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Background: The purpose of the present study was to examine the effects of arthroscopic labral repair with capsular
augmentation on blood flow in vivo with use of laser Doppler flowmetry (LDF) to measure microvascular perfusion of the
labrum and autograft tissue.

Methods: The present prospective case series included patients ‡18 years old who underwent arthroscopic acetabular
labral repair with capsular augmentation; all procedures were performed by a single surgeon between 2018 and 2022.
The LDF probe measured microvascular blood flow flux within 1 mm3 of the surrounding labral and capsular tissue of
interest. Mean baseline measurements of flux were compared with readings immediately following capsular elevation and
after completing labral augmentation. Blood flux changes were expressed as the percent change from the baseline
measurements.

Results: The present study included 41 patients (24 men [58.5%] and 17 women [41.5%]) with a mean age (and
standard deviation) of 31.3 ± 8.4 years, a mean BMI of 24.6 ± 3.4 kg/m2, a mean lateral center-edge of angle 35.3� ±
4.9�, a mean Tönnis angle of 5.8� ± 5.8�, and a mean arterial pressure of 93.7 ± 10.9 mm Hg. Following capsular
elevation, the mean percent change in capsular blood flow flux was significantly different from baseline (29.24% [95%
confidence interval (CI), 218.1% to 20.04%]; p < 0.001). Following labral augmentation, the mean percent change in
labral blood flow flux was significantly different from baseline both medially (222.3% [95% CI, 232.7% to 211.9%];
p < 0.001) and laterally (232.5% [95% CI,241.5% to223.6%]; p = 0.041). There was no significant difference between
the changes in medial and lateral perfusion following repair (p = 0.136).

Conclusions: Labral repair with capsular augmentation sustains a reduced blood flow to the native labrum and
capsular tissue at the time of fixation. The biological importance of this reduction is unknown, but these findings
may serve as a benchmark for other labral preservation techniques and support future correlations with clinical
outcomes.

Level of Evidence: Therapeutic Level IV. See Instructions for Authors for a complete description of levels of evidence.

T
he acetabular labrum is crucial for maintaining the proper
physiological function of the hip joint by facilitating neg-
ative intra-articular pressure (i.e., a suction seal) between

the femoral head and the acetabulum1-5. Labral tears disrupt this
physiological fluid seal and contribute to the acceleration of car-
tilage layer consolidation4,6. While partial debridement/resection

may provide interim symptom relief, multiple studies have sug-
gested that labral repair, augmentation, and reconstruction may
offer more favorable long-term outcomes and survivorship in
terms of conversion to total hip arthroplasty7-12. As a result, an
increasing emphasis has been placed on more advanced preser-
vation techniques to reconstitute the suction seal of the hip.
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Although labral repair is usually the preferred method
of treatment, surgeons may be challenged when insufficient
labral tissue remains for primary repair. In cases involving
complex tears, advanced degeneration, or hypoplastic tissue
(<5 mm in width), labral augmentation or reconstruction
may be necessary to reconstitute the suction seal of the joint.
While many techniques of labral reconstruction have dem-
onstrated positive short to intermediate-term outcomes,
implantation of graft-to-bone reconstructions requires ex-
tensive debridement and labral detachment that inherently
compromises the existing blood supply13-19. Conversely, labral
augmentation preserves the native labral/chondral complex
and has been associated with a superior reconstitution of the
hip suction seal (i.e., greater force necessary for femoral head
displacement) and better integration of soft tissue with the
chondral surface20-22.

The cadaveric study by Kalhor et al. confirmed a persistent
vascular supply to the acetabular labrum, even whenmacroscopic
tears are present. This supply is provided by a vascular anasto-
motic ring surrounding the capsular attachment of the labrum,
with limited contributions from the synovial lining or osseous
acetabular rim23. These findings were supported by Minokawa
et al., who reported, in an in vivo study of patients with hip
dysplasia, that laser Doppler flowmetry (LDF) showed that the
blood flow in torn labrums was approximately equivalent to that

in normal labrums24. LDF is a reproducible method for evaluating
microvascular blood flow that has been used for >30 years in
numerous clinical and research settings, including shoulder and
knee arthroscopy24-36. However, to our knowledge, no study has
directly assessed how variations in labral preservation affect blood
flow1.

