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Abstract 

Purpose: The purpose of this study was to perform a scoping review of published literature reporting on surgical 
management of tibial cysts which developed after ACLR.

Methods: A scoping review was conducted following the Arksey and O’Malley framework for scoping studies and 
Preferred Reporting Items for Systematic Reviews and Meta‑analyses (PRISMA) extension for scoping reviews (PRISMA‑
ScR) guidelines. A search strategy using the terms [“Tibial Cyst” AND “ACL”], [“Pretibial Cyst” AND “ACL”] was applied to 
the PUBMED database.

Results: Thirty‑seven studies published between 1990 and 2019 were a part of this scoping review. Non‑absorbable 
implants for tibial graft fixation were used in 10 studies (comprising a total 21 patients), while bio‑absorbable implants 
were used in 27 studies (comprising a total 115 patients). Incidence of tibial cyst was reported in 3 studies (434 pri‑
mary ACLRs) from whom 3.9% (n = 17) developed tibial cyst. Tibial cyst development in relation to use of bio‑absorb‑
able screws for tibial ACL graft fixation was reported in 16 studies (42.1%). Use of bio‑absorbable screws with another 
factor was found to be related to tibial cyst development in another 1 study (2.6%). Most common symptoms were 
presence of mass or swelling, pain, tenderness, drainage, instability and effusion.

Conclusion: This scoping review demonstrated that tibial cysts is more frequently related to bioabsorbable screws, 
however it can also occur due to other causes. Current literature on tibial cyst after ACLR is of low‑quality evidence. 
Future research is required to better understand aetiology, risk factors for cyst formation and the best possible mode 
of management.

Level of evidence: IV
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Background
Anterior Cruciate Ligament Reconstruction (ACLR) 
has been associated with significantly improved patient 
reported outcomes with respect to quality of life, knee 
symptoms and sports function when compared to 

non-operative treatment for patients with anterior cru-
ciate ligament (ACL) tears [5]. Development of tibial 
cyst following ACLR is a rare but known complication 
of ACLR. To our knowledge Sgaglione was the first to 
report a tibial cyst related to ACLR [57].

Tibial graft fixation in ACLR was initially attained with 
staples, screws, washer posts and sutures tied directly to 
bone. Significant improvements have been witnessed in 
the make and design of implants for tibial graft fixation. 
Bio-absorbable screws have been developed and their use 
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has facilitated surgeons to overcome some complications 
related to non-absorbable implants [50]. Bio-absorbable 
materials are a popular method of tibial fixation due to 
advantages like the absence of artefacts on postoperative 
magnetic resonance imaging (MRI), simpler revision sur-
gery and less graft damage compared to metallic implants 
[2, 16, 30, 44]. Unfortunately, bio-absorbable screws 
aren’t exempt of complications, and several authors have 
related them to tibial cyst development after ACLR and 
ghost screws formation [16, 25, 53].

Furthermore, available literature about surgical treat-
ment of tibial cysts following.

ACLR is scarce. For these reasons, a scoping review, 
was conducted in order to map the extent, range and 
quality of literature associated with development of tibial 
cysts after ACLR, giving an overview that further helps 
clinicians. A scoping review methodology was selected 
because this approach is considered to be superior when 
addressing an exploratory research question [27, 47].

Review
Study selection
A scoping review of the literature was conducted in 
accordance with the Preferred Reporting Items for Sys-
tematic Reviews and Meta-analyses (PRISMA) extension 
for scoping reviews (PRISMA-ScR) guidelines [63] and 
the methodological framework of Arksey and O´Malley 
[6]. The study protocol was registered with the open sci-
ence framework study registry prior to commencing 
data collection – OSF [73] database (reference blinded 
for review). The five-stage methodological framework in 
a scoping review of Arksey and O’Malley [6] were fol-
lowed: as (1) the identification of a research question; (2) 
identifying the relevant studies; (3) the selection of stud-
ies to be included in the review; (4) data extraction from 
the included studies; and (5) collating, summarizing, and 
reporting the results of the review.

1. Identification of research questions
 The research question was “What is known from the 

existing literature regarding development and man-
agement of tibial cyst after ACLR?”.

