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ABSTRACT

This study aims to present a systematic review and synthesized evidence on the epidemiological factors, diag-
nostic methods and treatment options available for this phenomenon. A multi-database search (OVID Medline,
EMBASE and PubMed) was performed according to PRISMA guidelines on 18 June 2019. All studies of any
study design discussing on the epidemiological factors, diagnostic methods, classification systems and treatment
options of the wave sign were included. The Newcastle-Ottawa quality assessment tool was used to appraise
articles. No quantitative analysis could be performed due to heterogeneous data reported; 11 studies with a total
of 501 patients with the wave sign were included. Three studies examined risk factors for wave sign and con-
cluded that cam lesions were most common. Other risk factors include alpha angle >65~ (OR=4.00, 95% CI:
1.26-12.71, P=0.02), male gender (OR 2.24, 95% CI: 1.09-4.62, P=0.03) and older age (OR=1.04, 95% CI:
1.01-1.07, P=0.03). Increased acetabular coverage in setting of concurrent cam lesions may be a protective factor.
Wave signs most commonly occur at the anterior, superior and anterosuperior acetabulum. In terms of staging ac-
curacy, the Haddad classification had the highest coefficients in intraclass correlation (k=0.81, 95% CI: 0.23-
0.95, P=0.011), inter-observer reliability (k=0.88, 95% CI: 0.72-0.97, P<0.001) and internal validity (k=0.89).
One study investigated the utility of quantitative magnetic imaging for wave sign, concluding that significant
heterogeneity in T1, and T2 values (P<0.05) of acetabular cartilage is indicative of acetabular debonding. Four
studies reported treatment techniques, including bridging suture repair, reverse microfracture with bubble decom-
pression and microfracture with fibrin adhesive glue, with the latter reporting statistically significant improve-
ments in modified Harris hip scores at 6-months (MD=19.2, P<0.05), 12-months (MD=22.0, P<0.05) and
28-months (MD=17.5, P<0.001). No clinical studies were available for other treatment options. There is a
scarcity of literature on the wave sign. Identifying at risk symptomatic patients is important to provide prompt
diagnosis and treatment. Diagnostic techniques and operative options are still in early developmental stages.
More research is needed to understand the natural history of wave sign lesions after arthroscopic surgery and
whether intervention can improve long-term outcomes. Level IV, Systematic review of non-homogeneous studies.
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INTRODUCTION

Hip arthroscopy is an established surgical approach for
diagnosing and treatment of chondral and labral inju-
ries of the hip joint. While labral injuries can be more
readily visualized on preoperative imaging, certain
chondral injuries may only be demonstrable intraopera-
tively [1]. In particular, acetabular debonding may be
diagnosed intraoperatively by observing the ‘wave sign’
(also known as the ‘carpet phenomenon’ or ‘bubble
sign’) [2].

Some reports have associated the wave sign with chondral
tears due to the wavy appearance of intra-articular cartilage
fibrils of the chondral flaps in hip arthroscopy [3]. This de-
scription is inaccurate. Rather, the wave sign is an intrao-
perative diagnostic sign that is elicited by pushing the
lateral border of the acetabular chondral surface, resulting
in a rippling of the chondral surface that resembles a wave
[4]. Hence, the injury may not be readily perceptible on
conventional preoperative magnetic resonance imaging
(MRI) because the delaminated cartilage would sit flushed
on the underlying bone when the lateral border is not
probed [4].

There is a paucity of literature on the wave sign to guide
decision making. Given its high association with cam
lesions, there is a propensity to progress into full thickness
defects, exposure of subchondral bone and eventual degen-
erative arthritis [4-6]. Hence, there is value to provide
early synthesized evidence to raise the awareness of diag-
nostic and operative techniques to treat the wave sign.
Hence, the aim of this systematic review is to present evi-
dence on the epidemiological factors, clinical presentations,
classification systems, diagnostic methods, intraoperative
findings and outcome of treatment options associated with
this phenomenon.

