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Background: Acetabular cartilage lesions are a common abnormality found in patients undergoing hip arthroscopic surgery and
may cause pain and functional limitations. Several strategies have been developed to treat chondral defects, with no overwhelming
success. Recently, BST-CarGel has gained interest as a scaffolding material that can be injected into the microfracture site to
stabilize the clot and facilitate cartilage repair.

Purpose: To perform a retrospective analysis of prospectively collected data to evaluate the safety profile and short-term clinical
and radiographic outcomes of patients treated arthroscopically with BST-CarGel for acetabular chondral defects in conjunction
with microfracture.

Study Design: Case series; Level of evidence, 4.

Methods: A retrospective chart review was performed on all patients who underwent hip arthroscopic surgery by the senior
surgeon to identify those who had BST-CarGel applied to their hip from November 2014 to July 2016, and basic demographic
information for those patients was obtained. Operative reports and patient charts were reviewed to assess intraoperative and
postoperative complications as well as to obtain the details of surgery, including lesion size and treatment method of the labrum
(repair vs reconstruction). All patients filled out self-reported questionnaires, including the international Hip Outcome Tool (iHOT),
Hip Outcome Score–Activities of Daily Living (HOS-ADL), and Hip Outcome Score–Sports Profile (HOS-SP) at the time of con-
sultation and at 1 year postoperatively, and results were used to assess the clinical outcomes of surgery.

Results: Thirty-seven patients (37 hips) with a mean age of 36.19 years at the time of the index procedure were evaluated. There
were 30 male patients, and 20 procedures were performed on the right hip. The minimum follow-up was 1 year, with a mean follow-
up of 12.72 months. There were no major adverse events of deep vein thrombosis, blood vessel or nerve damage, hemarthrosis,
arthralgia, or device-related adverse events. Two patients (5.4%) were readmitted because of pain, probably resulting from an
inflammatory reaction to BST-CarGel. At 1 year postoperatively, there were statistically significant improvements in the iHOT (40.4
to 59.1; P< .001), HOS-ADL (60.6 to 71.4; P¼ .02), and HOS-SP (36.9 to 51.6; P¼ .01) scores. When the patients were subdivided
based on the chondral defect size, the iHOT score improved for all chondral defect sizes, and the HOS-SP score improved in
patients with medium (2-4 cm2) and very large (>6 cm2) chondral defects. In addition, the iHOT score improved whether the
patients had their labrum repaired or reconstructed (P < .001 and P ¼ .02, respectively).

Conclusion: The arthroscopic treatment of chondral acetabular defects with BST-CarGel demonstrates a satisfactory safety
profile, with statistically significant improvement in patient-reported clinical outcome scores, even for those with very large
chondral defect sizes.
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Osteoarthritis of the hip is a disabling condition, which
leads to large burdens on patients and society.14 The cause
of osteoarthritis is thought to be multifactorial, with

genetic, biomechanical, structural, and morphological fac-
tors as main contributors.11 Because of the avascular
nature of cartilage, a chondral lesion often does not spon-
taneously heal, and this has been theorized to result in
early osteoarthritis.17 Numerous treatments have been
proposed for this challenging condition. Microfracture is a
standard treatment for small chondral defects, with good
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results and low complication rates.7,8,19 This procedure
results in the attraction of undifferentiated stem cells to
chondral defects. These cells are stabilized by a bone mar-
row clot and differentiate into stable fibrocartilaginous tis-
sue.3 Its indications and efficacy are well established for
chondral lesions in the knee.8,19

Success with this technique in treating chondral damage
in the knee has led to the application of the same technique
in the hip joint with good results. Philippon and colleagues16

assessed 9 patients with full-thickness chondral defects who
underwent microfracture via hip arthroscopic surgery. Eight
patients had 95% to 100% coverage of the chondral defect as
seen during revision second-look arthroscopic surgery of the
hip.16 In addition, the study by Karthikeyan and colleagues7

showed that 19 of 20 patients had an average fill of 96%
when chondral defects were treated with microfracture.
McDonald and colleagues12 showed that professional hockey
players who underwent microfracture for Outerbridge
grade 4 chondral lesions were able to return to competitive
games without a statistically significant decrease in perfor-
mance when compared with the matched control cohort.