2. Identifying Relevant Studies
 Studies were identified by applying the search strat-

egy to the PubMed database. The following key-
words were included [“Tibial Cyst” AND “Anterior 
Cruciate Ligament”], [“Pretibial Cyst” AND Ante-
rior Cruciate Ligament”] with automatic mapping 
to Medical Subject Headings terms. The search was 
conducted on May 16, 2020 (search date last exe-
cuted), by 2 independent investigators (XX. and YY) 
(Table  1). Limits were applied to retrieve English-

language, Spanish-Language and Portuguese-Lan-
guage articles published. Both investigators reviewed 
the titles and abstracts of all identified records and 
potentially eligible studies were retrieved for full-
text review. Reference lists of these articles were also 
reviewed, and any further potentially eligible studies 
were identified.

3. Study selection
 All identified studies reporting clinical outcomes of 

tibial cyst surgery after ACLR were included. The fol-
lowing article types were excluded: non-clinical stud-
ies such as cadaveric and animal studies. The senior 
author resolved any disagreements between investi-
gators regarding whether a study met the eligibility 
criteria.

4. Data Extraction

The included studies were analysed in details and data 
from each was recorded in Excel 2013 (Microsoft Corp., 
Redmond, WA) and then subjected to a stepwise analy-
sis. The recorded data from each study included patients’ 
demographic and clinical information, imaging find-
ings and peri-operative findings. With demographics, 
patients’ clinical information consisted of the symptoms 
at presentation, their duration and their effect on activi-
ties of daily living. The imaging findings recorded from 
the pre-operative MRI were presence of tibial tunnel 
enlargement and presence of tibial communication with 
the knee joint. Recorded peri-operative findings included 
details of surgical technique for managing tibial cyst, sta-
tus of bio-absorbable screws, and intra operative testing 
of joint communication with tibial cyst. Findings of tissue 
sample screening by a microbiologist, and histopatholo-
gist were recorded. Complications including failure 
(defined as recurrence of tibial cyst after surgical exci-
sion) were recorded and evaluated.

Collating, summarizing and reporting the results
Due to a small number of published studies and hetero-
geneity between them, no statistical analyses were per-
formed. Instead, the findings were summarized through 
a narrative analysis of the included published literature. 
The risk of bias in included case series was assessed 
using the Methodological Index for Non-Randomized 
Studies (MINORS) [60]. Overall quality of evidence for 

Table 1 Literature search sequence on Pubmed—Tibial cysts 
after ACLR (last performed on March 27, 2020)

1 Tibial Cyst ACL 94 items

2 Tibial Cyst 1218 items

3 Pretibial cyst ACL 24 items

4 Pretibial Cyst 32 items
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each of the potential risk factors studied was assessed 
using the GRADE (Grading of Recommendations 
Assessment, Development and Evaluation) working 
group criteria [28].

Results
Application of the search strategy identified 1368 records 
from the searched databases. With title and abstract 
screening, 98 potentially relevant studies were isolated. 
65 studies were removed as they were duplicates, 9 addi-
tional records identified from another source (33 stud-
ies references review) and 5 papers were excluded on 
full text examination. Thirty-seven studies were eligible 

for inclusion in the systematic review. The flow-chart of 
studies is represented in Fig. 1. The publication dates of 
the included studies ranged from 1999 to 2019. Using the 
adjusted Oxford Center For Evidence-Based Medicine 
criteria [74, 75] for the level of evidence we found that 1 
study was Level I [11], 1 Level II [25], 1 Level III [57] and 
34 studies were level IV [1, 3, 10, 12–17, 19–21, 23, 29, 
33, 36, 42, 43, 46, 49, 51, 53, 54, 56, 58, 59, 62, 64–66, 69, 
71, 72] case series or case reports.

Basic characteristics of included studies
From all the included studies, 136 patients were evaluated 
with mean age of 31.0 (14 – 57) years. Main symptoms 

Fig. 1 Flow‑chart of identification, screening, and selection of studies
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following tibial cyst development after ACLR were mass 
or swelling in the area of tibial tunnel, pain, instability, 
and fluid discharge from the earlier surgical incision. 
Mean time to surgery was 40.2 (0.2 – 240) months. Inci-
dence was calculated in 3 studies comprising a total 434 
patients from whom 3.9% (n = 17) developed tibial cyst. 
Follow-up after the surgery for tibial cysts was reported 
in 28 studies comprising a total 122 patients. The mean 
duration of reported follow-up was 37.7 (2 – 70) months. 
All the data of interest from the included studies have 
been illustrated in Table 2.