Currently, most methods of labral augmentation and
reconstruction employ the use of autografts or allografts that
rely heavily on tissue metaplasia for ingrowth of a new blood
supply, which may portend incomplete healing and integra-
tion of the graft tissue1,20,23,37-39. In contrast, labral repair with
concomitant capsular autograft augmentation is an estab-
lished technique with favorable reported intermediate-term
outcomes. Specifically, the use of local capsular autograft
from the adjacent acetabular shelf has the theoretical advan-
tage of salvaging the periacetabular blood supply by elevating
and maintaining both the capsulolabral and chondrolabral
tissue intact, as a single unit1,37-39. Thus, the purpose of the
present study was to assess the pattern of blood flow in
patients with labral tears with use of LDF before and after
arthroscopic labral repair with augmentation with capsular
autograft. We hypothesized that this combined method of
labral repair and augmentation would reduce, but not elim-
inate, blood flow to both the native labrum and the locally
transferred capsular tissue.

Fig. 1

Flow diagram detailing the inclusion of patients undergoing capsular autograft labral augmentation with laser Doppler flowmetry

measurements.
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Fig. 2

Flow diagram detailing the clinical indications and applications of capsular augmentation during arthroscopic labral repair. (All patients included

in the present study were found to have irreparable labral damage and were managed with an augmented repair with 5 to 10 mm of capsular

autograft).

Assessing Acetabular Labral Blood Flow in Vivo Following Capsular Augmentation Reconstruction

JBJS Open Access d 2023:e23.00026. openaccess.jbjs.org 3



Materials and Methods
Study Design

After institutional review board approval was obtained
(Mass General Brigham #2017P002337), patients ‡18

years old were prospectively enrolled between 2018 and 2022.
All patients had symptomatic acetabular labral tears and un-
derwent arthroscopic labral repair with capsular augmentation;
all procedureswere performed by a single surgeon (S.D.M.) (Fig. 1).
LDF measurements were performed for patients requiring 5
to 10 mm of capsular augment to reconstruct regions of severe,
irreparable labral injury (Fig. 2)1,37,38. The clinical indications
for and applications of this technique are further discussed
in the Appendix1,20,22,23,37-47. All patients underwent similar
preoperative evaluations that included clinical examination,
appropriate imaging studies, diagnostic intra-articular anesthetic/
corticosteroid injection, and a minimum of 3 months of
nonoperative management, including formal physical ther-
apy. Patients with persistent hip pain despite conservative
interventions were offered hip arthroscopy. Patients were
excluded if they had coagulopathy, if they had radiographic
evidence of severe osteoarthritis (i.e., Tönnis grade ‡3),
if they had had previous surgery on the affected hip, or
if intraoperative LDF measurements could not be feasibly
obtained1,37-39.

Data Collection
Demographic and descriptive data, including age, sex, later-
ality, body mass index (BMI), lateral center-edge angle (LCEa),
Tönnis angle, type of femoroacetabular impingement, and
radiographic Tönnis classification, were collected. Intraoperative
variables of interest included the Outerbridge classification of
cartilage defects, the Beck classification of transition zone car-

tilage injury, concomitant arthroscopic procedures, the number
of suture anchors, traction time, the method of suture tie-down,
and the height of capsular elevation above the labral augmen-
tation site. As previously described, labral tear size and location
were documented for all patients with use of acetabular clock-
face nomenclature48. Last, anesthesia records were utilized to
obtain arterial blood pressure readings that corresponded with
the time of each flowmetry reading.

All measurements were collected intraoperatively with
use of a fiber-optic, endoscopic probe (VP6a; 2.5-mW laser,
785-nm wavelength) of a laser Doppler vascular monitoring
system (Moor Instruments) and were later analyzed with the
company’s moorVMS-PC software (version 4.1). In all ca-
ses, the 2.1-mm hemispherical tip of the LDF probe was
introduced through a 5.5-mm cannula (Fig. 3) to measure
blood flow within 1 mm3 of surrounding tissue as the blood
cell flux (in perfusion units [PU])49. Flux measurements are
an arbitrary measure of perfusion, directly related to the
product of the concentration and velocity of erythrocytes
within the defined volume beneath the probe. More spe-
cifically, as the 2.5-mW laser light penetrates tissue, it is
reflected by moving blood cells to produce a Doppler shift.
The reflected light is then converted by the probe into
electrical signals (blood cell flux) based on the frequency
and magnitude of the Doppler shift. Flux is proportional to
the blood flow and is the parameter most widely reported in
the LDF literature26,28,29,50,51.

