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are not associated with increased cyclops syndrome
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Abstract

Purpose: Posterior tibial slope (PTS) and static anterior tibial translation
(SATT) are established risk factors for anterior cruciate ligament (ACL) graft
rupture and may also be associated with cyclops syndrome. This study
aimed to assess whether these anatomical parameters influence the prev-
alence of cyclops syndrome after ACL reconstruction (ACLR). The
hypothesis of the present study was that increased PTS and SATT would
facilitate the development of cyclops syndrome.

Methods: Patients aged 214 years with a minimum follow-up of 6 years
who underwent primary ACLR with hamstring autograft between January
2015 and December 2017 were included. Demographic data, PTS, SATT,
concomitant lateral extra-articular tenodesis (LET) and reoperation for
cyclops syndrome were recorded. Time from index surgery to arthrolysis
was documented, with a minimum follow-up of 6 years. Subgroup analysis
regarding PTS, SATT and gender was performed. Univariate and multi-
variate logistic regression analyses were conducted to identify independent
risk factors.

Results: Of 530 patients included for analysis, 18 (3.4%) developed
cyclops syndrome at a mean of 14+9 months postoperatively (range,
6—33 months). Patients with a PTS = 12° had a 4.3% rate of cyclops syn-
drome compared with 3.2% in those with a PTS <12° (p=0.536). Patients
with a SATT =25 mm had a 5.6% rate compared with 2.7% for SATT <5 mm
(p=0.154). Female patients presented a statistically significant higher
prevalence (5.9%) compared with males (1.8%, p=0.024). Concomitant
LET did not demonstrate a protective effect (o =0.807). Female sex was the
only independent predictor of cyclops syndrome (OR, 3.3; 95% CI, 1.2-9.1;
p=0.018).

Conclusion: This study found no evidence that increased PTS or SATT
predisposes to cyclops syndrome after ACLR with hamstring autograft.
These preoperative parameters should not alert clinicians to an increased
risk of postoperative cyclops syndrome.

Abbreviations: ACL, anterior cruciate ligament; ACLR, anterior cruciate ligament reconstruction; DATT, dynamic anterior tibial translation; LEAP, lateral extra-

articular procedure; LET, lateral extra-articular tenodesis; PTS, posterior tibial slope; SATT, static anterior tibial translation.
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Level of Evidence: Level lll, retrospective case-control study.

KEYWORDS

anterior cruciate ligament reconstruction, cyclops, cyclops syndrome, posterior tibial slope,
static anterior tibial translation

INTRODUCTION

Anterior cruciate ligament (ACL) rupture is a frequent
sports-related injury, most often requiring ACL
reconstruction (ACLR) [4]. Among postoperative com-
plications, cyclops syndrome is a well-recognised
cause of extension deficit and/or pain at terminal ex-
tension, sometimes associated with an audible or pal-
pable clunk due to a fibrous nodule within the
intercondylar notch or at the tibial tunnel [16, 36]. Other
complications after ACLR include graft rupture, stiff-
ness, osteoarthritis, persistent laxity, and, more rarely,
infection, neurovascular injury or thromboembolic
events [17, 25]. Cyclops syndrome has been reported
in 2%—-10% of cases following ACLR [21]. Cyclops
syndrome must be distinguished from a cyclops lesion,
which is defined radiologically as a nodular mass in the
intercondylar notch on magnetic resonance imaging
(MRI), the current gold standard for diagnosis [21]. A
cyclops lesion is not necessarily symptomatic, whereas
cyclops syndrome refers specifically to a symptomatic
lesion [36]. The prevalence of cyclops lesions ranges
from 15% to 35% arthroscopically and from 33% to
46.8% on MRI [1, 13, 29]. Several risk factors for
cyclops syndrome have been reported, including early
postoperative extension deficit, bone-patellar tendon-
bone graft, notch morphology and patient-related fac-
tors such as older age and sex [19, 20, 36]. Female sex
has been associated with a higher risk of arthrofibrosis
and cyclops syndrome in some series, potentially
related to morphological differences such as narrower
intercondylar notches [21, 36]. Cyclops syndrome can
hinder rehabilitation, reduce functional outcomes and
generally requires arthrolysis with resection of the
lesion [21, 33]. However, when revision surgery is
necessary, postoperative range of motion (ROM)
recovery is often disappointing [26]. Better outcomes
are achieved if arthrolysis is performed within 1 year of
ACLR and followed by structured rehabilitation [10].
Posterior tibial slope (PTS) and static anterior tibial
translation (SATT) are recognised risk factors for ACL
graft rupture, as they represent anterior-posterior
translation and the mechanical load applied on the
graft [3, 18]. Repetitive microtrauma to the graft has
been suggested as a potential mechanism contributing
to cyclops syndrome formation [21]. In this context,
increased PTS may further accentuate anterior tibial
translation and potentially promote repetitive micro-
trauma, and one recent study has suggested an

