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Abstract

Objective To explore a novel ultrasound-guided injection technique of releasing extra-articular anterior hip adhesions in
arthroscopically treated femoroacetabular impingement patients.

Materials and methods IRB-approved pilot study included 24 consecutive patients referred for ultrasound-guided injection (Jan 1,
2017-Mar 31, 2018) with anterior hip pain and/or limited hip flexion following arthroscopic treatment for femoroacetabular impinge-
ment. They underwent ultrasound-guided pressure injection, releasing post-operative extra-articular adhesions between the joint
capsule and flexor tendons along the arthroscopic portal followed by steroid instillation. A visual analogue pain score of 0—10 and
standard Hip Outcome Score was used to record treatment response pre-injection, at 6 weeks and at 6 months following injection.
Results Nine out of 11 patients (complete data group) who answered all questionnaires showed response to injection with
improvement in Hip Outcome Scores at 6 weeks and 6 months. Three out of 10 patients (incomplete data group) showed
significant response to injection from clinical follow-up records. No records were available in 3 patients. In total, 12 (57.14%)
out of 21 patients showed response to injection. No post-procedure complications.

Conclusion Ultrasound-guided pressure injection is a novel, safe, and effective procedure providing pain relief and improved hip
movement as evaluated in our small sample study. The limitations of this pilot project include small sample size, lack of control
group, short 6-month follow-up, and single institution study. This minimally invasive technique could be a cost-effective
alternative to surgical adhesiolysis and can potentially be extended for extra-articular adhesions at other peripheral joints,
amenable to ultrasound.
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Introduction in the hip joint. This condition is treated surgically by open
surgical or arthroscopic procedures with corrective

Femoroacetabular impingement is the result of a size and  osteochondroplasty and labral repair [1, 2].

shape mismatch between the femoral head-neck and the ace- The hip joint is enveloped by a capsule which is attached to

tabulum. The impingement or friction between these surfaces  the rim of the acetabulum and the neck of femur. Three main

can lead to structural damage such as labral and cartilage tears ~ ligaments which strengthen the capsule—ligamentous complex
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include iliofemoral, ischiofemoral, and pubofemoral liga-
ments. Standard hip arthroscopy portals include an anterolat-
eral portal (just anterior to the tip of the greater trochanter),
posterolateral portal (posterior to the tip of the greater trochan-
ter), and an anterior portal (lateral and distal to the intersection
of a line drawn transversely from the greater trochanter and a
line drawn distally from the ASIS) [3]. The pathway of the
anterior portal penetrates the muscle belly of the sartorius and
the rectus femoris before entering the anterior capsule of the
hip joint (Fig. 1). The anterior portal has been described with
several variations as injury to the lateral femoral cutaneous
nerve is a potential associated complication.

Post-operative pain following surgery for femoroacetabular
impingement has been attributed to formation of intra-
articular adhesions, extra-articular adhesions along the scope
portal, repeat injury to intra-articular structures, or incomplete
correction of femoroacetabular impingement bony morpholo-
gy amongst other causes [4]. The intra-articular adhesions can
occur between repaired portion of labrum and adjacent over-
lying capsule or slightly inferiorly, between femoral neck and
overlying capsule. The extra-articular adhesions can occur
along the arthroscopy portal tract along the anterior hip, be-
tween the external surface of joint capsule and overlying flex-
or tendon sheath with resultant loss of plane of separation
between these structures (Figs. 2, 3, and 4).

The post-scope adhesions could result in anterior hip pain
and limited range of movement [5]. While the role of and
treatment for intra-articular adhesions with repeat surgery [5,
6] has been reported, there is limited information about extra-

Fig. 1 Sagittal MRI image with
solid white arrow showing the
pathway of the anterior portal of
hip arthroscopy through the
sartorius, rectus femoris, and then
entering the anterior capsule of
the hip joint. (AIIS anterior
inferior iliac spine, GT greater
trochanter)

ANTERIOR

POSTERIOR
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articular adhesions in literature [4]. We describe the technical
details and our initial experience with a percutaneous mini-
mally invasive ultrasound-guided pressure injection technique
for treating these extra-articular adhesions. To our knowledge,
this treatment option has not been explored previously in post-
hip arthroscopy patients and is therefore a novel technique.