The LDF probe was placed in direct contact with the
tissue of interest, and continuous sampling at a rate of 40 Hz
was recorded for each patient. To maintain a stable in vivo
environment, all measurements were performed in a stan-
dardized manner by utilizing the least traction necessary to
sample regions of interest, applying minimal force when
contacting the probe tip to tissue, controlling for direct
arthroscopic illumination to minimize flux signal interfer-
ence, and arresting the arthroscopic pressure/flow pump to
ensure physiological pressure within the joint. To reduce
motion artifact and variations in contact pressure, mea-
surements were performed “hands-free” by securing the
probe to the mouth of the cannula.

Surgical Technique
All patients were positioned supine on a hip distraction table
(Smith & Nephew). The hip arthroscopy technique used by the
senior surgeon (S.D.M.) includes intra-articular fluid disten-
sion for initial portal placement, intermittent traction, sparing
use of electrocautery, and acetabular recession with chon-
drolabral preservation39,47,52,53. Additionally, to avoid transection
of the iliofemoral ligament, puncture capsulotomy was carried
out to facilitate intra-articular access54,55.

Prior to addressing the labrum, the LDF probe was used
to obtain measurements medial and lateral to the region of
torn labral tissue (Fig. 4). An additional reading was obtained
within the capsulolabral complex adjacent to the labral tear
near its fibrocartilaginous capsular attachment (Fig. 5). Next,
with use of a knife rasp, capsular tissue was elevated off the

Fig. 3

Arthroscopic view showing the introduction of the laser Doppler flow-

metry probe (asterisk; VP6a endoscopic probe) into the arthroscopic

view.
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Fig. 4

Fig. 4-A Arthroscopic view of the right hip, showing the area of severe labral damage not amenable to repair with conventional methods. Figs. 4-B and 4-C

Arthroscopic views showing placement of the LDF probe (*) on labral tissue (single arrows) medial (Fig. 4-B) and lateral (Fig. 4-C) to the region of damage.

The double arrows indicate the femoral head. In the corresponding illustration (bottom left panel), the red circles indicate the regions where the LDF probe

was placed for measurements. (Illustration by Nicole Wolf, MS �2023.)

Fig. 5

The right panel shows an arthroscopic view of the LDF probe (single asterisk) at the capsulolabral complex (double asterisk with bracket and dashed line)

with adjacent capsule (double arrows) and capsulolabral vessels (single arrow). LDF measurements were performed within the region of the capsulolabral

complex superior to the region of labral damage before elevation of the capsular tissue. In the corresponding illustration (left panel), the green circle

indicates the region where the LDF probe was placed within the region of the capsulolabral complex. (Illustration by Nicole Wolf, MS �2023.)
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Fig. 6

Figs. 6-AArthroscopic view (andcorresponding illustration) showingknife raspelevationof theadjacent capsule (doublearrows)superior to thecapsulolabral complex

(doubleasteriskwithbracketanddashed line)above theregionof labraldamage.Note the transitionof thecapsulolabral vessels into the labrum(singlearrow).Fig.6-B

Following knife rasp elevation, arthroscopic view of the LDF probe (single asterisk) placement at the capsulolabral complex (double asterisk with bracket and dashed

line) with adjacent capsule (double arrows) and transition of the capsulolabral vessels into the labrum (single arrow). (Illustration by Nicole Wolf, MS �2023.)