In our clinical practice, we combine microfracture with
an injectable chitosan-based medical device as there is evi-
dence of increased cell recruitment, transient vasculariza-
tion, and subchondral bone remodeling in drilled cartilage
defects using chitosan–glycerol phosphate/blood
implants.1,4 BST-CarGel (Piramal Life Sciences) is an inject-
able chitosan-based medical device that is designed to be
used in conjunction with the bone marrow stimulation tech-
nique. It is composed of the buffer b-glycerophosphate and
chitosan, which is in a liquid state at room temperature. It is
mixed with the patient’s untreated whole blood and deliv-
ered to a surgically prepared cartilage lesion in which micro-
fracture has already been performed. The BST-CarGel and
blood mixture then solidifies in the cartilage defect, forming
a 3-dimensional scaffold for the repair process by stabilizing
the clot in the cartilage lesion via adhesion and inhibition of
clot retraction. The resulting gel implant facilitates the
body’s own healing response, potentially by enhancing the
residency of wound-healing factors found in the blood along
with bone marrow–derived cells.1,4,5 The safety and efficacy
of BST-CarGel in treating chondral lesions of the femoral
condyles have been shown in a randomized controlled trial
by Stanish et al.18 However, clinical research on other joints
including the hip is limited.

The primary purpose of this study was to assess the
safety profile of the hip in patients who underwent arthro-
scopic microfracture in conjunction with BST-CarGel
through a retrospective chart review. The secondary objec-
tive was to conduct a retrospective analysis of prospectively
collected early clinical outcome data on patients who
underwent arthroscopic microfracture in conjunction with

BST-CarGel for femoral head chondral defects. The inter-
national Hip Outcome Tool (iHOT) and the Hip Outcome
Score (HOS) were used for clinical outcome analysis.

METHODS

Ethics approval was obtained from the Nova Scotia
Health Authority Research Ethics Board. The first appli-
cation of BST-CarGel for hip lesions at our institution was
in November 2014. Therefore, the case log of the senior
surgeon (I.H.W.) was reviewed to identify patients who
had BST-CarGel applied to their hip from November
2014 to July 2016, which was about a year before the date
of the chart review to allow for up to 1 year of clinical
follow-up.

All patients who underwent hip arthroscopic surgery by
the senior surgeon, after providing informed consent, filled
out a self-reported questionnaire, which included the iHOT
and HOS, at their preoperative and 1-year postoperative
follow-up visits. The HOS was further divided into the
Activities of Daily Living (HOS-ADL) and Sports Profile
(HOS-SP) subsections. All patients underwent magnetic
resonance arthrography of their affected hip as a usual
preoperative protocol to better characterize the chondral
defect and also to identify other hip abnormalities.

The approved use of BST-CarGel at our institution is for
a chondral defect larger than 2 cm2. Therefore, if the mag-
netic resonance arthrogram is consistent with a chondral
defect larger than 2 cm2, BST-CarGel is ordered in advance
before surgery. If the intraoperative measurement of the
chondral defect is less than 2 cm2, then only the bone mar-
row stimulation procedure via microfracture is performed,
without BST-CarGel augmentation. Occasionally, the
intraoperative measurement of the chondral defect size is
found to be larger than preoperatively anticipated, in which
BST-CarGel could not have been ordered in advance. In
these cases, the patients are given an option to return to
the operating room for revision hip arthroscopic surgery
with microfracture and BST-CarGel application.

Surgical Technique

The senior surgeon followed a similar surgical technique to
that reported by Tey et al.21 In short, hip arthroscopic sur-
gery was performed with the patient placed in a lateral
position on the traction table. The standard anterolateral
portal was used as a viewing portal, while the distal mid-
anterior portal was used as a working portal. A curette and
motorized shaver were used to remove delaminated carti-
lage. Once a stable and well-defined margin of healthy car-
tilage was seen, the calcified layer was removed to expose
the subchondral bone. Microfracture was performed using
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a 60� arthroscopic awl with a depth of 2 to 3 mm and length of
5 mm until the entire defect was covered. Acetabuloplasty was
performed to treat the labral lesion, and suture anchors
(2.3-mm Osteoraptor; Smith & Nephew) were used to refix the
labrumif the labrumwasrepairable (Figure1).The labrumwas
reconstructed using a gracilis allograft and only when found
irreparable.9 Once traction was released, cam lesions were
addressed by horizontal capsulotomy or T-capsulotomy (if
required) mainly through a distal-lateral portal.