Materials and methods

Institutional research ethics board approval was obtained for
this prospective pilot study. Informed verbal consent was
obatined from all patients.

Patients

Between Jan 1, 2017, and Mar 31, 2018, 24 patients (15 fe-
male and 9 male, ages 21 years 8 months to 51 years 1 month)
with anterior hip pain and/or limited hip movement following
hip arthroscopic treatment for femoroacetabular impingement
were clinically evaluated and referred by a femoroacetabular
impingement specialist orthopaedic surgeon to our radiology
department for a preliminary hip ultrasound. The loss of range
of motion in all planes more than 5° compared to the contra-
lateral side was used as a clinical test by the referring clinician
in addition to lack of any other clinically explainable cause/
causes of pain or limitation of hip movements. None of the
patients had post-operative MRI, prior to the ultrasound as-
sessment. The average time interval between surgery and

Sartorius

Anterior capsule of hip joint

e
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ACETABULUM #" FEMORAL HEAD

Fig. 2 Line diagram (Fig. 2a) with black = acetabulum; grey = femoral
head, neck, trochanteric region; blue = joint capsule; red = flexor tendons;
yellow = plane between the capsule and tendons; orange = zone of extra-
articular adhesions along the anterior portal tract of hip arthroscopy. Long
axis ultrasound images (Fig. 2b, Fig. 2¢) of anterior hip joint in a 31-year-

ANTERIOR

RECTUS FEMORIS TENDQN

% \____——— ANTERIOR CAPSULE OF HIP JOINT

-;’ FEMUR HEAD

ACETABULUM

POSTERIOR

Fig. 3 Axial T2 fat saturated MRI image of hip in a normal 47-year-old
patient demonstrating preserved tissue plane between the normal anterior
capsule of hip joint (outlined by blue lines) and rectus femoris tendon

ACETABULUM FEMORAL HEAD

old man showing echogenic thickened extra-articular adhesions (shaded
orange zone in Fig. 2a, ¢) between the echogenic line of hip capsule
(outlined by blue line in Fig. 2a, c¢) and flexor tendon deeper margin
(outlined by red line in Fig. 2a, c) along anterior portal tract of hip
arthroscopy

ANTERIOR

RECTUS FEMORIS TENDON

-

—————CAPSULE OF HIP JOINT
FEMUR HEAD

g ACETABULUM
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(outlined by yellow line) at level of superior aspect of hip joint (Fig. 3a)
and at a slightly inferior (Fig. 3b) level
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Fig. 4 Axial T2 fat saturated MRI image hip in a 27-year-old female
patient demonstrating rectus femoris tendon (outlined by yellow line),
capsule of hip joint (outlined by blue line), and extra-articular adhesions
(outlined by red line) with loss of tissue plane (shaded blue and red areas

ultrasound intervention was 8.7 months, range 1-18 months
(exception of 1 patient, 7 years post-surgery).

Diagnostic ultrasound

All the hip ultrasound examinations were performed on a
Philips 1U22 ultrasound machine using mainly 12-5 MHz
linear transducer and using 9 MHz linear array in a few large
patients. The diagnostic ultrasound was performed by either
of the 2 musculoskeletal radiologists with 17 years and
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in Fig. 4d) between these structures along the anterior portal tract of hip
arthroscopy compared to preserved tissue plane at similar levels in Fig. 3a
and b

2 years of musculoskeletal radiology experience. The ar-
throscopy portal was identified as extra-articular, anterior,
and inferior to the repaired labrum. In our study group, ul-
trasound demonstrated thickened echogenic tissue between
the hip capsule and iliopsoas or rectus femoris tendons with
loss of separating plane between them, along the anterior
arthroscopic portal tract, which was identified as extra-
articular adhesions (Fig. 2). All patients described point
pain and/or tenderness in this region. Comparison was made
with the opposite normal side. There was inter-observer
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agreement between the two radiologists regarding the diag-
nostic ultrasound findings in all cases.

