
IIntroduction: In the repair of focal chondral defects, there are several patient-reported outcome measures

(PROMs) that are used to assess the patient’s well-being. However, the question remains as to how well one

scoring system relates to another, which may restrict the comparison of results from different studies. There-

fore, we examined the strength of correlations between the Lysholm and KOOS scores. 

Materials and Methods: The data for this analysis was obtained from the Autologous Matrix-Induced

Chondrogenesis (AMIC®; Geistlich Pharma AG, Wolhusen, Switzerland) knee registry, which is an ongoing,

multicentre database designed to record changes over time in knee function and symptoms. This is done

using the Lysholm score, the Visual Analogue Scale (VAS) for pain, and the five domains of the Knee injury

and Osteoarthritis Outcome Score (KOOS). All patients had preoperative and postoperative scores at one-

year follow up. The results were evaluated using the Spearman’s rank correlation test. 

Results: We identified 79 patients in the registry, all of whom were treated by the co-authors and had

preoperative scores and postoperative scores at one year for the Lysholm, VAS, and the KOOS domains. The

Lysholm score demonstrated a significant correlation (p<0.0001) to all KOOS domains. The correlation

coefficients were 0.81, 0.82, 0.83, 0.84, and 0.76 for the KOOS domains of symptoms, pain, activities of daily

living (ADL), quality of life (QoL), and Sport, respectively. The correlation between VAS pain and the KOOS

domain for pain was significant (p<0.0001) but notably lower, with a correlation coefficient of 0.71.
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While the results of knee surgery are
often discussed in terms of clinical exami-
nation or radiological findings, patients
are likely to be more concerned with a
reduction in symptoms and an improve-
ment in function. In this regard, patient-
reported outcome measures (PROMs)
are a common means of assessing
patients’ pain and function following
surgery.1 While originally used to quanti-
fy the patient’s perception of their symp-
toms and well-being, they are now also
used in reimbursement2 as well as regula-
tory decisions.3 As the emphasis on
patient-centred care continues to gain
ground,4 the use of PROMs, which by
their very nature are subjective and based
on the patient’s experiences, will contin-
ue to play a noteworthy role in clinical
practice. 
Aside from PROMs, there are also out-

come measures that are completed by the
treating clinician (which could be the
physician, nurse, or other allied health pro-
fessional). Clinician-completed outcome
measures typically have a clinical compo-
nent to be assessed (i.e., radiological para-
meters or measurement of various physical
signs) in addition to the patients’ reported
symptoms. Although these can provide a
thorough and comprehensive assessment,
the inclusion of clinical testing/observa-
tion as well as patient’s subjective data can
reduce the ease of implementation and
compliance, especially when different
investigators are gathering the data. There-
fore, there is a risk of incomplete data col-
lection. In contrast to clinician-completed
tests, self-administered instruments
involve the patients responding to ques-
tions by themselves. These had been previ-
ously considered to be unreliable, with a
belief that such PROMs were too subjec-
tive.5 However, this paradigm seems to
have shifted over the years.6 While it was
once considered that clinician-completed
instruments provided more objective data,
the more recent focus on patient-centred
care has noted that well-designed PROMs

are good at determining health status. Fur-
thermore, their value as outcome mea-
sures may be more appreciated among
researchers.7
In terms of workload for the clinic,

PROMs are less time consuming than
functional tests, while still allowing to
document the patients’ perception of
their outcomes.8 In the knee, there are
several PROMs currently in use, with
varying levels of sensitivity, reliability, and
effort.9 Also, some instruments are spe-
cific to a procedure or joint structure.10
However, in the published literature, the
variety of instruments make it problemat-
ic to compare the results of a given study
to another due to the aspects of physical
function that a specific PROM is meant to
quantify.While the Visual Analogue Scale
(VAS) for pain is straightforward, and
applicable to all joints, the variety of
PROMs that have been used in the knee
can make it difficult to compare out-
comes in published studies. 
To date, there have been few attempts