Non-absorbable implants for tibial graft fixation were 
used in 10 studies (comprising a total 21 patients), while 
bio-absorbable implants were used in 27 studies (com-
prising a total 115 patients). Composition of bio-absorb-
able screws and frequency of development of tibial ACL 
cysts with their use are described in Table 3.

The methodological quality of included case series 
evaluated by the MINORS tool varied between 5 and 8 
indicating a high risk of bias (Additional file 1).

 The overall strength of the evidence available in 
the scoping review using GRADE recommendations 
(Table 4) was very low.

Tibial cyst development
Tibial cyst development in relation to use of bio-absorba-
ble screws for tibial ACL graft fixation was reported in 16 
studies (42.1%). Use of bio-absorbable screws and reac-
tion to suture material was found to be related to tibial 
cyst development in one study (2.6%) [64]. Development 
of tibial cyst was also related to communication between 
the tibial tunnel and knee joint in 8 studies (21.1%), other 
causes were appointed in 9 articles (21.1%): increased 
synovial fluid production [13], tendon necrosis [19], 
suture fragments reaction [56], allograft tendon [10], 
graft micro-motion [36], infection [46, 49, 69] and mul-
tifactorial aetiology [72]. Also, 3 studies did not provide 
any information on the reason for development of tibial 
cysts.

Imaging findings
Tibial tunnel enlargement was assessed in 25 studies 
comprising of 53 patients. Thirty-eight (71.7%) of them 
were found to have ACL tibial tunnel enlargement in 
either pre-operative x-ray or MRI scan done before the 
surgery for tibial cyst.

Communication of the ACL tibial tunnel with the knee 
joint was evaluated in preoperative MRI scans in 23 stud-
ies (comprising a total 91 patients).

Communication could be identified in 14 patients and 
was not present in 85.4% (n = 80) patients.

Surgical findings
Surgical procedure technique was reported in 37 arti-
cles (comprising a total 136 patients) in 55.9% (n = 76) 
of them, cyst excision was associated with curettage 
and bone (allo or auto) grafting. Also, in 12,5% (n = 17) 
isolated cyst excision was performed and in 31.6% 
(n = 43) curettage and excision were performed.

Screw absorption status at time of surgery was 
reported in 24 articles comprising a total 97 patients, 
21.6% (n = 21) of them reported an intact screw 
implant, 60.8% (n = 59) presented a partially resorbed 
screw and in 17.9% (n = 17) screw was completely 
resorbed at the time of tibial cyst surgery.

In 90% of patients autograft was used (n = 122, 106 
hamstring, 14 patellar tendon, 2 iliotibial band). The 
remaining used allograft (n = 14, 6 Achilles tendon, 4 
tibialis anterior tendon, 4 NR).

Tissue processing
Samples from the cyst were sent for processing either 
to the microbiologist and/or to the histopathologist. 
Presence of infection was reported in 3 patients from 
16 studies (comprising a total 102 patients) in which the 
tissue sample was sent to the microbiologist for evalua-
tion. Organism isolated in these 3 patients was different 
in each. Staphylococcus epidermidis, Propionibacterium 
acnes and Mycobacterium fortuitum were the organ-
isms isolated in the three patients.

Tissue sample was sent for analyses to a histopathol-
ogist in 29 studies, comprising a total 112 patients. 
Foreign body reaction was found to be present in 10 
patients (9%).

Complications
The only reported complications of Tibial cyst excision 
after ACLR were recurrences of tibial cyst after surgi-
cal management reported in 4 patients in 4 different 
studies.

Discussion
The most important finding of this study is that tibial 
cyst in ACLR, is more frequently related to bio-absorb-
able implants, however it also has been related to other 
causes.