Fig. 7

The right panel showsan arthroscopic viewof a hipwith concomitant pincer-type impingement. In such cases, the underlying acetabular shelf was contoured,

under fluoroscopic guidance, with use of a 4.0-mm round abrader on reverse. It is important to use the abrader on reverse to avoid damaging the elevated

capsulolabral tissue/vessels (single asterisk) and adjacent chondrolabral junction. In the corresponding illustration (left panel), the dashed red line denotes

the contour of the pincer lesion underlying the capsulolabral complex. (Illustration by Nicole Wolf, MS �2023.)
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acetabular shelf, with gentle maneuvering to preserve the
capsulolabral blood supply, approximately 5 to 10 mm above
the region of the labrum to be augmented (Fig. 6-A). For
concomitant acetabular recession, knife rasp elevation was
continued in order to visualize the underlying pincer lesion
while strictly maintaining the capsulolabral/chondrolabral
complexes as a single, continuous unit. The underlying shelf
was then contoured, under fluoroscopic guidance, with use
of a 4.0-mm round abrader on reverse (Fig. 7)1,39. Immedi-
ately following capsular elevation and possible acetabulo-
plasty, the LDF probe was reintroduced into the hip joint
under direct arthroscopic visualization to obtain another

measurement of the same segment of capsular tissue within
the capsulolabral complex (Fig. 6-B).

This same region of elevated capsular tissue was then
brought together with the remaining labral tissue and was
seated to the acetabular rim with use of 2.3-mm bioabsorbable
composite suture anchors (Fig. 8). To ensure an “in-round”
repair, Weston knots with multiple half-hitches were dynami-
cally tensioned with the concurrent release of traction37,47. Most
repairs required the use of loop sutures, but the vertical mat-
tress technique was employed if adequate tissue bulk was
available. All anchors were seated approximately 1 cm apart,
with knots tied posterior to the augmented capsular tissue to

Fig. 8

Figs. 8-A through 8-G Following the seating of a 2.3-mm bioabsorbable anchor into the recessed acetabular rim (Figs. 8-A and 8-B), suture is

shuttled (Figs. 8-C, 8-D, and 8-E) in a loop fashion (Figs. 8-F and 8-G). The suture brings together the elevated capsular tissue (double

arrows) and the remaining labral tissue (single arrow). In Figure 8-F, the asterisk denotes the construct combining labral tissue with capsular

autograft. In the corresponding illustration, the dashed red line denotes the newly recontoured acetabular rim. (Illustration by Nicole Wolf, MS

�2023.)
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Fig. 9

The right panel shows an arthroscopic view from the anterolateral portal, displaying the final construct combining labral tissue (single arrow) with capsular

autograft (double arrow). The dashed line grossly delineates the capsulolabral transition zone within the new reconstructed labrum. The corresponding

illustration (left panel) shows the position of knot tie-down, posterior to the augmented capsular tissue. (Illustration by Nicole Wolf, MS �2023.)

Fig. 10

Fig. 10-A Arthroscopic view showing the final labral construct, with placement of the arthroscopic knot posterior to the augmented capsular tissue.

Figs.10-Band10-CArthroscopic viewsmadeduring thefinal LDFprobe readingsof labral tissuemedial (Fig. 10-B) and lateral (Fig. 10-C) to the regionof the

tear. The asterisk indicates the probe. In the corresponding illustration (bottom left panel), the red circles indicate regions where the LDF probe was placed

for final measurements following suture tie-down. (Illustration by Nicole Wolf, MS �2023.)
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avoid vessel strangulation (Fig. 9)56. After tensioning, seating,
and tie-down, reconstitution of the labral seal was confirmed
during dynamic examination from the peripheral compart-
ment. The LDF probe was then inserted for the last time to
obtain final medial and lateral measurements within the new,
augmented labral construct surrounding the area of the tear
(Fig. 10).

Statistical Analysis
The laser Doppler vascular monitoring system has a report-
ed accuracy of ±10% and precision of ±3% (per Moor
Instruments). As such, an a priori power analysis revealed

that 17 patients would be needed to yield 80% power to
detect a 10% between-subject difference in flux measure-
ments (i.e., medial versus lateral perfusion), whereas 10
patients would be needed to detect within-subject differ-
ences (i.e., perfusion before versus after capsular elevation).