Consecutive patients with demonstrable extra-articular ad-
hesions on ultrasound were then scheduled for ultrasound-
guided injection.

Injection technique

All injections were performed in an outpatient radiology setting
in a University-affiliated hospital by the 2 musculoskeletal radi-
ologists. The long axis plane images on ultrasound best demon-
strated the tissue planes and the adhesions along the portal tract.
The injections were performed under aseptic precautions
utilizing an anterolateral long axis approach with the patient in
a supine position. Under direct ultrasound vision, sufficient local
anaesthetic (1% Xylocaine) agent was instilled up to the surface
of the thickened echogenic tissue between the anterior hip joint
capsule/flexor tendon sheath (iliopsoas or rectus femoris tendons)
interface. Using a 22- or 25-gauge needle, precautions were taken
to prevent penetration of the joint capsule with resultant inadver-
tent intra-articular injection.

After the needle tip was localised to the plane between the
joint capsule and overlying flexor tendon sheath (Fig. 5), the
bevel of the needle was slightly rotated to confirm that there
was resistance felt to movement of the needle tip, indicative of
thick adhesions. Then, about 2 ml of local anaesthetic was
injected to confirm that the injected fluid remained extra-
articularly between the joint capsule and the flexor tendon sheath.
Significant resistance was felt to this injection due to resistance
from the extra-articular adhesions. Following injection, hydro
dissection was carried out by pressure injection of 10-12 ml of
0.5% Sensorcaine, until there was lack of resistance to the

ACETABULUM

Fig. 5 Line diagram (Fig. 5a) with black = acetabulum; grey = femoral
head, neck, trochanteric region; blue = joint capsule; red = flexor tendons;
yellow = plane between the capsule and tendons; orange = zone of extra-
articular adhesions along the anterior portal tract of hip arthroscopy where
needle tip is positioned, and long axis ultrasound image (Fig. 5b) of

injection. A cleavage plane was seen with the injected fluid
tracking along the surface of hip joint capsule separating it from
the overlying thickened echogenic flexor tendon sheath (Fig. 6).
One millilitre of methyl prednisolone (Depo-Medrol 40 mg/ml)
was then instilled over the surface of the hip joint, at the site of
adhesiolysis.

Data collection

The pre- and post-procedure pain and range of hip movements
were assessed to evaluate the effectiveness of the injection, using
questionnaires. A visual analogue pain score of 0—10 (0 = no pain
and 10 = worst pain) was used to record pain improvement. The
improvement of hip movements was recorded using the standard
Hip Outcome Score (HOS), a functional measure with no ques-
tions related to symptoms. The Hip Outcome Score consists of
two functional subscales of activities of daily living (ADL) and
sports subscale with 19 and 9 questions in each subscale, respec-
tively [7, 8]. The data was recorded as time intervals, prior to the
injection, at 6 weeks and at 6 months post-injection. The elec-
tronic follow-up records with the referring orthopaedic surgeon
were reviewed in all the cases where the patients declined or
could not complete the full set of questionnaires for the specified
time periods. Also, any available MRI imaging of the patients
post-ultrasound procedure for persistent pain were reviewed from
the radiology PACS system.

Results (summarized in Fig. 7 - flow chart)

The data collection was considered complete for 11 out of 24
patients who answered all questionnaires. In these 11 patients

FEMORAL HEAD

anterior hip joint in a 31-year-old man showing a 25-gauge needle (yel-
low arrows) positioned with its tip (yellow star in Fig. 5b) in the plane
between the echogenic line of hip capsule (outlined by blue line) and
flexor tendon deeper margin (outlined by red line) along anterior portal
tract of hip arthroscopy
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Fig. 6 Long axis ultrasound
image of anterior hip injection
with a 25-gauge spinal needle
(yellow arrows; needle tip denot-
ed by yellow star) in a 3 1-year-old
man showing release of adhesions
with pressure-injected fluid (an-
echoic area between blue and red
lines) replacing echogenic extra-
articular adhesions between hip
capsule (outlined by blue line)
and overlying flexor tendon
(outlined by red line)

ACETABULUM

with complete data, the average improvement in pain score for
all 11 patients was 2.54 at 6 weeks and 2.36 at 6 months post-
injection with complete pain relief recorded in 4 patients at
6 months (summarized in Table 1 with patient demographics).
The average improvement in the activities of daily living sub-
scale of Hip Outcome Score at 6 weeks was 8.56% and at
6 months was 10.05%. The average improvement in the sports
subscale of Hip Outcome Score is 5.88% at 6 weeks and
10.91% at 6 months (summarized in Table 2).