association between increased PTS and cyclops syn-
drome [5]. However, the role of SATT in the develop-
ment of cyclops syndrome remains unclear.

The purpose of this study was to investigate the
relationship between PTS, SATT and the incidence of
cyclops syndrome after ACLR. The hypothesis of the
present study was that increased PTS and SATT would
facilitate the development of cyclops syndrome.

METHODS
Ethics

All patients provided informed consent for the use of
their data for research purposes, and the study was
approved by the institutional ethical board (No. COS-
RGDS-2020-03-006-DEJOUR-D).

Study design

A retrospective analysis was conducted on a consec-
utive series of ACLR performed in a sports knee
referral centre between January 2015 and December
2017. Inclusion criteria were primary single-
bundle ACLR using hamstring tendon autograft, age
=14 years, and a minimum follow-up of 6 years. Ex-
clusion criteria included additional associated proce-
dures (such as slope-reducing or coronal plane
osteotomies, cartilage surgery), revision ACLR, multi-
ligament knee injuries, chondral injuries requiring sur-
gical treatment or arthrolysis for stiffness without
evidence of a cyclops lesion. At the last follow-up, if the
patient reported having undergone surgery for ACL
graft rupture without a previous cyclops syndrome
diagnosis, the patient was excluded from this study. An
ACL graft rupture may mask an underlying cyclops
lesion that will not have the opportunity to be
diagnosed.

Surgical technique

All patients underwent ACLR with pedicular hamstring
tendon autograft. The semitendinosus and gracilis
tendons were harvested using an open stripper. Fem-
oral and tibial fixation were achieved with bioabsorb-
able interference screws (Ligafix; SBM). The femoral



tunnel was positioned centrally to reproduce both
bundles through a single-bundle reconstruction, per-
formed using an outside-in technique. A lateral extra-
articular tenodesis (LET) was systematically performed
in patients younger than 18 years of age. In patients
older than 18 years, LET was selectively performed in
the presence of genu recurvatum >10°, hyperlaxity or
pivot-shift grade 2 or 3 [15]. LET was performed using
the modified Lemaire technique, in which a 1 x9cm
strip of the posterior iliotibial band was harvested,
passed deep to the lateral collateral ligament, and fixed
with a 7mm interference screw (Ligafix; SBM) in a
femoral tunnel positioned 5mm proximal and 5mm
posterior to the lateral collateral ligament insertion, with
the knee at 80° of flexion and in neutral rotation [8].

Postoperative management

All patients were discharged home on the day of sur-
gery. A standardised rehabilitation program was fol-
lowed, beginning on postoperative day one with
isometric quadriceps activation and passive and active
ROM exercises from 0° to 90°, with a primary emphasis
on restoring full knee extension. ROM was progres-
sively advanced to achieve full ROM by 6 weeks. No
brace was used. Weight-bearing as tolerated with
crutches was permitted. Patients undergoing meniscal
repair for radial or root tears followed a non-weight-
bearing protocol, with flexion limited to 90° during the
first 3 weeks. Return to sports was generally permitted
at 9 months, based on functional and isokinetic testing.

