2, P value, σE)
KOOS

Tegner = 2.3 + (0.02 × Symp.) + (0.003 × Pain) - (0.01 × ADL) + (0.01 × Sp. & Rec.) + (0.01 × QOL)

(R2 = 0.17, P = 0.161, σE = 1.2)

Lysholm = 38.2 + (0.36 × Symp.) + (0.22 × Pain) - (0.14 × ADL) - (0.05 × Sp. & Rec.) + (0.20 × QOL)

(R2 = 0.55, P < 0.001, σE = 9.0)

Cincinnati = 27.0 + (0.02 × Symp.) + (0.36 × Pain) + (0.02 × ADL) + (0.05 × Sp. & Rec.) + (0.21 × QOL)

(R2 = 0.49, P < 0.001, σE = 10.9)

IKDC Subjective = 12.6 + (0.11 × Symp.) + (0.25 × Pain) - (0.002 × ADL) + (0.23 × Sp. & Rec.) + (0.14 × QOL)

(R2 = 0.68, P < 0.001, σE = 9.1)

KOS-ADLS = (0.29 × Symp.) + (0.01 × Pain) + (0.64 × ADL) + (0.05 × Sp. & Rec.) + (0.09 × QOL) – 6.4

(R2 = 0.74, P <0.001, σE = 10.3)

SF-12

Tegner =  0.6 + (0.07 × PCS) - (0.002 × MCS)

(R2 = 0.25, P = 0.002, σE = 1.1)

Lysholm = 30.6 + (0.61 × PCS) + (0.33 × MCS)

(R2 = 0.30, P = 0.002, σE = 10.7)

Cincinnati = 14.4 + (0.83 × PCS) + (0.33 × MCS)

(R2 = 0.36, P < 0.001, σE = 11.7)

IKDC Subjective =  (1.18 × PCS) + (0.32 × MCS) - 12.2

(R2 = 0.46, P < 0.001, σE = 12.7)

KOS-ADLS =  (1.29 × PCS) + (0.65 × MCS) - 12.8

(R2 = 0.59, P < 0.001, σE = 12.2)

R2: Regression coefficient; σE: Root mean squared error. IKDC: International Knee Documentation Committee; Sub: Subjective knee score; KOS-ADLS: Knee 
Outcome Survey - Activities of Daily Living Scale; SF-12: Short Form - 12 Item Health Survey; PCS: Physical component summary; MCS: Mental 
component scores; KOOS: Knee Injury and Osteoarthritis Outcome Score; ADL: Activities of daily living; QOL: Quality of life.

and after surgery.
Linear and multiple linear regression analyses were used to generate predictive formulae which 

allowed the outcome of one knee score to be calculated based on the result of another instrument. These 
formulae could facilitate the conduct of systematic reviews and meta-analysis in studies relating to ACL 
injuries by allowing the pooling of data of the results of different knee scoring systems. Similar to the 
correlation analyses, the results of the regression analyses were stronger post-operatively as compared 
to the pre-operative findings. The main weakness of this component of the study was the regression 
analysis results pertaining to the Tegner activity score which was consistently found to be the weakest 
variable pre-operatively (R2 < 0.3) and post-operatively. A small regression coefficient (i.e. value near to 
0) implies that the explanatory variable X (i.e. Tegner activity score) can only account for and explain a 
small proportion of the total variation of the response variable Y (i.e. Lysholm score, R2 = 0.11) when the 
results are fitted into the regression equation (Y = a + bX were a = intercept and b = slope).