TABLE II Intraoperative Variables (N = 41)

Tear size* (deg) 79.8 ± 19.2

Localization of tears† (no. of patients)

Posterior (<10:00) 18 (43.9%)

Posterosuperior (10:00-12:00) 20 (48.8%)

Anterosuperior (12:00-2:00) 22 (53.7%)

Anterior (>2:00) 19 (46.3%)

Traction time* (min) 71.8 ± 5.9

Outerbridge classification
(no. of patients)

Grade 1 3 (7.3%)

Grade 2 10 (24.4%)

Grade 3 22 (53.7%)

Grade 4 6 (14.6%)

Beck classification of transition zone
cartilage injury (no. of patients)

Stage 0 1 (2.4%)

Stage 1 14 (34.1%)

Stage 2 17 (41.5%)

Stage 3 9 (22.0%)

Stage 4 0 (0%)

Osteoplasty procedure performed
(no. of patients)

Acetabuloplasty only 19 (46.3%)

Femoroplasty only 4 (9.8%)

Femoroacetabuloplasty 18 (43.9%)

Amount of capsule used for labral
augmentation

Mean* (mm) 7.5 ± 2.8

£7 mm (no. of patients) 22 (53.7%)

>7 mm (no. of patients) 19 (46.3%)

Chondral flap (no. of patients)

No 31 (75.6%)

Yes 10 (24.4%)

Suture anchors used (no. of patients)

1 1 (2.4%)

2 12 (29.3%)

3 28 (68.3%)

Suture technique (no. of patients)

Loop 34 (82.9%)

Vertical mattress 7 (17.1%)

*The values are given as the mean and the standard deviation.
†Relative to standard clock-face nomenclature. Note that some
tears extended into multiple regions and therefore the percent-
ages do not add up to 100%34.

TABLE I Baseline Demographic Characteristics (N = 41)*

Age* (yr) 31.3 ± 8.4

Age group (no. of patients)

18-30 yr 22 (53.7%)

>30 yr 19 (46.3%)

Body mass index* (kg/m2) 24.6 ± 3.4

Body mass index category
(no. of patients)

Normal (£24.9 kg/m2) 23 (56.1%)

Overweight (25-29.9 kg/m2) 14 (34.1%)

Obese (‡30 kg/m2) 4 (9.8%)

Sex (no. of patients)

Female 17 (41.5%)

Male 24 (58.5%)

Laterality (no. of patients)

Left 14 (34.1%)

Right 27 (65.9%)

ASA classification† (no. of patients)

1 20 (48.8%)

2 21 (51.2%)

Radiographic findings* (deg)

Lateral center-edge angle 35.3 ± 4.9

Tönnis angle 5.8 ± 5.8

Alpha angle 69.1 ± 9.89

Mean arterial pressure* (mm Hg) 93.7 ± 10.9

Type of femoroacetabular
impingement (no. of patients)

Cam 3 (7.3%)

Pincer 21 (51.2%)

Mixed cam and pincer 17 (41.5%)

Tönnis classification (no. of patients)

Grade 0 22 (53.7%)

Grade 1 17 (41.5%)

Grade 2 2 (4.9%)

Grade 3 0 (0%)

*The values are given as the mean and the standard deviation.
†ASA = American Society of Anesthesiologists.

Assessing Acetabular Labral Blood Flow in Vivo Following Capsular Augmentation Reconstruction

JBJS Open Access d 2023:e23.00026. openaccess.jbjs.org 9



Mean baseline measurements of flux at each location were
compared with corresponding readings following capsular
elevation and after completing labral augmentation (both
medial and lateral to the region of the tear). Specific to each
patient, flux changes were calculated and expressed as the
percent change from the mean baseline measurement at each
location. Statistical analysis was performed with use of SPSS
Statistical Software (version 27; IBM). Categorical variables
were analyzed with use of the chi-square test or the Fisher
exact test, as appropriate. The percent change in blood flow
flux was analyzed with use of either the Student t test or 1-way
analysis of variance (ANOVA) using the Tukey method if mul-
tiple comparisons were made. Associations between preopera-
tive demographic characteristics and labral perfusion were
analyzed with use of linear regression analyses. All reported p
values were 2-tailed, with the level of significance set at a = 0.05.

Source of Funding
This study was supported by the Conine Family Fund for Joint
Preservation.