to assess the relationship between
PROMs and to determine how one score
relates to another. It has been reported
that functional tests do not correlate to
PROM scores after cruciate reconstruc-
tion.11,12 In contrast, a study that evaluat-
ed the relationships between various
PROMs following meniscal repair noted
that there were generally good correla-
tions between the outcome measures.13
However, the publication that reported
good correlations did not include func-
tional tests. Furthermore, the published
data is limited to assessing outcome
scores in the ACL and the meniscus. With
regard to the repair of articular cartilage,
and specifically focal chondral defects
(FCD), there have been no publications
that have evaluated the relationships
between outcome scores even though
there are a variety of PROMs that assess
clinical outcomes. Therefore, in order to
evaluate the relationship between two
common outcome measures for the knee,
we queried a registry of patients who
have undergone single-stage surgery for

chondral repair of the knee and assessed
the data to determine the strength of the
relationship between the outcome scores
typically used to assess patient well-being
following the surgical repair of focal
chondral defects. 

Materials and Methods

Registry data
The data was based on a prospective

registry for Autologous Matrix-Induced
Chondrogenesis (AMIC®; Geistlich Phar-
ma AG, Wolhusen, Switzerland) patients,
which is an ongoing, multicentre data-
base designed to longitudinally track
changes in function and symptoms in
patients who had undergone repair of
chondral lesions via this procedure.14,15
All patients whose data was analysed in
this study have been seen for primary
surgeries and then were seen postopera-
tively, at one year, as part of the standard
of care. Outcomes in this registry were
assessed using the Lysholm score,
KOOS, and VAS for pain. Documenta-
tion is made on electronic case report
forms, with surgeons having access to the
registry via a web interface. Ethical
approval for the registry was obtained
from the ethics review board of the Uni-
versity of Lübeck (file No. 19-178).

Surgical treatment
All of the patients underwent single-

stage surgery for full thickness chondral
or osteochondral lesions in the knee
(Outerbridge Classification III or IV).
The index procedure, AMIC®, was per-
formed using either a mini-open or
arthroscopic approach, depending on
surgeon preference. Following debride-
ment and removal of degenerative or
loose cartilage fragments, bone marrow
stimulation (BMS) was performed using
a 1.2mm drill or k-wire in order to per-
forate the subchondral bone plate. This
was typically done to a depth of approxi-
mately 1cm, which resulted in the
release of bone marrow stem cells into
the defect. The prepared defect was then
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Conclusion: Our data provides evidence that the outcome of the Lysholm knee score is strongly correlated

with the KOOS scores, with the KOOS domains of ADL and pain exhibiting the highest correlation. Thus, it

may be possible, through formulae calculations, to predict a KOOS score from the Lysholm score. With regard

to assessment of outcomes over larger numbers of studies, the pooling of substantially more data could

facilitate the conduct of systematic reviews and meta-analyses pertaining to the surgical treatment of

chondral injuries of the knee.
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covered with a collagen I/III membrane of
porcine origin (Chondro-Gide®, Geistlich
Pharma AG, Wolhusen, Switzerland) that
had been matched, via the use of an alu-
minium template, to the defect size. Fixa-
tion of the membrane over the treatment
site was done using either sutures or a fib-
rin sealant, depending on the surgeon’s
preference, as it has been shown that these
two fixation methods provide equivalent
results.16 The knee was then held in an
extended position for five minutes, and
then the joint was flexed 10 times in
order to verify the stability and position of
the matrix. Finally, the incision was closed
in layers and a drainage without suction
was applied. The knee was immobilized
for the first few days, after which continu-
ous passive motion was started with
restricted knee angles. This then pro-
gressed to limited weight bearing for
approximately six weeks.

Postoperative rehabilitation 
Although patients had been treated at

different centres, the rehabilitation proto-
cols adhered to the clinical standards fol-
lowing cartilage repair surgery.17 These
essentially follow progressive weightbear-
ing over several weeks, along with recov-
ery of range of motion and then
restoration of strength before progression
to functional exercises.18