MATERIALS AND METHODS

Definition

The wave sign, also known as bubble sign or carpet phe-
nomenon is an intraoperative finding associated with ace-
tabular cartilage debonding [2]. Similar to Jannelli et al.
[4], for the purpose of this review, we defined acetabular
debonding as an area of degenerated cartilaginous surface
at the chondrolabral junction. This results in a partial de-
tachment of the articular cartilage from the subchondral
bone without exposing it and without interruption of the
articular surface. Debonding is considered to be an early to
intermediate grade of chondral damage, usually not associ-
ated with the presence of osteoarthritis [4, 7].
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Literature search strategy
This study was performed in accordance with the
Preferred Reporting Items for Systematic Reviews and
Meta-analyses (PRISMA) criteria [8]. A comprehensive
search was conducted using multiple electronic data-bases
(PubMed, Ovid MEDLINE and Embase) from the date of
inception until 18 June 2019. The Medical Subject
Headings and Boolean operator terms used for the search
were ‘(hip joint OR hip arthroscopy OR Acetabulum)
AND (bubble OR wave OR delamination OR impinge-
ment)’. The identified articles and their corresponding
references were reviewed according to the selection criteria
for consideration of inclusion in the study.

Selection criteria
All articles that described the epidemiological factors, diag-
nostic methods, classification systems or treatment options
of the wave sign were included in the study. Non-English
language studies, non-peer reviewed studies, unpublished
manuscripts, conferences and abstracts were excluded.
Two independent authors (J.D.O. and J.R.O.) reviewed
the records that were retrieved in the initial search and
excluded those that were duplicates or published in non-
English language. The titles and abstracts of the remaining
articles were then screened against the inclusion criteria.
Only articles meeting the inclusion criteria were accepted
and critically reviewed according to a predefined data ex-
traction form. At the end of the selection process, any dif-
ferences in opinions regarding the inclusion of articles was
resolved by discussion among authors.

Data extraction
Extracted data parameters included details on study design,
publication year, patient numbers, basic demographics,
study characteristics, clinical presentation, classification sys-
tems, radiographic results, treatment outcomes and
complications.

Methodology assessment

The Newcastle-Ottawa Quality Assessment Tool [9] was
used to critically appraise the standards of cohort and case-
controlled studies included in our review. The Newcastle—
Ottawa appraises three main categories, namely selection,
comparability and outcome, which consist of four, one and
three items, respectively. Each study can be awarded a
maximum of one point for each item within the selection
and outcome categories, while a maximum of two points
can be awarded for comparability. The number of points
awarded is compared against the threshold standards out-
lined by the Agency for Healthcare Research and Quality
(AHRQ).
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Statistical analysis
No statistical analysis was performed due to a lack of con-
sistent reporting of data. Data presented in this study are a
synthesis of the limited evidence currently available.

RESULTS

Literature search and study details

Article selection was performed according to PRISMA
guidelines as illustrated in Fig. 1 [8]. A total of 5520 stud-
ies were identified from the initial search, of which 2324
duplicates and 160 non-English studies were removed.
Titles and abstracts of remaining 2819 studies were
screened with 332 full text articles scrutinized. A total of
11 articles were included in the review.

Methodology assessment
The individual points awarded to each item within differ-
ent categories of the remaining studies are illustrated in
TableI. Overall, there are six good quality and three poor

)

quality studies as outlined by the AHRQ standards. The
existing literature currently provides some evidence for the
epidemiology, risk factors, site of lesion and reliability of
classification systems. However, evidence on diagnostic
techniques and treatment options are still sparse, with no
clinical comparisons made with other plausible options.
Two studies were technical reports and excluded from
methodology assessment.