Clinical presentation and aetiology
Our scope identified tibial cysts occurring with several 
types of fixation methods, screw composition and aux-
iliar fixation methods as described in Table 3. Typically, 
tibial cyst after ACLR presents with mass or tenderness 
over the distal tibial aperture within 40.2 months after 
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Table 3 Method of fixation, interference screw composition and auxiliar fixation frequency

Fixation method Frequency

NR 1 (0,7%)

None 3 (2,2%)

Screw washer 1 (0,7%)

Screw washer + metal interference screw 1 (0,7%)

Screw washer + staple (removed before cyst development) 1 (0,7%)

Screw washer + 2 staples (removed before cyst development) 1 (0,7%)

Screw washer + poly-L-lactide (PLLA) interference screw 1 (0,7%)

Staple 2 (1,5%)

Staples 2 3 (2,2%)

Staples 2 (removed before cyst development) 1 (0,7%)

Staple + not reported bioabsorbable interference screw 3 (2,2%)

Staple + poly-L-lactide (PLLA) + hydroxyapatite (HA) interference screw 1 (0,7%)

Ethibond 4 (2,9%)

Over a post Ethibond 1 (0,7%)

Over a post Ethibond + poly-L-lactide (PLLA) interference screw 1 (0,7%)

Over a post + poly-L-lactide (PLLA) interference screw 1 (0,7%)

Bioabsorbable cross pin in PLLA + poly-L-lactide (PLLA) interference screw 2 (1,5%)

PLLA SwiveLock + poly-D,L-lactide (PDLLA) + β-tricalcium phosphate (β-TCP) Interference screw 2 (1,5%)

Metal interference screw 2 (1,5%)

Not reported bioabsorbable interference screw 12 (8,8%)

Poly(lactic-co-glycolic) acid (PLGA) interference screw 1 (0,7%)

Poly-L-lactide (PLLA) + hydroxyapatite (HA) interference screw 32 (23,5%)

Poly-L-lactide (PLLA) + β-tricalcium phosphate (β-TCP) interference screw 27 (19,9%)

Poly-L-lactide (PLLA) interference screw 23 (16,9%)

Poly-D,L-lactide (PDLLA) + β-tricalcium phosphate (β-TCP) interference screw 4 (2,9%)

Poly-D,L-lactide (PDLLA) interference screw 1 (0,7%)

Poly(lactic-co-glycolic) acid (PLGA) interference screw 1 (0,7%)

Poly(D,L-lactideecoglycolide) (PDLG) + calcium carbonate interference screw 4 (2,9%)

Interference screw composition Frequency

NR 1 (0,7%)

None 17 (12,5%)

Metal 3 (2,2%)

Not reported bioabsorbable 15 (11%)

Poly-L-lactide (PLLA) 28 (20,6%)

Poly-L-lactide (PLLA) + hydroxyapatite (HA) 33 (24,3%)

Poly-L-lactide (PLLA) + β-tricalcium phosphate (β-TCP) 27 (19,9%)

Poly-D,L-lactide (PDLLA) 1 (0,7%)

Poly-D,L-lactide (PDLLA) + β-tricalcium phosphate (β-TCP) 6 (4,4%)

Poly(lactic-co-glycolic) acid (PLGA) 1 (0,7%)

Poly(D,L-lactideecoglycolide) (PDLG) + calcium carbonate 4 (2,9%)

Auxiliar fixation Frequency

NR 1 (0,7%)

None 109 (80,1%)

Removed before cyst 3 (2,2%)

Screw washer 3 (2,2%)

Staple 6 (4,4%)

Staples 2 3 (2,2%)

Ethibond 4 (2,9%)

over a post Ethibond 2 (1,5%)

over a post 1 (0,7%)

Bioabsorbable cross pin in PLLA 2 (1,5%)

PLLA SwiveLock 2 (1,5%)
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the primary procedure, although immediate or late-
term presentations have also been reported.

This scoping review reveals that tibial cyst develop-
ment after ACLR is a rather uncommon condition. 
Incidence of tibial cysts was reported by Ramsingh 
et  al. being up to 5% at 2–3 years [53]. Overall in this 
review, incidence could be calculated in 3 articles total-
ling a total 434 patients, 3.9% of them (n = 17) devel-
oped tibial cyst after ACLR.

Bioabsorbable implants were used in 27 studies and 
non-absorbable implants for tibial graft fixation were 
used in 10 studies. The biggest frequencies of tibial 
cysts were associated to bioabsorbable screws – 23.5% 
were poly(L-lactic) acid (PLLA) + hydroxyapatite (HA), 
19.9% were PLLA + B-tricalcium phosphate (B-TCP) 
and 16.9% were PLLA interference screws (Table 3).