Cyclops syndrome definition

Cyclops syndrome was defined as a postoperative
extension deficit and/or pain at terminal extension after
ACLR, in association with MRI evidence of a fibrous
nodule located either in the intercondylar notch or at
the tibial tunnel, requiring arthroscopic arthrolysis
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(Figure 1). No minimum size threshold for the lesion
was applied. At arthroscopy, the fibrous nodule had to
be clearly identified and mechanical impingement dur-
ing full knee extension had to be observed.

Identification of asymptomatic cyclops lesions
would require systematic postoperative MRI, which is
not routinely performed in our institution. Therefore, the
present study deliberately focused on clinically symp-
tomatic cyclops syndrome.

Data collection

All data were prospectively entered into our institutional
registry. Recorded variables included patient age at the
time of the ACLR, sex, laterality, last follow-up,
meniscus surgeries (repair or meniscectomy) and
concomitant LET. Preoperative knee extension deficit
was recorded in patients who developed cyclops syn-
drome. In cases of cyclops syndrome, the time interval
between ACLR and diagnosis was also documented.
Over the follow-up period, any recurrence of cyclops
syndrome was also specifically investigated.

Imaging assessment

All patients underwent standardised radiographic eva-
luation at the same institution and radiology depart-
ment. Radiographs consisted of an anteroposterior
view and a true lateral view of the knee in monopodal
weight-bearing at 20° of flexion, with a minimum of
15 cm of proximal tibia visible. Measurements of PTS
and SATT were performed on preoperative radiographs
using HOROs DICOM viewer software (version 3.3.6).
The PTS was assessed using the proximal anatomical
axis method, defined as the angle between the per-
pendicular to the tibial diaphysis and the tangent to the
anterior and posterior margins of the medial tibial pla-
teau [2]. SATT was defined as the distance between
two lines parallel to the posterior tibial cortex: the first

FIGURE 1

Cyclops syndrome identified 9 months after anterior cruciate ligament reconstruction. (a) Frontal plane magnetic resonance

imaging (MRI). (b) Sagittal plane MRI. (c) Arthroscopic view of the fibrous nodule within the intercondylar notch. Arrows indicate the cyclops

lesion.
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tangent to the posterior border of the medial tibial pla-
teau, and the second tangent to the posterior border of
the femoral condyles [3].

Patient follow-up

At a minimum follow-up of 6 years, patients were
contacted by phone and email to identify any arthrolysis
for cyclops syndrome following their primary ACLR.
Patients were considered lost to follow-up if no
response was obtained within a 6-month period. The
follow-up duration reported corresponds to the longest
available in our database. It is noteworthy that most
procedures for arthrofibrosis and cyclops syndrome
occur within the first two postoperative years [28, 29].

Subgroup analysis

Patients were stratified according to a PTS threshold of
12° and an SATT threshold of 5mm [7, 18]. These
values have previously been identified as clinically
relevant thresholds associated with an increased risk of
ACLR graft rupture [23, 27, 34]. These thresholds were
intentionally adopted to maintain consistency with ex-
isting literature and avoid introducing arbitrary new
values. Additional comparisons were performed for the
entire cohort based on gender.