Results

LDF measurements were obtained and analyzed for 41 of
the 100 patients who were enrolled in the study. This

cohort included 24 men (58.5%) and 17 women (41.5%)
with a mean age (and standard deviation [SD]) of 31.3 ± 8.4
years, a mean BMI of 24.6 ± 3.4 kg/m2, a mean LCEa of 35.3�
± 4.9�, a mean Tönnis angle of 5.8� ± 5.8�, a mean alpha
angle of 69.1� ± 9.9, and a mean arterial pressure of 93.7 ±
10.9 mm Hg. In terms of radiographic osteoarthritis, 53.7%,
41.5%, and 4.9% of hips had Tönnis grades of 0, 1, and 2,
respectively (Table I). The mean tear size was 79.8� ± 19.2�,
and the mean height of capsular reflection above the region
of labral augmentation was 7.5 ± 2.8 mm. Additionally, 37
patients (90.2%) underwent acetabuloplasty and 22 (53.7%)

underwent femoroplasty. All patients received segmental aug-
mentation with loop suture repair (34 patients; 82.9%) or
vertical mattress repair (7 patients; 17.1%). Data on the Out-
erbridge classification of cartilage defects, the Beck classification
of transition zone cartilage injury, and the presence of a chon-
dral flap are reported in Table II.

The initial blood flow output signal was pulsatile both
medial and lateral to the region of the tear and superior to the
tear near the capsular attachment of the labrum. Continuous
LDF sampling collected a total of 163,658 flux measurements,
with a mean of 665.3 ± 432.7 samples per location. Following
capsular elevation, the mean percent change in blood flow flux
was significantly different from baseline (29.24% [95% con-
fidence interval (CI), 218.1% to 20.04%]; p < 0.001). Fol-
lowing labral augmentation, the percent change in blood flow
flux decreased significantly both medially (222.3% [95% CI,
232.7% to 211.9%]; p < 0.001) and laterally (232.5% [95%
CI, 241.5% to 223.6%]; p = 0.041) (Table III). There was no
significant difference between the changes in medial and lateral
flux measurements following repair (mean difference,210.2%
[95% CI, 223.8% to 3.3%]; p = 0.136). Unadjusted analyses
stratifying for age, BMI, sex, type of impingement, osteoar-
thritis severity (e.g., Tönnis/Outerbridge class), arthroscopic
procedure performed, amount of capsule used for augmentation,
presence of a chondral flap, number of anchors used, tear size,
traction time, and suture technique revealed that none of
these factors were associated with significant differences in
labral blood flow flux medially or laterally (p > 0.05 for all)
(Table IV). Finally, multiple regression analyses examining
the effects of demographic and intraoperative variables on
blood flow demonstrated that age, BMI, suture technique, and
amount of capsule used for augmentation were not significantly
associated with changes in medial or lateral flux measurements
following repair augmentation with capsular autograft (p > 0.05
for all) (Table V).

TABLE III Labral Tissue Microvascular Blood Flow Flux Measured with Use of LDF

Flux
Measurement*† (PU)

No. of LDF
Measurements*

Percent Change in Flux
Measurements‡

Before labral reconstruction

Medial to region of tear 107.0 ± 25.7 798.3 ± 365.1 —

Lateral to region of tear 134.5 ± 44.5 849.1 ± 369.6 —

After labral reconstruction

Medial to region of tear 81.3 ± 20.2 689.8 ± 339.2 222.3 (232.7, 211.9)

Lateral to region of tear 84.4 ± 21.9 679.1 ± 382.4 232.5 (241.5, 223.6)

Before capsular elevation

Labral tissue adjacent to capsular attachment 115.3 ± 22.3 391.7 ± 264.1 —

After capsular elevation

Labral tissue adjacent to capsular attachment 99.8 ± 19.7 496.2 ± 498.9 29.24 (218.1, 20.04)

*The values are given as the mean and the standard deviation. †PU = perfusion units. ‡The values are given as the percent change, with the 95%
CI in parentheses.
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Discussion

Following the initial association between labral lesions and
accelerated rates of chondral degeneration, hip arthroscopy

utilization and related research have dramatically increased6,57-59.
However, to our knowledge, no investigations have evaluated
labral blood flow in vivo following arthroscopic repair of labral

tears. The use of LDF in clinical research has been validated in
numerous clinical settings and has been shown to provide robust
data on the microcirculation in a variety of tissues24-31,60. The
present study evaluated blood flow with use of LDF in regions of
the labrum and capsular tissue during acetabular labral repair
with capsular autograft augmentation. The results of this study