Clinical outcome scores
Therapeutic outcomes were assessed

on the basis of 3 PROMs: Lysholm,
KOOS, and VAS. The Lysholm Scale,
which produces a score from 0–100, has
been in use for 40 years and is a validated
measure of knee function19 and has been
used for 20 years in the assessment of out-
comes for chondral injuries.20 The KOOS
differs from the Lysholm in that it is com-
posed of five domains: symptoms, pain,
sport and recreation, quality of life (QoL)
and activities of daily living (ADL).21 The
KOOS was originally developed as an out-
comes assessment in patients who are
younger and physically active and provid-
ed an alternative to the Western Ontario
and McMaster Universities Osteoarthritis
(WOMAC) score, which was commonly
used for arthritis and degenerative carti-
lage injuries.22 As an outcome measure,
the KOOS is reliable, valid, and respon-
sive.23 While the KOOS and Lysholm are
indexed scores that range from 0–100,
the VAS scale is quite simple, and it ranges
from 0, indicating no pain, up to 10,
which indicates the worst pain the patient
has ever known.

Statistical analysis
The means and standard deviations

for the patients’ demographics as well
as each of the outcome scores were cal-
culated, and a statistical comparison
was made where applicable. Normality
of the data was assessed prior to the
correlations being calculated. Due to
the data not being normally distrib-
uted, a Spearman’s rank correlation
was used to assess the relationship
between each of the relevant outcome
scores. All calculations and statistical
analyses were conducted using
Microsoft Excel® (IBM Corporation,
Redmond, Washington). P-values
<0.05 were considered statistically sig-
nificant. Correlation strength was
defined as weak (0.1–0.3), moderate
(0.4–0.6), or strong (0.7–0.9).24

Results

In a review of the registry, we identi-
fied 79 patients who had undergone
surgery for the repair of focal chondral
defects. All patients underwent Autolo-
gous Matrix-Induced Chondrogenesis,
with the application of a Chondro-Gide®
matrix, and had preoperative and postop-
erative scores at one year for the VAS,
Lysholm, and all five KOOS domains.
The demographic characteristics of the
patients are presented in Table I. Of the
79 patients, 62% were male and 38%
were female. 
The pre- and postoperative mean

scores for each of the PROMS are shown
in Table II. All postoperative scores were
significantly different (p<0.001) from the
preoperative scores. Additionally, based

#1814 Gille   FINAL

Orthopaedic Surgery
SURGICAL TECHNOLOGY INTERNATIONAL Volume 45

Table I
Physical characteristics of the patients

Mean ± standard deviation

Age, years
BMI

Defect Size, cm2

36.2 ± 12.3
25.4 ± 3.7
2.9 ± 1.2 

Table III
The correlation matrix for the PROM scores that had been

entered into the registry. All p-values are significant,
<0.0001

KOOS 
QoL
r

KOOS
Symptoms

r

KOOS ADL
r

KOOS
Pain
r

KOOS
Sport
r

Lysholm

VAS pain

0.81

0.67

0.82

0.58

0.83

0.65

0.84

0.71

0.76

0.68

r: Correlation coefficient; QoL: Quality of Life; ADL: Activities of Daily Living;
SPORT: Sport & Recreation; VAS: Visual Analog Scale

Table II
The mean scores, pre- and postoperative

Preoperative Postoperative

Lysholm
VAS
KOOS
Symptoms
QoL
Pain
ADL
Sport

48.5 ± 18.6
5.2 ± 1.9

53.2 ± 20.9
28.8 ± 16.6
55.2 ± 17.2
57.9 ± 20.3
24.1 ± 18.7

84.9 ± 12.0
2.0 ± 1.5

83.7 ± 14.7
64.7 ± 23.4
89.0 ± 9.6
89.9 ± 7.5
66.4 ± 23.5

RESULTS
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on the change in the Lysholm score, and
using an MCID of 10.1,25 the positive
response rate was 89%. 
All correlations, whether between

VAS and the KOOS domains or
between Lysholm and the KOOS
domains, were significant, at a level of
p<0.001. These strong correlations
between the Lysholm score and the var-
ious KOOS domains ranged from a low
of 0.76 for KOOS Sport to a high of
0.84 for KOOS-Pain (Table III).
Although still significant (p<0.001), the
correlations between the VAS and
KOOS domains was notably lower and
would be classified as moderate. The
scatterplots for the scores are presented
in Figure 1.