BST-CarGel was prepared according to the manufac-
turer’s instructions with 4.5 mL of autologous venous
blood. Traction was reapplied, and neural strips were used
to dry the joint. A large bent spinal needle was used to
deliver the BST-CarGel mixture to treat the defect. The
implant was left in place for 10 minutes, and then traction
was released (Figure 2 and Supplemental Video). After
placement of the implant, no fluid was reinfused into the
hip joint.

Postoperative Rehabilitation Protocol

Patients were instructed to practice weightbearing accord-
ing to the following schedule: 20% weightbearing for
7 weeks, continuing to optimize the gait pattern with
crutches; 50% weightbearing at week 8; 75% weightbearing
at week 9; and full weightbearing at week 10.

Range of motion was maintained according to the follow-
ing schedule:
0-2 weeks: hip flexion to 90� and side-lying hip extension.
>2-6 weeks: passive range of motion with flexion (full as
tolerated), extension (minimum 15� is crucial), internal
rotation, gentle external rotation, circumduction, and
abduction.
>6-12 weeks: restoration of full hip joint mobility (all move-
ments; combined movements of flexion, adduction, and
internal rotation; and flexion, abduction, and external rota-
tion), distraction techniques with a belt (mobilization with
movement) as required, soft tissue release/massage ther-
apy to antagonistic muscle(s), fascial release, scar adhe-
sion, and mobilization of the lumbar spine and pelvis if
needed.
>12 weeks: continuation of previous stretching exercises as
needed.

Statistical Analysis

A chart review was performed on all the included patients.
Basic demographic information such as sex, age at the time
of surgery, and body mass index was obtained. In addition,
any adverse events were recorded from the follow-up clinic
visits and emergency department visits postoperatively.
Operative reports were reviewed to obtain the lesion size
based on the intraoperative measurement and whether the
labral tear was repaired or reconstructed. These intraopera-
tive variables were used to stratify the study population to
allow subgroup analysis. All statistical analyses were per-
formed with SPSS Statistics version 24 (IBM), and a paired t
test was used to compare the preoperative and postoperative
patient-reported clinical outcome scores. A P value of <.05
was used to determine statistical significance.

RESULTS

There were 37 hips (37 patients) that involved the applica-
tion of BST-CarGel. The mean age of the patients was 36.19
± 8.19 years, and the mean body mass index was 27.11 ±
3.93 kg/m2. Thirty procedures (81.1%) were performed on
male patients, and 20 procedures (54.1%) were performed
on the right hip (Table 1).

No major adverse events of deep vein thrombosis, blood
vessel or nerve damage, hemarthrosis, arthralgia, or device-
related adverse events were reported. Two (5.4%) patients
underwent repeat surgery because of significant pain within
2 days of their procedure. Combined with significantly
elevated inflammatory markers (C-reactive protein
>200 mg/L), both patients were taken to the operating room
for urgent irrigation and debridement. However, neither the
intraoperative findings nor cultures were consistent with an

Figure 2. Labral repair after CarGel insertion (final view). 3D,
3-dimensional; A, acetabulum; C, CarGel; L, labral repair.

Figure 1. Labral repair before CarGel insertion. A, acetabu-
lum; L, labral repair; M, microfracture; N, needle.
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infection, and antibiotics were discontinued for both patients
after the final culture came back negative. Their postopera-
tive courses were unremarkable afterward.

There was a statistically significant improvement in all
patient-reported outcome scores at 1 year postoperatively
compared with the preoperative values. The preoperative
iHOT score improved significantly at the 1-year postopera-
tive time point (P < .001). The HOS-ADL and HOS-SP
scores also improved significantly (P ¼ .02 and P < .01,
respectively) (Table 2).