There are many clinical outcome measures available which can be used in association with ACL 
injuries. Bollen et al[4] compared the results obtained from the Lysholm and Cincinnati knee scores in 
patients with ACL deficient knees and found that the latter scale consistently produced lower scores for 
each patient as compared to that of the Lysholm knee score. This was also noted in the present study 
both in the pre-operative and post-operative results. They used regression techniques to produce a “rate 
of exchange” which yielded the formula Lysholm = 30 + (0.72 × Cincinnati). Risberg et al[20] evaluated 
the Lysholm and Cincinnati scores in patients with ACL ruptures and also found a similar result from 
their regression analysis yielding the formula Lysholm = 27.8 + (0.73 × Cincinnati). The pre-operative 
results of the present study are in keeping with these findings as the regression analysis produced the 
formula Lysholm = 25.4 + (0.72 × Cincinnati) with R2 = 0.68. However, the post-operative regression 
analysis yielded the formula Lysholm = 8.1 + (1.02 × Cincinnati) with a stronger regression coefficient (R
2 
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Table 8 Multiple linear regression analysis of post-operative knee outcome scores (n = 34)

Equation (R2, P value, σE)
KOOS

Tegner = 1.2 + (0.01 × Symp.) - (0.02 × Pain) + (0.04 × ADL) - (0.01 × Sp. & Rec.) + (0.02 × QOL)

(R2 = 0.33, P =0.042, σE = 0.8)

Lysholm = 31.6 + (0.12 × Symp.) + (0.29 × Pain) + (0.28 × ADL) - (0.08 × Sp. & Rec.) + (0.02 × QOL)

(R2 = 0.60, P < 0.001, σE = 7.2)

Cincinnati = 20.9 + (0.12 × Symp.) + (0.14 × Pain) + (0.39 × ADL) - (0.04 × Sp. & Rec.) + (0.09 × QOL)

(R2 = 0.80, P < 0.001, σE = 4.5)

IKDC Subjective = (0.23 × Symp.) - (0.07 × Pain) + (0.69 × ADL) + (0.05 × Sp. & Rec.) + (0.27 × QOL) - 26.5

(R2 = 0.79, P < 0.001, σE = 7.9)

KOS-ADLS = (0.29 × Symp.) + (0.25 × Pain) + (0.42 × ADL) + (0.000009 × Sp. & Rec.) + (0.11 × QOL) – 5.4

(R2 = 0.87, P < 0.001, σE = 5.6)

SF-12

Tegner = 0.8 + (0.04 × PCS) + (0.03 × MCS)

(R2 = 0.30, P = 0.005, σE = 0.8)

Lysholm = 44.4 + (0.70 × PCS) + (0.20 × MCS)

(R2 = 0.52, P < 0.001, σE = 7.5)

Cincinnati = 34.1 + (0.67 × PCS) + (0.24 × MCS)

(R2 = 0.65, P < 0.001, σE = 5.6)

IKDC Subjective =  (1.07 × PCS) + (0.58 × MCS) - 18.8

(R2 = 0.68, P < 0.001, σE = 9.2)

KOS-ADLS = 7.9 + (0.97 × PCS) + (0.51 × MCS)

(R2 = 0.65, P < 0.001, σE = 8.8)

R2: Regression coefficient; σE: Root mean squared error. IKDC: International Knee Documentation Committee; Sub: Subjective knee score; KOS-ADLS: Knee 
Outcome Survey - Activities of Daily Living Scale; SF-12: Short Form - 12 Item Health Survey; PCS: Physical component summary; MCS: Mental 
component scores; KOOS: Knee Injury and Osteoarthritis Outcome Score; ADL: Activities of daily living; QOL: Quality of life.

= 0.80). Both the Lysholm and the Cincinnati knee scores produce results that are continuous variables. 
They can be converted into overall categorical ratings (i.e. excellent, good, fair or poor). However, in the 
present study the results were kept in their original raw continuous data format in order to facilitate the 
linear regression analysis. Sgaglione et al[21] evaluated knee scoring instruments in patients who 
underwent ACL reconstruction. These included the Lysholm, Tegner and Cincinnati scores. They also 
found the scores obtained from the latter outcome measure were lower than the results obtained from 
the Lysholm scores for each individual patient. Furthermore, they found the results of the knee scores 
were inflated when the raw scores were converted to categorical ratings. They found that in general, the 
use of clinical outcome measures can lead to higher scores in patients with low activity levels as 
compared to subjects who are more active and place higher demands on their knee and so consequently 
experience greater symptoms. However, this can be accounted for by the inclusion of the Tegner activity 
score which takes into consideration the activity level of the subject.