Three patients out of total 24 patients did not have any
available follow-up records. The remainder 10 patients in
whom electronic follow-up records were available were con-
sidered to have incomplete data set and are discussed below.

Two out of these 10 patients had significant to excellent
response in symptoms documented at 6 months from the time

FEMORAL HEAD

of injection with patients returning to all sporting activities
and both were discharged from routine clinic follow-up there
after. One out of these 10 patients had a partial response after
Ist injection and received a second ultrasound-guided injec-
tion 10 months from the time of the first injection. This patient
had significant improvement recorded following the 2nd in-
jection and was also discharged from routine clinic follow-up.

The remaining 7 out of 10 patients did not respond to the
injection with 2 patients having transient benefit at 6 weeks
only and were still symptomatic at 6 months follow-up.

In summary, 12 patients approximately 57.14% of patients
(9 patients from the complete data set and 3 patients from the

Table 2 Hip Outcome Scores (in percentages) for ADL (ADL =
activities of daily living) and sports subscale before = pre-injection, at
6 weeks and 6 months from the date of injection

Table 1  Patient demographics, pain score (0—10) before = pre-
injection, at 6 weeks and 6 months from the date of injection ADL subscale Sports subscale

Age in years Sex Before 6 weeks 6 months Before 6 weeks 6 months Before 6 weeks 6 months
1 20 Female 4 1 0 1 73.33 85 92.64 46.87  65.62 77.77
2 26 Female 6 2 2 2 7794  91.17 95.58 65.62  71.87 83.33
3 41 Female 7 7 7 3 75 72.72 72.72 25 25 25
4 33 Male 3 1 2 4 67.85 85.71 82.81 67.85 75 71.87
5 21 Male 5 4 5 5 96.42  96.42 89.06 83.33 83.33 83.33
6 45 Male 5 1 0 6 79.68  92.18 98.43 75 85.71 96.42
7 44 Female 7 3 4 7 75 88.33 84.37 65.62 75 75
8 28 Male 9 6 4 8 68.75  89.06 76.56 46.87  78.12 59.37
9 27 Female 6 7 7 9 70.58  58.82 55.88 40.62  21.87 21.87
10 51 Male 6 1 0 10 100 100 100 100 100 100
11 46 Female 3 0 0 11 8235 8823 100 4285 4285 85.71
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results of the injection procedure

Fig. 7 Flow chart outlining the ‘
and outcomes of imaging or

Totaln =24 ’

repeat surgery in patients who did
not respond to injection. n number
of patients. Complete data =
patients who completed all
questionnaires. Incomplete

data = patients who did not
complete or refused to answer
questionnaires; the above
information in this group was
obtained from their electronic
follow-up records with the refer-
ring orthopaedic surgeon and im-
aging results

n with complete
data =11

N

Response to injection

n with no records = 3

n with incomplete
data=10

Response to injection

<N\

Yes=9

No =2

Yes=3 No=7

1= intra-articular adhesions

2" repeat arthroscopic surgery = 2

2 = psoas impingement, capsulitis

2 repeat arthroscopic surgery = 2
1= intra-articular adhesions

2 = intra-articular adhesions, labral tear

incomplete data set groups) responded to the injection while 9
patients (2 from the complete data set and 7 patients from the
incomplete data set groups) did not benefit from the injection.

The 9 patients who had continued symptoms were investi-
gated further with MRI or MR arthrography. Four out of these
9 patients underwent repeat arthroscopic surgery with intra-
operative findings of intra-articular adhesions with labral
retear in 2 patients, intra-articular adhesions in 1 patient and
psoas impingement, capsulitis in the other patient. The MRI
examination findings in the other 5 out of 9 patients included
focal degenerative changes, greater trochanteric bursitis, fray-
ing of labrum, and no cause was identified in 1 patient’s MRI
to explain the symptoms.