Tibial cyst formation has been linked to several 
causes, such has foreign body reaction [53], leakage of 
joint fluid through the tunnel [62], intraosseous graft 
necrosis with incomplete graft incorporation [66] and 
graft micro-motion [59, 64, 66], among other causes. 
Development of tibial ACL cysts has also been con-
troversially linked to the tibial graft fixation methods. 
[26, 59, 62, 64, 66]. In our scoping review, almost half 
(42.1%) of the studies related tibial cyst development to 
the use of bio-absorbable implants.

Bio-absorbable implants
Bio-absorbable implants were developed in order to 
address the limitations with the use of non-absorbable 
implant. Some of the concerns with the use of non-
absorbable implants include screw breakage, artefact in 
MRI, and hardware interference in ACL Revision and 
subsequent need for hardware removal [44]. The natu-
ral history of the bio-absorbable implant is that it will 
be absorbed and replaced by bone in the tibial tunnel, 
however this isn´t consistently seen in  vivo [7, 52, 67]. 
Through our review we found complete absorption of the 
screw evident in only 17 (17.9%) patients. Others either 
remain partially resorbed or un-resorbed. Also, though 
bio-absorbable address some of the limitations encoun-
tered with the use of non-bioabsorbable screws, their use 
is not without complications. Complications in ACLR, 
[38] related to the use of bio-absorbable tibial ACL 

screws include foreign body reaction [26], breakdown 
[64], migration and tibial cyst formation.

Degradation of bioabsorbable materials occurs over 
five stages: hydration, depolymerization, loss of mass 
integrity, absorption and elimination [52]. During hydrol-
ysis, the screw may release acid products (resultant from 
screw composition degradation) harmful to surrounding 
tissues. As so, different materials result in different deg-
radation products, with different effects on surrounding 
tissues, and different timings of degradation which may 
lead to fluid collection on the bone tunnel and progress 
to tibial cysts [68, 70].

Bone tunnel fluid collections are common in ACLR, 
however not all fluid collections in the bone tunnel 
mature into tibial cysts [67]. Moreover, fluid collection 
can resolve [55]. Chevallier et  al. present the biggest 
series of reported tibial cysts after ACLR in a retrospec-
tive clinical study that included 53 patients with an aver-
age 4.6  years (+ -3.1  months) after primary ACLR. The 
authors found that bio-absorbable interference screws 
absorption can be symptomatic independent of screw 
composition and correlated tibial cysts to bio-absorbable 
screw absorption [16]. Unfortunately, the authors didn´t 
provide individual results database.

However, some prospective imaging studies following 
up bio-absorbable implants fail to report on tibial cysts. 
Tecklenburg et al. despite a short follow-up of 24 months 
after ACLR, reported no inflammatory response in the 
tibial tunnels in a prospective imaging study of patients 
with bio-absorbable and allograft screws [61]. Further-
more, Barber et al. in a long-term study of bio-absorba-
ble screws degradation, demonstrated no tibial cysts and 
complete degradation with no screw remnant at 3 years 
after BPTB (Bone patella tendon bone) graft ACLR in 14 
patients [8]. Also, Jonhston et al. in a computed tomog-
raphy study of 65 patients after ACLR with bioabsorb-
able screw showed no tunnel enlargement, osteolysis or 
reported tibial cysts at long term [35]. Thus, other causes 
may also be related to tibial cyst development.

Non-absorbable implants and other tibial cyst causes
Tibial cysts development was already described in early 
ALCR articles with non-absorbable methods of fixation. 

Table 4 Quality of evidence of literature on Tibial cyst development after ACLR

Risk Factor Risk of Bias Inconsistency Indirectness Imprecision Grade

Bioabsorbable screw likely unexplained heterogeneity indirect imprecision very low

Tibial Comunication unlikely unexplained heterogeneity indirect imprecision very low

Graft Type unlikely unexplained heterogeneity indirect imprecision very low

Infection unlikely unexplained heterogeneity indirect imprecision very low
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Our scoping review included 10 articles in which non-
absorbable implants were used for graft fixation. These 
authors related tibial cysts with several causes such as 
drainage from the joint through the tibial tunnel, which 
could be caused by a tunnel with difference in diameter 
in relation to the graft, eccentric positioning of the ten-
don in the bone tunnel, intraosseous tendon necrosis 
during graft incorporation [19], incomplete allograft 
incorporation [15, 33, 59, 66], graft micro-motion [36, 59, 
64, 66], synovitis [13] and foreign body reaction due to 
non-absorbable suture [56].