Demographics
A total of 11 studies consisting of 1327 patients and 1340
hips were included. Of six studies reporting mean age, the
aggregated mean age of 501 patients with confirmed ace-
tabular debonding was 35.8 years. Only 2 studies reported
follow-up periods with a mean period of 25.2 months.
Three studies [4-6] discussed on the epidemiology, inci-
dence and risk factors of wave sign; one study [10] dis-
cussed diagnostic imaging of cartilage debonding; three
studies [11-13] discussed on the reliability of classification
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Fig. 1. PRISMA search flowchart.
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Table III. Comparison of different classification system
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Grade Beck Chondral/Haddad MAHORN Modified Outerbridge
0 Normal; macroscopically sound Normal; macroscopically sound ~ Normal; macroscopically Normal; macroscopically sound
cartilage cartilage sound cartilage cartilage
lorA Malacia; roughening of surface, Loss fixation to the subchondral | Focal or extensive softening  Cartilage with softening and swelling
fibrillation bone resulting in a wave sign
JorB Debonding, loss of fixation to the Cleavage tear, separation at the | Detached cartilage from A partial-thickness defect with fissures on
. I . . the surface that do not reach subchon-
subchondral bone, macroscopic- chondrolabral junction, but bone with intact periphery|
. . - dral bone or exceed 1.5 cm in diameter
ally sound cartilage, carpet no evidence of delamination
phenomenon
2a — — Fibrous degeneration of cartilage,
debonded by subchondral bone,
without any interruption of fibrous
layer
3orC Cleavage, loss of fixation to the sub- Macroscopic delamination of Pocket; detached cartilage Fissuring to the level of subchondral
chondral one; frayed edges, thin- the articular cartilage from bone with one free bone in an area with a diameter
ning of the cartilage, flap edge more than 1.5 cm
4orD Full-thickness defect Exposed subchondral bone Flap; detached cartilage from  Exposed subchondral bone
bone with more than one
free edge
SorE — — Exposed with no coverage —
over bone
Additional — Zones: 1 (anteroinferior), 2 — —

(anterosuperior), 3 (middle
superior), 4 (posterosupe-
rior), S (posteroinferior), 6

(middle inferior)

Distance of lesion from acetabu-

lar rim to cotyloid fossa: A
(<1/3 of distance), B (1/3-

2/3 of distance), C (>2/3 of

distance)

Red boxes correspond to the classification grade of wave sign in different classification system

systems of to diagnose wave sign and four studies [14-17]
on the treatment and outcomes of cartilage debonding
(Table II).

Incidence and epidemiology
Three retrospective studies reported on the incidence of
wave sign in patients undergoing hip arthroscopy [4-6].
Across these three studies, a total of 1139 patients and
1152 hips underwent hip arthroscopy, indicated by hip
pain for a minimum of 3 months with no previous inter-
ventions or known injuries [4-6]. About 48.6% (472/972)
of hips were diagnosed with femoroacetabular impinge-
ment (FAI) as the main cause of hip pain, of which $8.1%

(274/472) had cam-type FAL The wave sign was noted
intraoperatively in 35% (402/1152) of hips [4-6]. The
mean age of patients from the three studies was 38.6 years
[4-6] (Table I1).

Risk factors and comorbid injuries
Three studies reported that cam-type FAI was the most
common risk factor found to have a positive correlation
with wave sign noted in hip arthroscopy [4-6]. They
reported that an alpha angle greater than 65~ (OR=4.00,
95% CI: 1.26-12.71, P=0.02), the male gender (OR 2.24,
95% CI: 1.09-4.62, P=0.03) and older age (OR=1.04,
95% CI: 1.01-1.07, P=0.03) were also found to be
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independently associated with having a positive wave sign
as well as more severe chondral damage [4-6]. On the
other hand, Beaule et al. [6] reported that acetabular cover-
age (OR=0.94, 95% CI: 0.89-0.99, P=0.01) was a protect-
ive factor, especially when centre-edge angle is above 40
in the presence of concurrent cam-type FAL Janelli et al.
[4] also reported that the wave sign was positively corre-
lated with the presence of isolated cam-type (OR=5.87,
P<0.01) and pincer-type (OR=1.79, P<0.03) FAL
Amongst various associated intra-articular lesions, labral
lesions (94.25%, P<0.01), ligamentum teres lesions
(28.32%, P<0.05) and femoral head chondral lesion
(19.9%, P<0.01) were most frequently associated with the
wave sign.