TABLE IV Mean Percent Change in Microvascular Blood Flow Flux Following Labral Augmentation with Capsular Autograft*

Lateral (%) P Value Medial (%) P Value

Age 0.82 0.20

18-30 yr 231.6 (244.4, 218.8) 228.6 (242.2, 215.0)

>30 yr 233.6 (247.4, 219.8) 215.3 (232.0, 1.5)

Body mass index 0.35 0.34

Normal (£24.9 kg/m2) 235.4 (247.6, 223.2) 227.8 (242.0, 213.6)

Overweight (25-29.9 kg/m2) 222.1 (240.3, 23.9) 211.4 (231.4, 8.6)

Obese (£30 kg/m2) 237.3 (260.7, 214.0) 225.3 (267.6, 17.0)

Sex 0.95 0.42

Female 232.2 (246.9, 217.5) 227.1 (244.4, 29.9)

Male 232.7 (243.6, 221.9) 218.7 (230.9, 26.4)

Type of femoroacetabular impingement 0.52 0.94

Isolated cam 239.5 (2148.7, 69.7) 228.4 (2113.7, 56.9)

Isolated pincer 227.5 (241.3, 213.8) 221.3 (238.9, 23.7)

Combined 237.5 (249.7, 225.2) 222.4 (235.5, 29.3)

Tönnis classification 0.35 0.70

Grade 0 230.1 (239.1, 221.0) 220.1 (231.4, 28.7)

Grade 1 232.3 (251.0, 213.7) 226.6 (247.9, 25.3)

Grade 2 260.8 (2309.4, 187.9) 28.9 (2258.2, 240.4)

Outerbridge classification 0.83 0.13

Grade 1 or 2 231.1 (242.0, 220.2) 233.7 (246.7, 220.7)

Grade 3 or 4 233.2 (245.0, 221.4) 216.8 (230.0, 23.5)

Procedure performed 0.27 0.81

Labral repair and acetabuloplasty 224.8 (238.9, 210.8) 221.0 (239.3, 22.7)

Labral repair and femoral neck osteoplasty 236.1 (294.8, 22.5) 214.4 (267.6, 38.8)

Labral repair and femoroacetabuloplasty 239.8 (252.3, 227.3) 225.6 (239.5, 211.6)

Amount of capsule used for labral
augmentation, mm (correlation)

20.11 (20.41, 0.20) 0.48 0.22 (20.10, 0.50) 0.17

Chondral flap 0.80 0.27

No 233.2 (244.0, 222.4) 219.2 (231.7, 26.7)

Yes 230.5 (243.6, 217.4) 233.0 (244.3, 221.6)

Suture anchors used 0.78 0.20

1-2 234.6 (255.2, 214.0) 232.4 (253.2, 211.5)

3 231.6 (241.6, 221.5) 217.4 (229.7, 25.1)

Tear size, deg (correlation) 20.11 (20.40, 0.20) 0.49 0.17 (20.15, 0.45) 0.45

Traction time, min (correlation) 20.08 (20.38, 0.23) 0.23 0.04 (20.28, 0.34) 0.34

Suture technique 0.61 0.16

Loop 233.6 (243.2, 223.9) 218.9 (230.2, 27.6)

Vertical mattress 227.4 (248.1, 26.7) 238.2 (257.9, 218.5)

*The values are reported as the mean percent change or the correlation coefficient, with the 95% CI in parentheses.
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support our hypothesis that this method of repair with aug-
mentation reduced, but did not eliminate, blood flow to both the
native labrum and the locally transferred capsular tissue. On
average, a 9.24% reduction in LDF flow values was observed
when evaluating perfusion to the capsulolabral complex after
elevating capsular tissue for local transfer. Additionally, a de-
crease in blood flow flux of 22.3% medially and 32.5% laterally
was noted in labral tissue surrounding the tear following final
suture tie-down.Whilemaintaining the native blood supply may
not be emphasized in other variations of hip-preservation sur-
gery, these findings provide evidence that blood flow to the
labrum is indeed present, measurable, and susceptible to change
with surgical manipulation.

