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Abstract

Purpose The aim of this study was to compare knee awareness, based on the FJS-12 score, among three patient groups:
Anterior cruciate ligament reconstruction (ACLR), ACLR + meniscus repair and ACLR + partial meniscectomy. The rela-
tionship between FJS-12 scores and scores on other instruments (Lysholm Knee Scoring Scale, Tegner Activity Level Scale,
KOOS and WOMAC) was also evaluated.

Methods Forty-three patients were divided into group A (isolated ACLR) group B (ACLR + meniscectomy) and group C
(ACLR + meniscus repair). Graft thickness, femoral tunnel width, tibial tunnel width, tibial screw thickness and follow-up
time were evaluated in all three groups. The subjective knee scores (KOOS, WOMAC, Lysholm Knee Scoring Scale, Tegner
Activity Level Scale and FJS-12) of the groups were then compared.

Results FJS-12 scores of 43 patients were evaluated. The mean age was 26.1 + 6.5 years (range: 18-40 years). Group A: 23;
group B: 9 and group C include 11 patients. The mean FJS-12 score of group B (median: 100 [range: 98—100]) was higher
than that the others. Spearman’s rho test showed that the FJS-12 is highly compatible with the other scores.

Conclusion According to this study, FJS-12 and the other scoring systems showed that ACLR with partial meniscectomy is
the most effective surgical method to restore normal sensation in the knee.

Keywords Forgotten joint score - Knee - Patient-reported outcome - ACL reconstruction

Introduction

Different scoring systems are used in the subjective eval-
uation of pain after knee surgery, including the Lysholm
Knee Scoring Scale, the Tegner Activity Level Scale, the
Knee Injury and Osteoarthritis Outcome (KOOS), and the
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has rarely been used in patients undergoing anterior cruci-
ate ligament reconstruction (ACLR) [5, 18]. The aim of this
study was to compare knee awareness, based on the FJS-12
score, among three patient groups distinguished according to
the treatment method: ACLR, ACLR + meniscus repair and
ACLR + partial meniscectomy. We also evaluated the rela-
tionship between FJS-12 scores and scores on other instru-
ments (Lysholm Knee Scoring Scale, Tegner Activity Level
Scale, KOOS and WOMACQ).

Materials and methods
Patient selection

In this retrospective study, the hospital records of 65 patients
who underwent ACLR between January 2016 and May 2017
were reviewed. Adult patients operated by the same surgeon
using the same surgical technique with at least 1 year of
follow-up, who participated in subjective knee evaluations
during outpatient follow-up and with pathology limited to
one knee were included in the study. Patients with accom-
panying lesions other than meniscus and anterior cruciate
ligament injury (osteochondral lesion, multiple ligament
lesion), revision surgery, bone patellar tendon bone ACL
reconstruction, inside-out and outside-in meniscus repair
and were in the pediatric age group were excluded.

The 43 patients who met the inclusion criteria
were divided into group A (isolated ACLR), group B
(ACLR + meniscectomy) and group C (ACLR + meniscus
repair). Graft thickness, femoral tunnel width, tibial tunnel
width, tibial screw thickness and follow-up time were evalu-
ated in all three groups. The subjective knee scores of the
groups were then compared.

Approval for the study was obtained from the Local Eth-
ics committee of the hospital where the study was conducted
(number 2019/16-10).

Surgical technique

Arthroscopic anatomic ACLR with hamstring autograft is
performed in our center. After the hamstring autograft is
obtained, the knee is flexed to 110° and the femoral tunnel
is opened in accordance with the graft thickness using a
low anteromedial portal. The femoral side is then secured
using a button system (ToggleLoc With Ziploop; Biomet,
Warsaw, IN, USA), and the tibial side using a bioabsorb-
able screw (Gentle Threads; Biomet,) and ligament staple
(Zimmer Biomet).

In the clinic where the study is performed, partial
meniscectomy is applied in obesity, chronic degenerative
tear, complex tear, and white-white zone tears. Apart from
this, repair is applied to the meniscus tears. The rupture
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patterns in patients with meniscus tear, as determined by
diagnostic arthroscopy, are evaluated and partial meniscec-
tomy or all-inside repair (Fast-Fix 360; Smith & Nephew,
Fort Worth, TX, USA) is then performed as appropriate.
Intraarticular drains are placed in all patients at the end
of the surgery. All patients also receive an angle-adjusted
hinged knee brace during the postoperative period. On the
second postoperative day, 90° flexion is allowed after the
drains are removed, followed by 120° flexion in week 2, at
which time active quadriceps and hamstring strengthening
exercises are started. Jogging is allowed in month 2 and a
return to recreational sports in month 6.