The mean chondral defect size based on the intraopera-
tive measurement was 5.8 ± 2.6 cm2. The study population
was divided into 3 subgroups based on the chondral defect
size: medium (2-4 cm2), large (4-6 cm2), and very large (>6
cm2). The iHOT score showed a statistically significant
improvement in all 3 subgroups. The HOS-SP score also
showed a statistically significant improvement in the
groups with medium and very large chondral defects
(Tables 3-5).

The study population was also divided and compared
based on the method of surgical management of the labral
lesion, which was either repaired or reconstructed based on
the viability of the torn labrum. The outcome scores were
generally lower in the reconstruction group, but statistically
significant improvements in some clinical outcome scores

were observed in both groups. The iHOT score showed a
statistically significant improvement in both the repair and
reconstruction groups (P< .001 and P¼ .02, respectively). In
addition, the repair group showed a statistically significant
increase in the HOS-ADL score (P ¼ .05), and the recon-
struction group showed an increase in the HOS-SP score
(P ¼ .008). The findings are summarized in Tables 6 and 7.

DISCUSSION

Our study examined the safety profile as well as short-term
clinical outcomes of BST-CarGel in treating chondral

TABLE 2
Clinical Outcome Scores Measured
Preoperatively and Postoperativelya

Outcome
Measure Preoperative Postoperative Differenceb P

iHOT 40.4 ± 19.7 59.1 ± 26.1 18.7 ± 4.7 <.001
HOS-ADL 60.6 ± 19.4 71.4 ± 22.9 10.8 ± 3.2 .02
HOS-SP 36.9 ± 24.9 51.6 ± 31.0 14.7 ± 4.1 .01

aValues are presented as mean ± SD unless otherwise indi-
cated. HOS-ADL, Hip Outcome Score–Activities of Daily Living;
HOS-SP, Hip Outcome Score–Sports Profile; iHOT, international
Hip Outcome Tool.

bValues are presented as mean ± standard error.

TABLE 3
Preoperative and Postoperative Clinical Outcome Scores
in Patients With Medium Chondral Defects (2-4 cm2)a

Outcome
Measure Preoperative Postoperative Differenceb P

iHOT 40.6 ± 16.2 65.2 ± 25.3 24.6 ± 6.4 <.001
HOS-ADL 65.7 ± 20.9 77.2 ± 21.1 11.4 ± 6.1 .04
HOS-SP 38.6 ± 29.2 60.3 ± 35.5 21.7 ± 9.7 .02

aValues are presented as mean ± SD unless otherwise indi-
cated. HOS-ADL, Hip Outcome Score–Activities of Daily Living;
HOS-SP, Hip Outcome Score–Sports Profile; iHOT, international
Hip Outcome Tool.

bValues are presented as mean ± standard error.

TABLE 4
Preoperative and Postoperative Clinical Outcome Scores

in Patients With Large Chondral Defects (4-6 cm2)a

Outcome
Measure Preoperative Postoperative Differenceb P

iHOT 45.1 ± 23.2 60.3 ± 28.3 15.2 ± 7.6 .03
HOS-ADL 67.2 ± 21.8 75.5 ± 19.1 8.3 ± 6.7 .13
HOS-SP 44.0 ± 26.0 45.5 ± 34.3 1.5 ± 6.7 .41

aValues are presented as mean ± SD unless otherwise indi-
cated. HOS-ADL, Hip Outcome Score–Activities of Daily Living;
HOS-SP, Hip Outcome Score–Sports Profile; iHOT, international
Hip Outcome Tool.

bValues are presented as mean ± standard error.

TABLE 1
Demographic Characteristics of Patientsa

Sex, n (%)
Male 30 (81.1)
Female 7 (18.9)

Side, n (%)
Right 20 (54.1)
Left 17 (45.9)

Labral repair, n (%) 22 (59.5)
Labral reconstruction, n (%) 15 (40.5)
Cam lesion, n (%) 17 (45.9)
Age at surgery, y 36.19 ± 8.19
Body mass index, kg/m2 27.11 ± 3.93
Duration of follow-up, mo 12.72 ± 7.25

aValues are presented as mean ± SD unless otherwise indi-
cated.