Discussion

Overall, the data showed significant,
strong correlations between the Lysholm
and all KOOS domains. Likewise, the
VAS showed a strong correlation with the
KOOS-Pain subscale, although this corre-
lation was not as strong as that which was
noted between Lysholm and KOOS-Pain.
The regression equations that can be
determined from these analyses support
the ability to calculate a KOOS or
Lysholm score when one of them is
known. As far as clinical relevance, these
results will allow, with a degree of rela-
tive confidence, to compare the out-
comes of studies of chondral repair that
have used either of these PROMs. 

The relevance of these outcomes lies
in the role that the assessment of patient
outcomes plays in real-world medical
care. There are a variety of PROMs that
are used to assess outcomes following
knee surgery. Among the various instru-
ments, the Lysholm and IKDC were
reported to be the most responsive
instruments over time, while the IKDC
may be better suited to detecting changes
in function related to higher demand
activities such as sports.26 A recent study
had reported substantial variation in the
reporting of patient outcomes, with 34
PROMS in use.27 Certainly, each PROM
has a role in measuring patient outcomes,
but it may be difficult to assess the
changes across various studies, with their
different treatment techniques, and
develop an overview of treatment effec-
tiveness. 
While the IKDC may be one of the

most commonly used PROMs, the
KOOS and the Lysholm are also com-
monly administered.27 Even though all
three PROMs are common, a recent
study examining the trends in outcomes
over the past 15 years demonstrates an
increased use of the KOOS by approxi-
mately 15%.28 In daily practice, the use of
multiple PROMs can be an obstacle to
gathering information as they are time
consuming.29 As just one example, it was
estimated that clinical practices spend
over 15 hours per week on PROMs,
accounting for 785 hours/physician.30
This represents a value that cannot easily
be dismissed. Therefore, by demonstrat-
ing the relationship of the scores, it may
then be feasible for the physician to docu-
ment the outcomes with just one PROM,
thereby reducing time and expense with
confidence that the results can be extrap-
olated and reasonably compared to stud-
ies that have used another PROM score.
In our study, we have demonstrated a
consistent relationship between KOOS
and Lysholm. 
Multiple patient-reported outcome

measures have been used to assess the effi-
cacy of treatment; however, the most
effective measures remain unclear. Effec-
tive outcomes are needed to standardize
the reporting of various meniscal patholo-
gies to better assist not only patient satis-
faction, but the surgeon’s decision-making
as well. The use of unnecessary PROMs
can increase healthcare costs, time, and
clinical inefficiency. The absence of guide-
lines on which pre- and postoperative
outcomes to report can also lead to
increased bias in the literature, as the
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Figure 1. Scatterplot with their regression lines, depicting the Lysholm and KOOS scores. KOOS=Knee
injury and Osteoarthritis Score; ADL=activities of daily living; QoL=quality of life; R2=regression coeffi-
cient; RMSE=root mean squared error.

DISCUSSION
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variability of reporting methodology has
not been quantified in a systematic man-
ner and there are no comparisons per-
formed between PROMs to determine
responsiveness.29 With the increase in sys-
tematic reviews seen in recent years—
891 having been published in 2023
concerning the knee—the utility of con-
sistency and relevance in outcome
reporting should not be underestimated.
Of importance to patients as well as

orthopaedic surgeons, physical function is
one of the primary domains of patient-
reported outcomes.31 Such data has been
extrapolated—for the past few decades
in orthopaedics—as the Lysholm score
has been in use since 1982.32 However,
there have been advances in PROM
methods, resulting in psychometrically
improved questionnaires.33 Nevertheless,
with the availability of numerous
PROMs, clinicians will continue to use a
PROM with which they are comfortable
and can be easily administered. It is not
expected that linking studies between dif-
ferent PROMs allows clinicians and
researchers to use various PROM scores
interchangeably, but the ability to com-
pare outcome assessments between the
KOOS, Lysholm, and VAS is likely to be
useful to researchers in orthopaedics.

Conclusion

Clinician researchers collecting physical
function outcomes in research trials can
decrease questionnaire burden for patients
by selecting one of these two measures
while remaining confident that they can
still compare their findings to studies that
have used the other questionnaire. For
those researchers who plan to pool and
analyse previously completed studies that
had examined physical function with either
the KOOS or the Lysholm may now have a
means to convert scores using  regression
equations, which could be a useful tool in
meta-analysis. By linking different
PROMs, it may be possible to achieve a
common metric for outcomes. For
researchers who conduct meta-analyses,
they could conceivably pool substantially
more data related to the repair of focal
chondral defects of the knee.