Victoroff et al. and Simonian et al. described tibial cyst 
after ACLR with non-absorbable implants, the authors 
associated incomplete graft tissue incorporation in the 
bone tunnel to tibial cysts. Accordingly, graft necro-
sis led to synovialization that allowed synovial fluid to 
be transmitted through the tibial tunnel [59, 66]. As so, 
hydrostatic pressure within the knee joint would drive 
synovial fluid allowing accumulation and development 
of tibial cyst [41, 64, 66].

Furthermore, prospective imaging studies have failed 
to show difference in tibial cyst formation between bio-
absorbable and non-absorbable fixation implants.

In a systematic review by Debieux et  al. [18] on bio-
absorbable versus metallic screws for graft fixation in 
anterior cruciate ligament reconstruction, the authors 
chose to include 12 randomised controlled trial published 
between 1995 and 2015 [4, 9, 22, 24, 31, 32, 34, 37, 39, 40, 
45, 48]. Of the included studies only Arama et al. reported 
tibial cyst formation, and according to the authors there 
were no differences between bio-absorbable (4 of 17 pts 
PLLA-HA) and non-bioabsorbable (3 of 19 pts Titanium) 
groups in cyst formation or graft integration [4].

Surgical preference
In our scoping review surgical resection and bone graft-
ing was the most preferred surgical approach in 84 
patients (61.76%). Tibial cyst recurrence was reported in 
only 4 patients [11, 56, 66, 72].

Communicating vs non-communicating tibial cyst
Distinguishing between communicating and non-com-
municating cysts might be helpful in further understand-
ing the cause of tibial cyst development as described by 
Zicaro [72]. Communication between joint and tibial tun-
nel is in theory always possible after ACLR procedure. 
Depending on the amount of communication, hydrostatic 
pressure in the tibial tunnel may lead to tibial cyst forma-
tion at early, medium or long-term [66]. Thus more than 
one factor may be responsible for formation of tibial ACL 
cysts as pointed out by Zicaro [72] and other authors.

This review identified when using bio-absorbable 
implants (28 articles), 19 (67.8%) articles evaluated tibial 
communication with the joint with MRI and communi-
cation was found in 12 (13.6%) patients. During surgical 
procedure 19 (67.8%) articles evaluated tibial communi-
cation with the joint communication – it was found in 10 
(11.2%) patients. However, probing the tibial tunnel with 
an arthroscopic probe may not be enough to rule out 
tibial tunnel communication. Noteworthy, in our review 
only one article performed a fistulogram with radio-
graphic contrast dye in order to confirm communication 
of tibial tunnel with the joint [66].

Histopathology
In our scope we found 10 patients with histopathology 
report of foreign body reaction, overall, we encoun-
tered great variability among the reports (Table 2).

Study limitations and strengths
The limitation of this of this scoping review is the inclu-
sion of mostly level IV studies. However, it is worthy 
to include them as the incidence of occurrence and 
reporting of ACL tibial cyst is low. Thus, every piece of 
information will contribute to better understanding of 
incidence, natural history, pathology, and best possible 
management of tibial cysts after ACLR.

The strength of this scoping review is that the authors 
have managed to create an up-to-date evidence-based 
resource on tibial cysts after ACLR. Though the level of 
evidence is low, all the evidence consolidated will certainly 
help the authors of future studies to better understand 
the patient characteristics, preoperative imaging find-
ings, surgical findings and biopsy related to the tibial cysts 
after ACLR. The resource will also facilitate clinicians 
who encounter this complication to be equipped with evi-
dence-based knowledge related to tibial cysts after ACLR.

Conclusions
In our understanding, the major finding of this scope is 
that tibial cyst in ACLR, is more frequently related to bio-
absorbable implants, however it also has been related to 
other causes. The natural history behind the development 
of these cysts and their best possible management is still 
controversial. More standardised reporting on patients 
who develop tibial cysts is needed to further add to the 
existing knowledge and understanding related to the tib-
ial cysts after ACLR in the published literature.
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