There were no reported complications related to the injec-
tion in our study group.

Main findings of MRI done after the injection
3 = progressive degenerative changes*

4 = greater trochanteric bursitis

5 = labral fraying, early osteoarthrosis

6 = focal degenerative changes

7 = post-operative changes, no specific cause identified to
explain symptoms™

*3 — booked for total hip arthroplasty

*7 — booked for diagnostic arthroscopy

Discussion

The pathophysiology of post-hip arthroscopy adhesions has
not been studied in great detail. While the topics of post-
surgical intra-articular hip adhesions and extra-articular im-
pingement have received some attention and have been de-
scribed previously with relevant imaging, we found limited
references for extra-articular hip adhesions in the English lit-
erature. Extra-articular adhesions cause distortion and capsu-
lar thickening, most commonly, anteriorly involving the deep
aspect of psoas or rectus femoris or posterolaterally tethering
the gluteus minimus or medius muscles [4]. There are no in
depth or detailed imaging references regarding this topic to the
best of our knowledge. In our study group, the ultrasound
findings of extra-articular adhesions in one patient who did

@ Springer
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not respond to the injection were confirmed on a subsequent
MRI following the injection and intraoperatively at the second
arthroscopic surgery, confirming the presence of this entity.

The post-hip arthroscopy extra-articular adhesions result in
tightening of the capsule with associated pain and resultant
reduced range of movement. From the limited available pre-
vious literature, corticosteroid injections have been shown to
be effective in providing significant short-term pain relief and
restoration of mobility in patients with adhesive capsulitis of
the glenohumeral joint, related to underlying chronic inflam-
mation and fibrosis [9]. Corticosteroids provide symptomatic
relief from reduction of pain as a result of inhibiting inflam-
mation and prostaglandin formation. As deep fascia and ten-
don sheaths are both made up of fibrous connective tissue, we
hypothesised that the effects would be analogous to steroid
injection results in patients with adhesive capsulitis.
Symptomatic hip adhesions recalcitrant to physiotherapy are
traditionally treated with surgical option, usually by arthro-
scopic release of adhesions using a radiofrequency probe
and shaver [5, 6]. The pressure injection at the area of adhe-
sions between the hip joint capsule and overlying flexor ten-
don sheath serves to release the adhesions similar to
adhesiolysis at surgery.

We have explored a novel alternative ultrasound-guided
intervention which can be utilised in place of the traditional
surgical treatment in treating extra-articular hip adhesions.
This minimally invasive percutaneous procedure is safe, tech-
nically easier, and can be performed as an outpatient proce-
dure with a short recovery time. In this pilot study, our results
using the validated assessment scoring system demonstrated
the effectiveness of the procedure in improving patient’s pain
and function in the short-term.

The limitations to pilot study include a small sample of
patients exclusively treated at one institution, lack of a control
group in whom no treatment was offered, lack of a direct
comparison with alternate treatment options including phys-
iotherapy or repeat surgery, and short follow-up period of
6 months. MR and ultrasound imaging correlation of pre-
and post-procedure extra-articular adhesions would be helpful
in further understanding the role of extra-articular adhesions in
symptomatic patients. In our opinion, a future research study
into the role of extra-articular adhesions incorporating a more
robust methodology, detailed statistical analysis, longer
follow-up period, and comparison outcomes with other mo-
dalities of treatment will greatly benefit these patients, based
on our experience with this pilot project using this novel
approach.

@ Springer

Conclusions

In our pilot study, we explored the use of ultrasound-guided
pressure injection followed by steroid instillation as a safe and
clinically effective percutaneous, minimally invasive treat-
ment for release of extra-articular adhesions along the anterior
portal tract in arthroscopically treated patients for
femoroacetabular impingement. In our opinion, this novel,
minimally invasive technique can be potentially utilised to
release extra-articular adhesions along scope portals at other
peripheral joints amenable to ultrasound guidance.
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