In patients undergoing meniscus repair, weight-bearing
is not allowed for the first 1.5 months. All patients are
followed at the outpatient clinic for at least 1 year after
surgery. For posterior and midline meniscus tears, all-
inside meniscus repair is performed, while for anterior
tears outside-in meniscus repair is applied. In our study, all
patients underwent all-inside meniscus repair, performed
by the same surgeon using the same technique.

Scoring

Patient sex, age and clinical data, as well as follow-up
time, were obtained from hospital records. The thickness
of the graft used in the reconstruction, the diameters of
the femoral and tibial tunnels and the diameter and length
of the screw used for tibial side fixation were noted. The
KOOS, WOMAC, Lysholm Knee Scoring Scale, Tegner
Activity Level Scale and FJS-12 were administered to all
patients during the first year of follow-up, and the scores
were recorded in the outpatient files. These records were
examined retrospectively for this study.

Statistical analysis

Statistical analyses were performed using SPSS 25.0 IBM
Corp., Armonk, NY, USA). The normality of the data was
tested using a Shapiro—Wilk test; homogeneity of variance
was evaluated using Levene’s test. The Kruskal-Wallis
H test was applied according to the results of the Monte
Carlo simulation; the post hoc analysis was performed
using Dunn’s test. Spearman’s rho tests were used to
examine correlations between variables. Categorical vari-
ables were compared using the Fisher—-Freeman—Halton
test and Monte Carlo simulation. Quantitative data are
expressed as the mean + standard deviation (SD) or as the
median (range); categorical data are expressed as n (%).
The variables were examined at the 95% confidence level,
and a p value <0.05 was considered to indicate statistical
significance.
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Results

This study examined the FJS-12 scores of 43 patients (25
right knee, 18 left knee). The mean age of the patients
was 26.1 +6.5 years (range: 18-40 years). All patients
were found to have non-contact rotational knee trauma
while doing sports. Twenty-three patients underwent iso-
lated ACLR (group A), nine underwent ACLR with partial
meniscectomy (group B), and eleven underwent ACLR
with meniscus repair (group C). No root rupture or ramp
lesion was detected in patients included in the study. It
was determined that the ruptures that were repaired are

non-complex vertical and radial ruptures. The data of the
three patient groups are shown in Table 1.

The mean thickness of the graft was 8.07 +0.97 mm
(range: 7-10 mm), the mean femoral tunnel width was
8+ 1.06 mm (range: 610 mm), and the mean tibial tun-
nel width was 8 +1.06 mm (range: 6—10). The mean tibial
screw thickness was 9.05 +0.75 mm (range: 7-10 mm). The
mean follow-up period was 30.65 +25.23 months (range:
12-126 months). Data related to the surgical technique did
not differ significantly among the three groups.

The mean (range) scores on the various scoring systems
used in this study are shown in Table 2. The mean FJS-12
score of group B (median: 100 [range: 98—100]) was higher