In general, there are a number of factors which can influence the end result for each PROM score as 
reported by the individual patient themselves. These include the patient’s age, gender, level of athletic 
commitment, type of sport as the intricacies of many sports are different, chronicity of condition, type of 
surgery, patients that had opted out of surgery, ease of return-to-sport and level of return-to-sport all 
may affect the questionnaire scores.

As yet there is no single outcome measure that is universally considered as the solitary gold standard 
and therefore many studies use a combination of instruments when evaluating the results of their 
intervention. As different knee scoring systems yield different results, it is consequently difficult to 
analyse and compare the relative success of different interventions. This limitation is magnified when 
attempting to conduct a meta-analysis on a particular topic relating to ACL injury or surgery as the use 
of different outcome measures in each study limit the capacity to which the outcome data can be pooled 
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Figure 2 Scatterplots and linear regression analysis of pre-operative knee outcome scores (n = 50). A: Lysholm vs Cincinnati; B: Lysholm vs 
International Knee Documentation Committee (IKDC) Subjective; C: Lysholm vs Knee Outcome Survey - Activities of Daily Living Scale (KOS-ADLS); D: Cincinnati vs 
IKDC Subjective; E: Cincinnati vs KOS-ADLS; F: IKDC Subjective vs KOS-ADLS; G: Lysholm vs Tegner; H: Cincinnati vs Tegner; I: IKDC Subjective vs Tegner; J: 
KOS-ADLS vs Tegner. R2 = regression coefficient; σE = root mean squared error.

together and statistically analysed. In the absence of a single uniform method of evaluation, the 
formulae produced from the present study relating to the more commonly used knee scoring systems 
can therefore allow for a more direct interpretation of different clinical outcome measures. This can 
therefore facilitate the conduct of meta-analyses and the comparison of efficacy of different 
interventions.

CONCLUSION
Significant correlations were found between most of the clinical outcome measures used in this study 
with the strength of the correlations being greater post-operatively. Statistically derived formulae 
produced from this study can be used to predict the outcome of one knee score when the results of the 
other are known. These formulae could facilitate the conduct of systematic reviews and meta-analysis in 
studies relating to ACL injuries by allowing the pooling of substantially more data of the most 
commonly used knee outcome scores.
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Figure 3 Scatterplots and linear regression analysis of post-operative knee outcome scores (n = 34). A: Lysholm vs Cincinnati; B: Lysholm vs 
International Knee Documentation Committee (IKDC) Subjective; C: Lysholm vs Knee Outcome Survey - Activities of Daily Living Scale (KOS-ADLS); D: Cincinnati vs 
IKDC Subjective; E: Cincinnati vs KOS-ADLS; F: IKDC Subjective vs KOS-ADLS. G: Lysholm vs Tegner; H: Cincinnati vs Tegner; I: IKDC Subjective vs Tegner; J: 
KOS-ADLS vs Tegner. R2 = regression coefficient; σE = root mean squared error.

ARTICLE HIGHLIGHTS
Research background
Many different types of clinical outcome scores exist regarding the anterior cruciate ligament (ACL).

Research motivation
To evaluate how the commonly used patient reported outcome scores (PROMs) differ from each other 
in the context of ACL injuries.

Research objectives
To develop mathematical formulae which will allow the results of one score to be calculated from the 
results of the other.

Research methods
PROM data was collected from patients before and after ACL reconstruction surgery and statistically 
analyzed using correlation and regression tests.

Research results
Statistically significant results for both the correlation and regression analyses were found between most 
of the outcome scores and were generally stronger following surgery.
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Research conclusions
The mathematical formulae produced from this study can be used to predict the outcome of one knee 
score when the results of the other are known.

Research perspectives
These mathematical formulae can facilitate the conduct of systematic reviews and meta-analysis in 
studies relating to ACL surgery by allowing the pooling of substantially more data.
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