Statistical analysis

Continuous variables with normal distribution are pre-
sented as mean * standard deviation, while categorical

variables are reported as absolute humbers and per-
centages. Normality of continuous data was assessed
using the Shapiro—-Wilk test. For group comparisons,
the chi-square test or Fisher's exact test (when fre-
quencies were <5%) was used for categorical vari-
ables, and either independent-samples t-test or Mann—
Whitney U-test was used for continuous variables,
depending on the normality assessment. Risk factors
for cyclops syndrome were first analysed by univariate
testing, with variables showing p<0.20 subsequently
included in a multivariable logistic regression model.
Odds ratios (OR) with 95% confidence intervals (Cl)
were reported. Fifty radiographs were independently
reviewed to calculate the intraclass correlation
coefficient (ICC) for PTS and SATT by two examiners
(D.M. and L.A.). Intracbserver reliability was evaluated
by repeating measurements twice by one examiner
(D.M.) with a 2-week interval. Statistical analyses were
performed using SPSS Statistics (version 29.0.1.0; IBM
Corp.), and statistical significance was set at p <0.05.

RESULTS
Population

A total of 674 patients met the inclusion criteria. Of
these, 115 were lost to follow-up and 29 experienced
graft rupture during the follow-up period, leaving 530
patients available for analysis. The study flowchart is
presented in Figure 2. Eighteen patients (3.4%) deve-
loped cyclops syndrome during the study period. No
recurrence of cyclops syndrome was observed
during the follow-up period. Sixteen of the 18 patients
who developed cyclops syndrome presented with an

731 patients with
Enrollment ACLR using
hamstrings
B 2015-2
ctween 2015-2017 57 excluded patients
- 27 ACLR revision
- 19 multi-ligamentous knee
injuries
- 11 cartilage surgeries
Eligible 674 patients
—'| 115 Lost of follow-up
Contact patients
by phone/e-mail 29 ACLR graft rupture during
follow-up period
Final Analysis ‘ | Total of 530 knees to analyze

FIGURE 2 Study flowchart. ACLR, anterior cruciate ligament reconstruction.



TABLE 1 Patients' demographics and radiographic
measurements.
Mean
Demographics (n=530) SD [Min-max]
Age (years) 31 11 [14-71]
Gender (female) 204 (38%)
Side (right) 283 (53%)
LET 161 (30%)
Cyclops syndrome 18 (3.4%)
Partial meniscectomy MM/LM  65/57
Meniscal Repair MM/ML 154/88
Radiographic measurements
PTS (°) 9.2 25 [2-18]
SATT (mm) 2.3 34 [-8to 14]

Abbreviations: LET, lateral extra-articular tenodesis; LM, lateral meniscus; MM,
medial meniscus; PTS, posterior tibial slope; SATT, static anterior tibial
translation.

extension deficit, with a mean deficit of 8.3°+3.5°. The
remaining two patients with no extension deficit reported
painful terminal extension limiting sports activities, with
cyclops lesions confirmed on MRI. The mean follow-up
was 94 + 16 months (range, 72-108 months), and the
mean time to cyclops syndrome was 14+9 months
postoperatively (range, 6—-33 months). No cyclops syn-
drome was observed beyond 3 years after ACLR. The
patient who underwent arthrolysis at 33 months post-
operatively initially reported only mild extension-end
pain without extension deficit and declined reoperation.
He later returned when attempting to go back to high-
level sports activity and underwent surgery. Demo-
graphic characteristics and radiographic measurements
of the cohort are presented in Table 1.

Subgroups analysis

The results of group comparisons according to the PTS
and SATT thresholds are presented in Tables 2 and 3.
Gender comparison

Female patients demonstrated a higher prevalence of
cyclops syndrome compared with male patients,
whereas no significant differences were observed for
age, PTS or SATT (Table 4).

Risk factors analysis

Univariate logistic regression analysis demonstrated
that PTS212° (p=0.597), SATT25mm (p=0.128),
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TABLE 2 Comparison of patients using a PTS threshold of 12°.

PTS <12°

(n=437) PTS212°(n=93) p-value
Age (years) 31+11 3011 0.321
Gender 166 (38%) 38 (41%) 0.605
(female %)
Side (right %) 235 (54%) 48 (52%) 0.704
Cyclops 14 (3.2%) 4 (4.3%) 0.536
syndrome

Abbreviation: PTS, posterior tibial slope.

age <18 years (p=0.597) and the presence of a LET
(p=0.807) were not significantly associated with the
occurrence of cyclops syndrome. Female sex was the
only variable significantly associated with cyclops
syndrome (OR, 3.3; 95% ClI, 1.2-9.1; p=0.018).