Table 1 Data of the three
patient groups

Table 2 Scoring system data of

the three patient groups

Group A Group B Group C )4
(n=23) (n=9) (n=11)
Median (range) Median (range) Median (range)
Age (years) 25 (18/40) 25 (18/40) 28 (18/36) 0.930%
n (%) n (%) n (%)
Side
Right 13 (56/5) 7 (7718) 5 (45/5) 0.362
Left 10 (43/5) 2 (22/2) 6 (54/5)
Follow-up (months) 31 (12/126) 16 (12/91) 17 (12/89) 0.186%
BMI 24.5+2.1 24.8+2.4 233+1.2 0.018
Smoking status 12/23 6/9 1/11 0.019
Group A Group B Group C P
(n=23) n=9) (n=11)
Median (range) Median (range) Median (Range)
Lysholm 94 (68/100) 100 (94/100) 94 (76/100) 0.054%
Tegner 5 (4/9) 6 (5/8) 5@ 0.064%
KOOS
Symptoms and stiffness 96.43 (64.29/100) 100 (85.71/100) 92.86 (78.57/100) 0.24%
Pain 97.22 (75/100) 100 (94.44/100)€ 91.67 (80.56/100) 0.010*
Function, daily living 98.53 (85.29/100) 100 (100/100)A€ 97.06 (89.71/100) <0.001*
Function, sports and rec- 90 (40/100) 100 (80/100)€ 80 (45/100) 0.018%
reational activities
Quality of life 93.75 (37.5/100) 100 (81.25/100)A€ 75 (50/100) 0.012%
Total 97 (69.5/100) 100 (92.9/100)¢ 89.3 (79.2/100) 0.004%
WOMAC
Pain 97.2 (80/100) 100 (94.4/100¢ 91.6 (80.56/100) 0.010%
Stiffness 96.4 (64.2/100) 100 (85.7/100) 92.8 (78.5/100) 0.252K
Function, daily living 98.53 (85/100) 100 (100/100)A€ 97 (89.71/100) <0.001*
Total 97 (78/100) 100 (90.2/100)¢ 92.4 (87.9/100) 0.032%
FJS-12, Total 98 (81.25/100) 100 (98/100) 94 (87/100)AB 0.008%

p value < 0.05 was considered to indicate statistical significance (in bold)

KOOS Knee Injury & and Osteoarthritis Outcome, WOMAC Western Ontario and McMaster Universities

Arthritis Index, F/S-12 Forgotten Joint Score-12

KKruskal Wallis H test (Monte Carlo); post hoc test: Dunn’s test, fRisher—Freeman—Halton test (Monte
Carlo), “with respect to group A, Bwith respect to group B, Cwith respect to group C
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Fig. 1 Distribution of FJS-12 total score by groups

than that of group A or C. The latter group had the low-
est FIS-12 score (median: 94 [range: 87-100]) (p =0.008)
(Fig. 1). The correlation between the FJS-12 score and
the other scores was evaluated using Spearman’s rho test
(Table 3), which showed that the FJS-12 is highly compat-
ible with the other scores.

Discussion

Behrend et al. (2012) devised the FJS-12 to evaluate the
extent to which a repaired joint could be “forgotten” and
became “normal” after knee surgery. A recent study deter-
mined the correlation of the FJS-12 with other scores and
concluded that the FJS-12 is a “promising” scoring system
[4].

The FJS-12 was initially developed for evaluating the
recovery of the treated knee of arthroplasty patients. In
addition to the study of Behrend et al. (2012), Thienpont
et al. (2014) compared different knee replacement options
and found that patients with patellofemoral resurfacing had
lower FJS-12 scores than those who underwent medial uni-
compartmental knee arthroplasty or total knee arthroplasty
(TKA) [4, 11]. Hamilton et al. (2016) showed that the FJS-
12 was more sensitive and less vulnerable to ceiling effects
than the Oxford Hip Score [10]. Other studies have used
the FJS-12 to compare the results of different surgical tech-
niques [13—-17]. Most recently, Fichler et al. evaluated 100
total TKAs and concluded that the FJS-12 has several advan-
tages over other subjective scoring systems [19].

For arthroplasty, the surface material used in the repair
differs from the native tissue, similar to the graft used in
ACLR. Consequently, the sense of “normality” of the knee
may change after surgery. Two previous studies used the
FJS-12 to evaluate ACLR outcomes. In 2016, Behrend et al.
[5] showed that the FJS-12 scores of patients undergoing
ACLR were lower than those of the unoperated popula-
tion with healthy knees. In 2017, Behrend et al. compared
medium- and long-term FJS-12 scores to those of other

Table 3 Correlations between

<cores on 'the FIS-12 and the FJS-12 (total) allzaa;ents Group A (n=23) (Ciriug;; B (Cr}lriulp1 ;3

other scoring systems for the

three patient groups r p r p r p r p
Tegner 0.606  <0.001 0.552 0.006 0.522 0.149 0.822 0.002
Lysholm 0.842  <0.001 0.871 <0.001 0.603 0.086 0.778 0.005
KOOS Symptoms and stiffness  0.651 <0.001 0.718 <0.001 0.250 0.516 0.498 0.119
KOOS pain 0.853 <0.001 0.807 <0.001 0.612 0.080 0.593 0.054
KOOS Function, daily living 0.830 <0.001 0.756 <0.001 nd nd 0.721 0.012
KOOS Function, sports and 0.859 <0.001 0.881 <0.001 0.250 0.516 0.787 0.004