TABLE 5
Preoperative and Postoperative Clinical Outcome Scores
in Patients With Very Large Chondral Defects (>6 cm2)a

Outcome
Measure Preoperative Postoperative Differenceb P

iHOT 36.9 ± 20.6 51.6 ± 26.5 14.7 ± 8.7 .05
HOS-ADL 51.8 ± 11.5 58.1 ± 25.4 6.3 ± 8.2 .23
HOS-SP 26.6 ± 17.1 43.9 ± 25.7 17.3 ± 8.9 .04

aValues are presented as mean ± SD unless otherwise indi-
cated. HOS-ADL, Hip Outcome Score–Activities of Daily Living;
HOS-SP, Hip Outcome Score–Sports Profile; iHOT, international
Hip Outcome Tool.

bValues are presented as mean ± standard error.
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lesions of the hip joint. There were 2 (5.4%) patients who
underwent irrigation and debridement with a presumed
diagnosis of an infection. Both patients presented with sig-
nificant hip pain within 2 days of surgery, with C-reactive
protein levels above 200 mg/L. However, both patients were
later found to be noninfected with a negative intraoperative
culture and were successfully treated with appropriate
analgesics without the use of long-term antibiotics. This
was believed to be caused by an exaggerated inflammatory
response to BST-CarGel.18 These events led to changes in
the postoperative regimen at our institution, including
overnight admission, strict use of a cooling device, and
around-the-clock use of multimodal oral analgesics during
the early postoperative period. There were no more
unplanned admissions after these changes in the postoper-
ative regimen.

There was no incidence of deep vein thrombosis, blood
vessel or nerve damage, or hemarthrosis in our study.
A literature review suggests a variability in complication
rates, ranging from 0% to 97%, after cartilage repair in the
knee.13,18 Stanish et al18 reported that 97% of the patients
who received BST-CarGel treatment of the femoral condyle
developed complications of mild to moderate intensity dur-
ing the postoperative period, including arthralgia (68%),
procedural pain (32%), nausea (17%), unanticipated device-
related adverse events (12%), and anticipated device-related
adverse events (10%). Severe adverse effects, including
procedure-related and device-related events, were found in

12% of patients, and 1 patient developed pulmonary embo-
lism, deep vein thrombosis, and pleurisy.18 A systematic
analysis conducted by Mithoefer et al13 involving 28 studies
and 5276 participants who underwent microfracture for
knee cartilage repair reported complication rates of 0% to
13%, including procedure-related complications. Our results
showed a better safety profile in treating hip cartilage
defects with BST-CarGel than was seen in the knee. The
safety profile of BST-CarGel in our series is similar to that
seen for isolated microfracture of the knee.

We demonstrated that there is a statistically significant
improvement in iHOT, HOS-ADL, and HOS-SP scores at
short-term follow-up (1 year). The minimal clinically impor-
tant differences for iHOT, HOS-ADL, and HOS-SP scores
are 6, 9, and 6 points, respectively. Therefore, the improve-
ment of all 3 scores observed in our study is not only statis-
tically but also clinically significant, with mean increases of
18.7, 10.8, and 14.7 for the iHOT, HOS-ADL, and HOS-SP,
respectively. These promising clinical outcomes in our
study are also supported by other studies using BST-
CarGel for the treatment of knee and hip chondral
lesions.2,3,10,18 Tahoun et al20 reported a significant
increase in the HOS-ADL score by 23 points (P < .001) and
the HOS-SP score by 40 points (P < .001) for 13 patients
who received BST-CarGel treatment for chondral lesions.
Stanish et al18 also reported a significant improvement in
the Western Ontario and McMaster Universities Osteoar-
thritis Index score in 41 patients who underwent BST-
CarGel with microfracture for knee chondral defects.