Authors’ Disclosures

The authors have no conflicts of inter-
est to disclose.

References

1. Wang D, Jones M, Khair M, et al. Patient-reported
outcome measures for the knee. J Knee Surg 2010;
23(03):137–51. 
2. Squitieri L, Bozic KJ, Pusic AL. The role of patient-
reported outcome measures in value-based payment
reform. Value Heal 2017;20(6):834–6. 
3. Research C for DE. Patient-Focused Drug Develop-
ment: Incorporating Clinical Outcome Assessments
Into Endpoints for Regulatory Decision-Making. FDA;
2023. Accessed February 14, 2024. https://
www.fda.gov/ regulatory-information/ search-fda-
guidance-documents/patient-focused-drug-develop-
ment-incorporating-clinical-outcome-assessments-end
points-regulatory
4. Pasqualini I, Mariorenzi M, Klika AK, et al. Estab-
lishing patient-centered metrics for the knee injury and
osteoarthritis outcome score following medial unicom-
partmental knee arthropalsty. Knee 2024;46:1–7. 
5. Hossain FS, Konan S, Patel S, et al. The assessment
of outcome after total knee arthroplasty. Bone Jt J
2015;97-B(1):3–9. 
6. Pasqualini I, Piuzzi NS. Patient-reported outcome
measures: State of the art in patient-reported outcome
measure application in lower extremity orthopaedics. J
Am Acad Orthop Surg 2023;31(20):e883–9. 
7. Lieshout EMMV, Wijffels MME. Patient-report-
ed outcomes: Which ones are most relevant?
Injury. 2020;51:S37-S42. doi:10.1016/j.injury.
2019.10.073
8. Hildebrandt C, Müller L, Zisch B, et al. Functional
assessments for decision-making regarding return to
sports following ACL reconstruction. Part I: develop-
ment of a new test battery. Knee Surg, Sports Trauma-
tol, Arthrosc 2015;23(5):1273–81. 
9. Berk AN, Piasecki DP, Fleischli JE, et al. Trends in
patient-reported outcomes after anterior cruciate liga-
ment reconstruction: A systematic review. Orthop J
Sports Med. 2023;11(5):23259671231174470.
10. Roos EM, Lohmander LS. The Knee injury and
Osteoarthritis Outcome Score (KOOS): from joint
injury to osteoarthritis. Heal Qual Life Outcomes
2003;1(1):64. 
11. Warming S, Herzog RB, Lundgaard-Nielsen M, et
al. No correlation between performance tests, clinical
measurements and data from patient-reported outcome
measures (PROM) in children reconstructed for anterior
cruciate ligament injury. Knee Surg, Sports Traumatol,
Arthrosc 2023;31(6):2386–93. 
12. Al-Gburi M, Kristiansen JB, Christensen KB, et al.
Functional performance tests, clinical measurements,
and patient-reported outcome measures do not correlate
as outcomes 1 year after anterior cruciate ligament
reconstruction. Knee Surg, Sports Traumatol, Arthrosc
2023;31(12):5905–12. 
13. Al-Dadah O, Shepstone L, Donell ST. Patient
reported outcome measures in meniscal tears and arthro-
scopic meniscectomy: The value of outcome score pre-
diction. Orthop Traumatol: Surg Res 2021;107(3):
102803. 
14. Gille J, Reiss E, Freitag M, et al. Autologous matrix-
induced chondrogenesis for treatment of focal cartilage
defects in the knee: A follow-up study. Orthop J Sports
Med 2021;9:2325967120981872. 
15. Gille J, Behrens P, Volpi P, et al. Outcome of autol-
ogous matrix induced chondrogenesis (AMIC) in carti-