recreational activities

KOOS quality of life 0.815 <0.001 0.758 <0.001 0.250 0.516 0.800 0.003
KOOS total 0.905 <0.001 0.889 <0.001 0.704 0.034 0.705 0.015
WOMAC pain 0.857 <0.001 0.817 <0.001 0.603 0.086 0.591 0.056
WOMAC stiffness 0599  <0.001 0.629 0.001 0.250 0.516 0.518 0.103
WOMAC Function, daily living  0.831 <0.001 0.764 <0.001 nd nd 0.665 0.026
WOMAC Total 0.784  <0.001 0.755 <0.001 0.603 0.086 0.722 0.012

p value < 0.05 was considered to indicate statistical significance (in bold)

KOOS Knee Injury & and Osteoarthritis Outcome, WOMAC Western Ontario and McMaster Universities
Arthritis Index, FJS-12, Forgotten Joint Score-12, Spearman’s rho test, r correlation coefficient, nd not

determined
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scoring systems. They found a lower ceiling effect for the
FJS-12 compared to the WOMAC and KOOS and concluded
that the FJS-12 is a valuable scoring system not only for
TKA patients, but also for young, active patients undergoing
other knee surgeries [18]. In this study, we obtained the FJS-
12 scores of patients who underwent ACLR and examined
the compatibility of this scoring system with the Lysholm
Knee Scoring Scale, Tegner Activity Level Scale, KOOS
and WOMAC. We found strong correlations between the
FJS-12 scores and those of the other scoring systems, thus
supporting the results of Behrend et al. [18] by showing that:
(i) the FJS-12 can be used in young, active patients under-
going ACL surgery, and (ii) the FJS-12 is compatible with
other scoring systems but can also be used alone.

Hevesi et al. (2019) pointed out the necessity of meniscus
repair, due to its ability to enhance joint contact and protect
against osteoarthritis. In a study by Cinque et al. (2019), the
Tegner, Lysholm and WOMAC scores after meniscus repair
in a white-white region were lower than those after repairs
in red-red and red-white regions [20, 21]. Svantesson et al.
(2018) evaluated the data of 6,398 patients and concluded
that those who underwent combined ACLR and medial
meniscus repair showed the least improvement in symp-
toms, while those who underwent medial and lateral menis-
cus resection showed the greatest improvement [22]. In a
recent study, significant differences in outcomes between
ACLR +meniscus repair and ACLR + partial meniscectomy
groups were determined based on scoring systems other than
the FJS-12. However, our study showed that a difference is
also apparent when using the FJS-12. There are many studies
support that arthrosis develops when patients who undergo
meniscectomy. This difference in favor of the meniscectomy
group in our study is only related to the early postoperative
joint sensation. The scoring should not be expected to evalu-
ate arthrosis at the end of the first year.

It is not one of the aims of this study to reveal the rela-
tionship between smoking and meniscus repair and FJS-12
score. However, it is thought that knowing the status of
smoking may be valuable in terms of providing preliminary
information for randomized studies in which standard patient
groups are evaluated in large series of this group of patients
in the future.

A limitation of our retrospective study was that all of
the patients were male, as no data were available for female
patients. This likely reflects the socioeconomic structure of
Turkey, and specifically the geographic region in which our
center is located, where women’s participation in sports is
limited by cultural constraints, as described previously [23].
A further limitation was the small sample size. Nonethe-
less, even though the patients were divided into three groups
according to the surgical method, statistically significant dif-
ferences were demonstrated.

Conclusion

In this study, the results of the FIS-12 were highly consist-
ent with those of the Lysholm Knee Scoring Scale, Tegner
Activity Level Scale, COOS and WOMAC scores, in the
context of postoperative evaluation of ACLR outcomes.
Based on the scores on the FJS-12 and the other scoring
systems, ACLR with partial meniscectomy is the most effec-
tive surgical method to restore normal sensation in the knee.
Prospective studies with larger series and longer follow-up
periods would provide more comprehensive results and
should be performed to confirm the validity of the FJS-12
for evaluating ACLR procedures.
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