Histology

Only one study described the histological findings of the
delaminated cartilage [4]. Histological examination showed
hypocellularity (about 30% of normal) associated with
fragmentation and fissuring within the matrix, extending
deep to the subchondral bone, but not superficially to the
articular surface. Hence, the chondral coat remains con-
tinuous. The matrix was also found to contain architectural
disorder with diffuse eosinophils and myxoid degeneration
foci [4].

Site of lesion

Five studies described the most common location of articu-
lar debonding [4-6, 10, 15]. Two studies [6, 15] reported
that articular debonding occurred more commonly in the
anterior region of the acetabulum, while three studies [4-
6] superior region. Two studies reported that the anterosu-
perior acetabular region was most common [10, 15].
Jannelli [4] and Fontana et al. [S] reported 93.8% and 87%
of patients had acetabular debonding lesions detected on
the superior acetabular region. While Fontana et al. [S]
reported the presence of superoposterior acetabular in-
volvement in 77% of patients with acetabular debonding
lesions, Jannelli ef al. [4] reported only 5.3% at the same
site. Beaule et al. [6] reported the incidence of Beck grade
3 and 4 lesion to be 18.8% at the anterior region only,
18.8% at the superolateral region only and 31.2% at both
the anterior and superolateral regions.

Classification
Four different classification systems commonly utilized in
hip arthroscopy were found, namely Beck [7], Haddad
[11], Multicenter Arthroscopy of the Hip Outcomes
Research Network (MAHORN) [18] and Modified
Outerbridge [S, 19] classification systems (TableIII).
Wave sign is classified as a grade 1 lesion in Haddad

classification, grade 2 lesion in the Beck and MAHORN
classification and grade 2A lesion in the modified
Outerbridge classification.

Konan et al. [11] reported a high intraobserver reliabil-
ity of the Haddad classification with an intraclass correl-
ation coefficient (ICC) of 0.81 (95% CI: 0.23-0.95,
P=0.011), high inter-observer reliability ICC of 0.88 (95%
CIL: 0.72-0.97, P<0.001) and high internal validity with
Conbach’s alpha of 0.89. Amenabar et al. [12] compared
three classification systems and reported inter-observer re-
liability average weighted Cohen K-value for the
Outerbridge, Beck and Haddad classifications to be 0.28
(95% CI: 0.16-0.39), 0.33 (95% CI: 0.24-0.41) and 0.47
(95% CI: 0.42-0.51), respectively. In terms of intraob-
server reliability, the average weighted Cohen K-values
were 0.62 (range: 0.39-0.74), 0.63 (range: 0.32-0.85) and
0.68 (range: 0.53-0.85), respectively. However, Nepple
et al. [13] reported a much higher average weighted Cohen
K-value for the Beck classification system, with inter-
observer kappa value of 0.65 and intraobserver kappa value
of 0.80, but no comparison was made with other classifica-
tion systems [13]. Haddad classification system appears to
be the most reliable classification to diagnose chondrola-
bral injuries [11, 12].

Diagnostic imaging

Samaan et al. [10] used quantitative magnetic imaging
technique to diagnose acetabular cartilage debonding by
evaluating T1, and T2 relaxation time heterogeneity,
reflecting a change in glycosaminoglycan content within
debonded cartilage in FAI patients. Samaan et al. [10]
found that FAI patients, when compared to non-FAI
patients, exhibited higher T1, than T2 values in global
(Tlp: 34.5 ms versus 32.8 ms, P=0.04, T2: 28.8 ms versus
26.5ms, P=0.01), posterior (Tlp: 35.3 ms versus 31.9 ms,
P<0.001, T2: 29.6ms versus 24.9 ms, P<<0.001), anterior
(Tlpz 9.81 ms versus 8.39 ms, P=0.001, T2: 10.1 ms versus
7.91ms, P<0.001) and anterosuperior (Tlp: 11.2 ms ver-
sus 7.12ms, P<0.001, T2: 10.6ms versus 6.7 ms,
P<0.001) acetabular cartilage. Of note, the most signifi-
cant heterogeneity was found in the anterior superior ace-
tabular cartilage, corresponding to an area where
debonding is typically observed. This demonstrates a
strong ability to detect acetabular debonding lesions (T1,
AUC: 0.96, P<0.001, T2 AUC: 0.93, P<0.001).