A post hoc power analysis was conducted at a
significance level of a=0.05 to evaluate whether the
available sample size was sufficient to detect a differ-
ence in cyclops syndrome prevalence between gen-
ders. Based on the observed proportions, the analysis
demonstrated a statistical power of 72.4%, indicating a
moderate probability of detecting the observed
association.

There were excellent intra and interobserver reli-
ability ICCs for PTS (0.940 and 0.923, respectively)
and SATT (0.950 and 0.915, respectively).

DISCUSSION

The most important finding of this study is that neither
PTS nor SATT influenced the risk of developing cyclops
syndrome following ACLR with hamstring autograft. As
these parameters are measured preoperatively, they
should not prompt clinicians to anticipate a higher
postoperative risk of cyclops syndrome. The incidence
of cyclops syndrome in this study (3.4%) is consistent
with previous reports, which estimate its prevalence
between 2% and 10% after ACLR [20, 21, 36].

Cong et al. identified PTS as a risk factor for cyclops
syndrome but did not evaluate SATT [5]. The discrep-
ancies between their findings and ours may be ex-
plained by methodological differences, particularly in
radiographic measurements and cohort characteristics,
including notch morphology, graft type, tunnel posi-
tioning and the presence of knee hyperextension.
These variations underscore the importance of com-
prehensive data collection, as the risk factors for
cyclops syndrome remain highly controversial and are
likely multifactorial. PTS and SATT, measured on pre-
operative lateral radiographs, are recognised risk fac-
tors for ACL graft failure, but they do not appear to
predict the occurrence of cyclops syndrome [18, 27].
These parameters reflect the anterior guided force
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TABLE 3 Comparison of patients using a SATT threshold of 5 mm.

SATT <5mm (n=405)
Age (years) 31+ 11
Gender (female %) 160 (40%)
Side (right %) 218 (54%)

Cyclops syndrome 11 (2.7%)

SATT 25 mm (n=125) p-value
3011 0.300
44 (35%) 0.387
65 (52%) 0.720
7 (5.6%) 0.154

Abbreviation: SATT, static anterior tibial translation.

TABLE 4 Gender comparison.

Female

(n=204) Male (n=326) p-value
Age (years) 31+13 319 0.530
PTS 9.3+24 9.1+25 0.376
SATT 2.2+31 24+36 0.607
Cyclops 12 (5.9%) 6 (1.8%) 0.024
syndrome

Note: Bold value indicates statistical significance at p <0.05.
Abbreviations: PTS, posterior tibial slope; SATT, static anterior tibial translation.

vector acting on the graft. Contrary to the initial
hypothesis, increased PTS or SATT did not increase
the risk of cyclops syndrome. One possible explanation
is that SATT was measured preoperatively, whereas
postoperative SATT is typically partially reduced fol-
lowing graft placement [3, 31]. Assessing cyclops
prevalence in relation to postoperative SATT could
therefore provide more relevant insights. Another pos-
sible explanation is that these factors may predispose
patients to the formation of cyclops lesions detectable
on MRI but not necessarily to the development of
symptomatic cyclops syndrome. Future studies directly
comparing radiological and clinical outcomes are
required to clarify whether PTS or SATT influence the
rate of cyclops lesions that remain asymptomatic.
Assessment of cyclops syndrome should primarily
remain clinically driven and subsequently supported by
imaging, rather than based on sagittal radiographic
parameters [21].