Furthermore, given that all labral flux measurements
were initially pulsatile, our findings support existing literature
that labral tissuemaintains some degree of perfusion even in the
setting of concomitant tears23,24. Additionally, changes in labral
blood flow flux were not found to be significantly different on
the basis of Tönnis/Outerbridge grades or the presence of a
chondral flap, suggesting that chondral injury severity was not
predictive of blood flow changes to the labrum and/or capsule.
This finding aligns with cadaveric assessments of circulation to
the native labrum, as Kelly et al. reported that labral blood flow
was heavily skewed to the capsular half, with limited contri-
butions stemming from the chondrolabral junction and adja-
cent articular cartilage40. Translational studies have highlighted
the benefit of arthroscopic repair in the ovine model by dis-
playing the healing potential of the labrum via fibrovascular
scarring61. Although it remains unclear what degree of healing
can be achieved in humans, maintaining blood flow to the
labrum and augmented tissue likely would provide the opti-
mum environment to maximize healing, sustain tissue viability,
and ensure sustained reconstitution of the hip suction seal20,23.
Our results lend further credence to the use of labrum-
preserving techniques that aim to both reconstitute the native
hip anatomy and prioritize sparing the remaining blood supply
when possible.

While this is the first study to utilize LDF to investi-
gate blood flow in the setting of hip-preservation surgery, we

acknowledge that it is not without limitations. First, although
LDF has been validated to provide robust data on microcir-
culation in vivo, there may have been secondary operative
factors that could not be controlled24-31,60. However, appro-
priate precautions were taken by standardizing our measure-
ment technique, employing continuous sampling to reduce
variability, and mitigating confounding variables by normal-
izing variations in flux on a case-by-case basis (i.e., calcu-
lating percent change at the patient level). Second, blood
flow measurements are cross-sectional assessments and may
change over time. As such, in relation to the presented tech-
nique, the reported changes in flux may only apply to the
initial time point of fixation and the clinical relevance will
require correlation with future investigations. Third, given
that there are no other studies evaluating labral blood flow
in vivo concerning alternative repair methods, no definitive
control exists to extrapolate the minimum perfusion thresh-
old required to sustain tissue viability. Thus, the future ability
to differentiate functional from merely measurable flow is
of critical interest, and the consistent, tight grouping of our
absolute flux readings may suggest that the biological range
of flow values within the acetabular labrum may be narrow35.
Additionally, given conflicting evidence regarding the opti-
mum number of subjects per predictor parameter, it is pos-
sible that our multiple regression analysis was susceptible
to a type-II error62,63. Overall, we established that a change in
blood flow does indeed exist; thus, determining clinically
important thresholds for baseline labral perfusion, tension-
ing of repair sites, and correlation of flow rates with healing
and successful clinical outcomes represent exciting areas of
future investigation26.

Conclusions
Labral repair with capsular augmentation sustains a reduced
blood flow to the native labrum and capsular tissue at the time
of fixation. The biological importance of this reduction is
unknown, but these findings may serve as a benchmark for
other labral preservation techniques and support future cor-
relations with clinical outcomes.

TABLE V Multiple Regression Analysis Evaluating Effects of Patient Characteristics and Suture Placement on Percent Change in Labral
Microvascular Blood Flow Flux

Lateral Medial

Unstandardized Coefficient
(95% CI) P Value

Unstandardized Coefficient
(95% CI) P Value

Age (% change per yr) 0.2 (20.9, 1.4) 0.67 0.5 (20.7, 1.8) 0.39

Body mass index (% change per kg/m2) 1.0 (21.9, 3.9) 0.49 1.1 (22.2, 4.3) 0.51

Vertical mattress suture technique*
(% change)

9.7 (216.0, 35.3) 0.45 215.4 (244.2, 13.4) 0.28

Amount of capsule used for labral
augmentation (% change per mm)

21.2 (25.5, 3.1) 0.58 1.3 (23.6, 6.1) 0.60

*Reference: Loop suture technique.
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Appendix
Supporting material provided by the authors is posted
with the online version of this article as a data supplement

at jbjs.org (http://links.lww.com/JBJSOA/A557). n
NOTE: The authors thank Mark Cote, DPT, MS, from Mass General Brigham for assistance with
statistical analyses.
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