Treatment
Four studies reported a treatment options for wave sign
[14-17]. Two studies [14, 15] described microfracture
with fibrin adhesive glue, one study [16] described



bridging suture repair, and another [17] reported on re-
verse microfracture with bubble decompression.

Two studies [14, 15] investigating fibrin glue reported
clinical outcomes of 62 patients. Stafford et al. [14]
(n=43) reported significant improvement in combined
modified Harris hip score (MHHS) post-operatively (79.4
versus 61.9, P<0.001), pain (35.8 versus 21.8, P<0.001)
and function (43.6 versus 40.0, P<0.001) levels at a mean
of 28 months when compared to preoperative values.
Tzaveas [15] (n=19) concluded that fibrin glue is a safe
and efficient material. Tzaveas [15] reported significant im-
provement in the post-operative MHHS for pain and func-
tion, at 6 months (MHHS: 77.5 versus $8.3, pain: 28.3
versus 15.7, function: 42.2 versus 37.2, P<0.05) and 1 year
(MHHS: 80.3 versus 58.3, pain: 28.9 versus 15.7, function:
44.1 versus 37.2, P<0.05) when compared to preoperative
scores. However, no further significant improvements was
illustrated when MHHS was compared at 1 and 3 years
post-operatively (P=0.44). Kaya et al. [16] and De Lazari
et al. [17] solely reported on the surgical technique of
bridging suture repair and reverse microfracture with bub-
ble decompression, respectively and did not include any
patient data.

DISCUSSION

The wave sign is an early intraoperative finding associated
with acetabular cartilage debonding, most frequently asso-
ciated with FAI in the superior, anterior or superoanterior
aspect of the acetabulum. Early preoperative diagnosis can
be achieved with quantitative MRI comparing between
T1, and T2 relaxation time. A significant heterogeneity of
values would indicate altered glycosaminoglycan content of
the cartilage, suggesting chondral debonding. Fibrin adhe-
sive glue and microfracture is a possible treatment options,
though it is too early to conclude its efficacy and safety
from the small number of patients involved. More research
is needed to determine an optimal treatment.

Cam-type FAI is strongly associated with articular
debonding [20, 21]. Jorge et al. [22] theorized that the
cam-lesion results in an aspherical contour of the femoral
head and increases its radius on the anterior side, with an
extension of bone and articular cartilage located at the fem-
oral head-neck junction. This leads to increased friction on
the acetabular cartilage and labral structures during hip
flexion and internal rotation [23]. Shearing forces concen-
trated at the chondrolabral junction causes acetabular de-
tachment from the subchondral bone, leading to acetabular
debonding [22-24]. Fontana et al. [S] also complemented
this theory by highlighting physiological consequences of
the spherical joint, where concave surface of the acetabu-
lum is exposed to larger shear forces during weight bearing
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as compared to convex surface of the femoral head.
Furthermore, acetabular cartilage layers are thinner than
the femoral head [S], contributing to major physiological
weakness of the acetabular cartilage. This is physiologically
consistent with the predilected anterior, superior and ante-
rosuperior sites of acetabular debonding observed from the
literature [4-6, 10, 15, 25]. In addition, McCarthy
explained that the relatively poorer vascular supply of the
anterior labral region compared to others also increases its
vulnerability to wear and progressive acetabular cartilage
damage without the ability to repair itself [26].

Beaule et al. [6] also explained that a greater alpha angle
is associated with greater shearing frictional stresses
exerted on the acetabular cartilage, even with small flexion
or internal rotation movements of the hip [23, 27].
Although males were found to have higher risks of acetabu-
lar debonding, this was not due to body mass index differ-
ences [6]. A possible explanation is that males tend to
engage in higher intensity physical activities, exposing the
hip to greater shearing forces and stresses [28].