In this study, female sex was the only independent
risk factor identified. Female sex has been reported as
a risk factor for both arthrofibrosis and cyclops syn-
drome [6, 11, 22, 28]. The mechanisms underlying this
association remain unclear. Hypotheses include differ-
ences in return to pre-injury activity levels, variations in
the intensity and timing of rehabilitation after ACLR.
Alternatively, it has been suggested that women may
be more likely to seek medical attention for residual
extension deficits, thus increasing the likelihood of
diagnosis and intervention [28]. From a morphological
perspective, women generally present with narrower
intercondylar notches, which may also contribute to the
higher prevalence of cyclops syndrome [5, 24, 30].

In this study, LET did not confer protection against
cyclops syndrome. Recent data suggest that lateral
extra-articular procedure (LEAP) procedures may
reduce the risk of recurrent cyclops syndrome but not
necessarily for primary cyclops [19]. Voskuijl et al. re-
ported an increased prevalence of cyclops syndrome
when a modified Ellison technique was used for lateral
extra-articular procedures [35]. Differences in surgical
technique may therefore limit direct comparison with
these results. LEAP improved anterolateral stability
and reduced rotational stress on the graft [12]. This
distinction between primary and recurrent cyclops
syndrome warrants further investigation in larger com-
parative cohorts.

Graft type has been identified as another potential
risk factor. Patellar and quadriceps tendon autografts
have been associated with higher risks of cyclops
syndrome [19, 29]. Since these grafts were used more
selectively in primary ACLR in our centre, they were
excluded to avoid introducing selection bias.

Age was not identified as a risk factor in this study.
The literature remains inconsistent, with some studies
reporting that older age (>27 years) may be associated
with an increased risk of recurrent cyclops syndrome,
but no association was found for primary cyclops
lesion, as in this study [19].

Other potential cyclops syndrome risk factors
remain debated, such as a narrow intercondylar notch,
knee hyperextension, excessively anterior tibial and
femoral tunnel placement or concomitant meniscal
repair [1, 5, 9, 14, 29, 32, 36]. The only widely accepted
risk factor is the presence of an early postoperative
extension deficit associated with arthrogenic muscle
inhibition [9, 14].

Recurrence of cyclops lesions has also been re-
ported in the literature, but no recurrence was observed
in the present study [19]. Identified risk factors for
recurrent cyclops syndrome include older age, use of
patellar tendon grafts, absence of a LEAP, shorter time
interval between ACLR and initial cyclops surgery and
residual extension deficit at 6 weeks after arthrolysis
[19]. The absence of recurrence in this cohort is likely
related to the limited number of cyclops cases, the
absence of patellar tendon grafts and the relatively
early surgical management, which may have reduced
the risk of recurrence.
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This study has several limitations. First, its retrospec-
tive design introduces inherent biases. Approximately 17%
of patients were lost to follow-up, although this remains
acceptable given the minimum 6-year follow-up and the
young population. Among patients with suspected cyclops
syndrome who did not return to our centre, confirmation of
diagnosis was not possible. No histological confirmation of
the nodules was performed. The relatively low prevalence
of cyclops syndrome limited subgroup analyses and
reduced statistical power, increasing the risk of type Il error.
Consequently, these results should be interpreted with
caution, and larger prospective cohorts are required to
confirm these findings and also to further investigate the
influence of meniscectomy on functional tibial slope and
the development of cyclops syndrome. Nevertheless, all
eligible patients were included, and the surgical proce-
dures were performed by an experienced operator,
thereby reducing potential variability in tunnel positioning.
Finally, information on early postoperative extension defi-
cits, weight-bearing protocol, specific meniscal tear pat-
terns and repair techniques, arthrogenic muscle inhibition,
notch morphology and tunnel placement was not available,
although these may play an important role in cyclops
pathogenesis.

CONCLUSION

Neither increased PTS nor SATT was associated with a
higher prevalence of cyclops syndrome following ACLR
with hamstring autograft. These preoperative parame-
ters should not alert clinicians to an increased risk of
postoperative cyclops syndrome.
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