lage knee surgery: Data of the AMIC Registry. Archives
of Orthopaedic and Trauma Surgery. 2013;133:87–93. 
16. Volz M, Schaumburger J, Frick H, et al. A random-
ized controlled trial demonstrating sustained benefit of
Autologous Matrix-Induced Chondrogenesis over
microfracture at five years. Int Orthop 2017;41:
797–804. 
17. Hirschmüller A, Baur H, Braun S, et al. Rehabilita-
tion after autologous chondrocyte implantation for isolat-
ed cartilage defects of the knee. Am J Sports Med
2011;39(12):2686–96.
18. Hurley ET, Davey MS, Jamal MS, et al. Return-to-
play and rehabilitation protocols following cartilage
restoration procedures of the knee: A systematic review.
CARTILAGE. 2021;13(1_suppl):907S–14S. 
19. Briggs KK, Lysholm J, Tegner Y, et al. The reliabili-
ty, validity, and responsiveness of the Lysholm score and
Tegner activity scale for anterior cruciate ligament
injuries of the knee: 25 years later. The American journal
of sports medicine. 2009;37(5):890–7. 
20. Kocher MS, Steadman RJ, Briggs KK, et al. Reliabili-
ty, validity, and responsiveness of the Lysholm Knee
Scale for various chondral disorders of the knee. J Bone
Jt Surg-Am Vol 2004;86(6):1139–45. 
21. Garratt AM, Brealey S, Gillespie WJ, et al. Patient-
assessed health instruments for the knee: a structured
review. Rheumatology. 2004;43(11):1414–23. 
22. Roos EM, Roos HP, Lohmander LS, et al. Knee
Injury and Osteoarthritis Outcome Score (KOOS)—
Development of a self-administered outcome measure. J
Orthop Sports Phys Ther 1998;28(2):88–96. 
23. Collins NJ, Prinsen CAC, Christensen R, et al. Knee
Injury and Osteoarthritis Outcome Score (KOOS): sys-
tematic review and meta-analysis of measurement prop-
erties. Osteoarthr Cartil 2016;24(8):1317–29.
24. Dancey C, Reidy J. Statistics Without Maths for
Psychology: Using SPSS for Windows. Prentice Hall;
2004.
25. Jones KJ, Kelley BV, Arshi A, et al. Comparative
effectiveness of cartilage repair with respect to the mini-
mal clinically important difference. Am J Sports Med.
2019;47(13):3284–93. 
26. Howard JS, Lattermann C, Hoch JM, et al. Compar-
ing responsiveness of six common patient-reported out-
comes to changes following autologous chondrocyte
implantation. Cartilage 2013;4(2):97–110. 
27. Abed V, Kapp S, Nichols M, et al. Lysholm and
KOOS QoL demonstrate high responsiveness in patients
undergoing anterior cruciate ligament reconstruction: A
systematic review and meta-analysis of randomized clini-
cal trials. Am J Sports Med Published online
2024:3635465231219966. 
28. Lan RH, Bell JW, Samuel LT, et al. Evolving out-
come measures in total knee arthroplasty: Trends and
utilization rates over the past 15 years. J Arthroplast
2020;35(11):3375–82. 
29. Wilson I, Bohm E, Lübbeke A, et al. Orthopaedic
registries with patient-reported outcome measures.
EFORT Open Rev 2019;4(6):357–67. 
30. Casalino LP, Gans D, Weber R, et al. US physician
practices spend more than $15.4 billion annually to
report quality measures. Heal Aff 2017;35(3):401–6. 
31. Heng M, Tang X, Schalet BD, et al. Can the Knee
Outcome and Osteoarthritis Score (KOOS) function
subscale be linked to the PROMIS physical function to
crosswalk equivalent scores? Clin Orthop Relat Res
2021;479(12):2653–664. 
32. Lysholm J, Gillquist J. Evaluation of knee ligament
surgery results with special emphasis on use of a scoring
scale. Am J Sports Med 1982;10(3):150–4. 
33. Abbot S, Proudman S, Sim YP, et al. Psychometric
properties of patient-reported outcomes measures used
to assess upper limb pathology: a systematic review.
ANZ J Surg 2022;92(12):3170–5.

#1814 Gille   FINAL

Orthopaedic Surgery
SURGICAL TECHNOLOGY INTERNATIONAL Volume 45

REFERENCES

STI

CONCLUSION

AUTHORS’ DISCLOSURES