However, we noted some inconsistencies with the
results presented by Beaule et al. [6] who reported
increased acetabular coverage being a protective factor in
their study of 167 patients, while Jenelli ef al. [4] reported
the opposite in 613 patients with pincer-type FAI being a
risk factor. This could be due to a more heterogeneous and
advanced chondral damage patient group in the study by
Beaule et al. [6] compared to Janelli et al. [4]. A major dif-
ficulty in making a fair comparison and recommending
conclusive evidence was likely due to the lack of a consen-
sus definition and classification of the wave sign, leading to
vary patient selection and clinical outcome criteria being
utilized and the subsequent introduction of selection and
reporting bias.

Another interesting area to explore is the association of
wave sign in the setting of hip dysplasia with decreased
acetabular coverage. These patients were specifically
excluded in the study by Beaule and hence no information
was available. While labral tears and chondral lesions is a
known common finding in hip dysplasia [29], it seems that
the incidence and relevance of wave sign in this group of
patients have yet to be evaluated and published in a homo-
geneous patient population.

Classification systems with high intra- and inter-
observer reliability are important in clinical decision mak-
ing and have strong prognostic implications. Despite the
lack of statistical comparisons between different classifica-
tion systems, the limited evidence available suggests that
Haddad classification may be most reliable with the highest
validity and reliability coefficients, likely due to its specific
development for the hip [12]. In comparison, commonly
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used Outerbridge classification was developed primarily for
knee arthroscopy. It is argued that Outerbridge grades 2
and 3 do not add value for the hip since the main differ-
ence between them resides in their size rather than lesion
severity. Moreover, common findings, such as chondral
debonding or articular cleavage, flaps and delamination are
absent from Outerbridge classification [12]. Amenabar
et al. [12] believes that lower reliability of Outerbridge in
describing hip joint pathology, as opposed to previous
reports in the knee, is attributed to the unique anatomy of
the chondrolabral junction and specific damage patterns
caused by FAI Similarly, Beck classification was not devel-
oped specifically for hip arthroscopy initially. Despite using
specific knowledge of FAI and its damage patterns in its
development, it was still criticized for not correlating with
chondral damage progression [11], with disagreements be-
tween grade 1 and 2 lesions among observers [30].

The lack of a consensus classification system has inevit-
ably led to heterogeneous and ambiguous comparisons of
patients between studies. The lack of explicit use of the ter-
minology ‘wave sign’ in these classifications may also lead
to ambiguity in interpretation. For example, the Haddad
et al. [11] classification classifies both chondromalacia and
wave sign together as grade 1, while the Beck et al. [7],
MAHORN [18] and modified Outerbridge [5, 19] classifi-
cations identified chondromalacia separately as grade 1 and
debonding as grade 2, 2, and 2a, respectively. As such, this
could explain why Hadded et al. [11] classification had
higher reliability, since two pathologies have been classified
together.

Janelli was the only study reporting chondrocyte viabil-
ity in the wave sign and reported poor results at 40%. It is
surprising that other studies have reported more promising
evidence on cellular viability of chondrocytes in more
advanced chondral abnormalities, such as chondral flaps. In
fact, Meulenkamp et al. [31] and Wright et al. [32] exam-
ined a total of 22 chondral flaps and found nearly 90% of
viable chondrocytes on average, While the sample size in
these studies were small and hardly conclusive, it suggests
that the relative importance of the distinction between
softening, wave sign and chondral flaps in terms of natural
history, progression and prognosis.

Diagnostic imaging to identify acetabular debonding
has poor results overall. Articular delamination, flaps or
cleavage tears are readily diagnosed if fluid is present be-
tween subchondral bone and delaminated cartilage [23].
However, articular surface in cartilage debonding is undis-
rupted and injury patterns are difficult to discern on MRI.
Furthermore, the hip being a contained ball and socket
joint, the femoral head may push debonded acetabular car-
tilage flushed against subchondral bone, making diagnosis

difficult [23]. The debonded region is usually more prom-
inent when elicited by a shearing force. In vivo, this is
achieved by hip flexion and internal rotation [23].
However, the relatively confined space of MRI machines
makes this infeasible. Although hip MRI done under trac-
tion for wave sign has not been formally looked into, this
is a plausible alternative in the diagnosis of delamination
lesions. The concept is to stretch the hip joint capsule and
create a negative pressure to lift the delaminated cartilage
off subchondral bone into the hip joint. This may lead to
easier detection of the delaminated cartilage area.