Moreover, we observed a significant improvement in
patient-reported outcome scores irrespective of the chon-
dral defect size (see Tables 3-5). Even the patients with a
very large lesion size (>6 cm2) showed significant improve-
ments in the iHOT (P ¼ .05) and HOS-SP (P ¼ .04) scores.
The treatment of large chondral lesions (4-6 cm2) has been a
challenging task, as reported in several previous stud-
ies.6,19,22 Both studies by Jannelli and Fontana6 and Yen
and Kocher22 suggested microfracture as a suitable treat-
ment option only for small chondral defects of less than
2 cm2. The study by Steadman et al19 reported better effi-
cacy of microfracture when treating small chondral lesions
of less than 4 cm2 compared with lesion sizes greater than
4 cm2. This trend is also shown in the study by Fontana and
de Girolamo,2 in which 77 patients underwent microfracture
for femoroacetabular impingement–induced chondral
lesions. Unsatisfactory results of microfracture for large
chondral lesions have led to trials with more invasive and
resource-intensive procedures, including mosaicplasty and
autologous membrane–induced chondrogenesis.2,6 Our
study suggests BST-CarGel as a potentially effective
tool in treating large chondral defects in the hip.

There was both a statistically and a clinically significant
improvement in iHOT (16.2; P ¼ .02) and HOS-SP (18.8; P
¼ .008) scores for the patients who underwent labral recon-
struction. The reconstruction group in our study represents
patients with more chronic problems and a worse clinical
status, as shown by the lower mean preoperative clinical
outcome scores. Philippon et al15 reported that the out-
comes of patients who underwent labral debridement or
reconstruction were inferior to those of patients who

TABLE 7
Preoperative and Postoperative Clinical Outcome Scores

in Patients Who Underwent Labral Reconstructiona

Outcome
Measure Preoperative Postoperative Differenceb P

iHOT 31.2 ± 14.4 47.4 ± 22.0 16.2 ± 7.4 .02
HOS-ADL 49.3 ± 9.4 55.8 ± 21.3 6.5 ± 6.4 .16
HOS-SP 26.5 ± 14.9 45.3 ± 24.0 18.8 ± 6.8 .008

aValues are presented as mean ± SD unless otherwise indi-
cated. HOS-ADL, Hip Outcome Score–Activities of Daily Living;
HOS-SP, Hip Outcome Score–Sports Profile; iHOT, international
Hip Outcome Tool.

bValues are presented as mean ± standard error.

TABLE 6
Preoperative and Postoperative Clinical Outcome Scores

in Patients Who Underwent Labral Repaira

Outcome
Measure Preoperative Postoperative Differenceb P

iHOT 46.6 ± 20.1 68.0 ± 27.3 21.4 ± 5.5 <.001
HOS-ADL 71.5 ± 19.4 82.0 ± 17.3 10.6 ± 5.9 .05
HOS-SP 45.8 ± 30.0 52.1 ± 37.0 6.3 ± 7.0 .19

aValues are presented as mean ± SD unless otherwise indi-
cated. HOS-ADL, Hip Outcome Score–Activities of Daily Living;
HOS-SP, Hip Outcome Score–Sports Profile; iHOT, international
Hip Outcome Tool.

bValues are presented as mean ± standard error.
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underwent labral repair. However, our results demonstrate
that microfracture in conjunction with BST-CarGel is effec-
tive for patients with chronic chondral defects and worse
preoperative clinical outcome scores.

The main limitation of this study is the lack of a control
group (no group with only microfracture or no treatment of
the chondral lesion), so the added benefit of BST-CarGel
over microfracture and femoroacetabular impingement
treatment alone is still unclear. In addition, the safety pro-
file was examined via a retrospective chart review, which
likely underestimated the postoperative complications. The
follow-up duration was relatively short at 1 year, and there-
fore, the long-term effects of BST-CarGel for the treatment
of chondral defects in the hip joint are still unknown. A well-
designed randomized controlled trial comparing BST-
CarGel and other conventional treatments with a
long-term follow-up is the next step to demonstrate any
advantage of BST-CarGel over isolated microfracture.

In conclusion, our study showed a satisfactory safety pro-
file for the use of BST-CarGel in treating patients with hip
chondral defects, irrespective of the defect size, at 1-year
short-term follow-up. Early clinical outcomes in this diffi-
cult patient population (young patients with large chondral
defects) are promising. Longer follow-ups and randomized
clinical trials are needed to adequately evaluate the role of
this technique.
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