Current possible diagnostics include qualitative and
MR arthrogram techniques.
Qualitative technique employs intermediate-weighted fat-
saturated and T1-weighted images to detect hypointense
signal in debonded cartilage. Pfirmann et al. [23] proposed
that this could be related to fibrous metaplasia of hyaline
cartilage with associated ground substance proteoglycan
depletion from the extracellular matrix. Recently, quantita-
tive techniques using voxel-based relaxometry are increas-
ingly utilized to accurately assess joint
composition while maintaining consistency with traditional
region of interest-based methods, and to achieve greater
sensitivity in detecting local changes. Quantitative MRI
allows for more sensitive detection of localized differences

quantitative imaging

cartilage

by attaining comparable numerical values. However, this
niche technique is not widely available and requires further
evaluation.

There is no study available in the current literature that
investigates the natural history and progression of wave
sign with or without treatment. This is likely due to the
lack of diagnostic modalities to accurately identify the oc-
currence or healing of such lesions. Furthermore, there is a
greater inclination in hip preservation surgery to perform
concomitant procedures to remove the cause of chondral
damage and treat acetabular debonding simultaneously in a
single surgery. This not only thwarts the progress of chon-
dral damage but also reduces the risk of iatrogenic chon-
dral damage from instruments.

Three surgical techniques were described as treatments
for wave sign in addition to associated cam-lesion correc-
tions. Due to paucity of studies describing outcomes, there
is insufficient data to effectively compare treatment modal-
ities. Furthermore, patients had other concomitant proce-
dures performed to address other pathologies, which
makes outcome comparison for each modality more diffi-
cult. While there may be options to treat acetabular
debonding, there is no current evidence to support them
in isolation. Nevertheless, two clinical studies reported the
outcomes of microfracture and fibrin glue technique in 62
patients [14, 15]. Microfracture aims to increase marrow-



stimulation by exposing debonded chondral regions to
underlying mesenchymal stem cells from the marrow cav-
ity [14, 33]. They also create keyholes for fibrin glue to ad-
here to and enhance healing by acting as a biological
scaffold for ingrowth of native cells [14, 34]. Tzaveas [15]
advocated for this technique over excision of debonded
flaps as flaps may contain large numbers of viable chondro-
cytes that may still stand a chance of recovery.
Unfortunately, long-term efficacy of this technique is un-
known due to short follow-up periods and no mention of
debonding recurrence post-operatively [14, 15].

The quality and conclusiveness of evidence presented
here is limited by the sparse literature available. This is not
surprising since the wave sign is a niche specialty topic.
This article would be a significant launchpad for further re-
search to build on and extent the current knowledge. The
authors postulate that future directions in wave sign may
be a push towards surgical techniques focussing on refixa-
tion of the delaminated chondral areas, especially with re-
cent studies showing significant viability of chondrocytes
in the affected areas.

LIMITATIONS

Limitations include heterogeneity of patient populations,
lack of standardization of definitions and descriptions of
wave sign and low numbers of studies directly investigating
wave sign. Hence, selection and recall bias cannot be
excluded. A meta-analysis could not be performed due to
variability of outcome measure. Standardization of out-
come measures is important for clinical data consolidation
in future studies.

CONCLUSION

There is a scarcity of literature on the wave sign.
Identifying at risk symptomatic patients is important to
provide prompt diagnosis and treatment. Diagnostic tech-
niques and operative options are still in early developmen-
tal stages. More research is needed to understand the
natural history of wave sign lesions after arthroscopic sur-
gery and whether intervention can improve long-term
outcomes.
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