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Clinical Outcome of Arthroscopic Repair for Subscapularis
Tendon Tear
by

KIKUGAWA Kazuhiko, OKUHIRA Nobuyoshi
Department of Orthopaedic Surgery, Mazda Hospital

Few studies have been evaluated the arthroscopical repair for subscapularis tendon tear. The purpose of this study was to
evaluate the clinical outcome of arthroscopic repair for subscapularis tendon tear. We treated 137 rotator cuff repair from 2003
to 2007. Among them, 15 shoulders with subscapularis tendon tear were treated by arthroscopic repair, 12 shoulders were
assesed. The cases were 8 males and 4 females, with an averaged age of 62 years old. The mean follow-up period was 16 months.
Three cases were subscapularis tendon tear only, 6 cases were concomitamt supraspinatous tear, and 3 cases were
concomitamt supraspinatous and infraspinatous tears. 10 cases were repaired using suture anchors and 2 cases were repaired
using side to side stiches. The clinical evaluation was performed using the JOA score, lift-off test and berry-press test. The
range of motion and muscle strength were evaluated by Cybex. The average postoperative JOA score increased from 52 points
to 91 points significantly. The clinical results were excellent in 6 cases, good in 3, fair in 2, poor in 1. Preoperatively, the lift-off
test was positive in 8 shoulders and the berry-press test was positive in 11 shoulders. Postoperatively, the lift-off test was
positive in 1 shoulder and the berry-press test was positive in 1 shoulder. The clinical outcome of arthroscopic repair for
subscapularis tendon tear was satisfactory.

Key words : J§ ¥ T #i % (subscapularis tear), MARETZE (rotator cuff tear), #E#l T F4T (arthroscopic surgery)
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Clinical Outcome of Arthroscopic Decompression
and G-T Plasty for Impingement Syndrome after Fracture
of the Humeral Greater Tuberosity

by

KIKUGAWA Kazuhiko, OKUHIRA Nobuyoshi
Department of Orthopaedic Surgery, Mazda Hospital

We assessed the clinical outcome of arthroscopic decompression and G-T plasty for impingement syndrome after fracture of the
humeral greater tuberosity. 5 cases of impingement syndrome after fracture of the humeral greater tuberosity were treated
since 2003. The cases were 3 male and 2 female, with an averaged age of 47 years old. The mean follow up period was 14
months. The duration from trauma to surgery ranged from 8 to 25 months. 3 shoulders were fracture of the humeral greater
tuberosity alone and two shoulders were 3 part fractures. Preoperatively, impingement tests (Neer,Hawkins Ellman) were
positive in all cases. All cases were treated by arthroscopic subacromial decompression and 2 shoulders were associated with
removal of exostosis of the great tuberosity. The clinical evaluation was performed using the JOA score, impingement sign and
range of motion. The average postoperative JOA score increased from 62 points to 87 points significantly. The clinical results
were excellent in 2 cases, good in 2, fair in 1. The average score of pain improved from 15.1 points to 26.8 points. Postoperatively,
impingement tests (Neer,Hawkins, Ellman) were negative in all cases. Arthroscopic decompression and G-T plasty for
impingement syndrome after fracture of the humeral greater tuberosity can provide good pain relief and improve the functional
results.

Key words : Fi#i B4 (great tuberosity fracture), 4 > ¥ > ¥ 4 >~ b fEfE# (impingement syndrome)
$148 T 47 (arthroscopic surgery)
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Potential risks of femoral tunnel drilling via the far anteromedial portal
— A cadaveric study —

Mitsuhiro Nakamura, M.D.*, Masataka Deie, M.D.”, Hayatoshi Shibuya, M.D.",
Atsuo Nakamae, M.D.*, Nobuo Adachi, M.D.*, Hirohiko Aoyama, Ph.D.**, and Mitsuo Ochi, M.D.*

*Department of Orthopaedic Surgery, Graduate School of Biomedical Sciences, Hiroshima University,
Hiroshima, Japan

**Department of Anatomy and Developmental Biology, Graduate School of Biomedical Sciences,
Hiroshima University, Hiroshima, Japan

Purpose: The purpose of this study was to estimate the potential risks of damage to the common
peroneal nerve and the articular cartilage of the lateral femoral chondyle when drilling femoral tunnels
via the far anteromedial portal in double bundle anterior cruciate ligament (ACL) reconstruction using
cadaveric knees. Methods: 10 cadaveric knees were used. We drilled the anteromedial bundle (AMB)
and posterolateral bundle (PLB) via the far anteromedial portal at three different knee flexion angles: 70°,
90°, and 110°. We measured the shortest distance to the common peroneal nerve and the posterior
articular cartilage of the lateral femoral condyle and the length of the femoral tunnel. Results: At 70°,
the distance to the nerve was less than 10mm in seven AMB cases and in nine PLB cases, and the
distance to the cartilage was less than 10 mm in all the AMB and PLB cases. At 90°, the distance to the
nerve was less than 10mm in one AMB and five PLBs, and the distance to the cartilage was less than10
mm in two AMBs and all the PLLBs. On the other hand, at 110°, the distance to the nerve was greater than
10mm in all the AMBs and PLBs, and the distance to the cartilage did not exceed 10 mm in just two of the
PLBs. Conclusions: In our cadaveric study, we found that the low knee flexion angles when drilling
femoral tunnels via the far anteromedial portal might have the potential risks of damage to the common
peroneal nerve and the posterior articular cartilage, and the risks of damage to the nerve and the
cartilage would be decreased at higher degrees of knee flexion. However, we found there was 20 % risk of
damage to the cartilage while drilling the PLB at 110°. Clinical Relevance: High knee flexion angles
are recommended to avoid damage to the nerve and the cartilage when drilling femoral tunnels via the far
anteromedial portal in double-bundle ACL reconstruction. Level of evidence: Il Key Words: Far
anteromedial portal —Femoral tunnel —Double-bundle ACL reconstruction —Nerve damage — Cartilage

damage —Cadaveric knee
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INTRODUCTION
The anterior cruciate ligament (ACL) consists of
two major bundles having different functions: the
anteromedial bundle (AMB) and posterolateral
bundle (PLB), so named for both tibial and femoral
positions.!? When the knee is extended, the PLB
is tight and the AMB is moderately loose. As the
knee is flexed, the AMB tightens and the PLB
loosens. In ACL reconstruction, single-bundle
procedures have been commonly performed to
eliminate instability and restore function, and good
to excellent clinical results have been reported.i?
Cadaveric studies have shown that single-bundle
ACL reconstruction is mostly successful in restoring
anteroposterior knee stability, but it is insufficient
in controlling combined rotator loads of internal
tibial torque and valgus torque.® Yagi et al.

reported that anatomic double-bundle ACL
reconstruction restores knee kinematics more
closely to normal than does single-bundle ACL
reconstruction.” These biomechanical studies
have shown that double-bundle ACL reconstruction
has potential advantages in restoring normal ACL
function. Therefore anatomic ACL reconstruction
has attracted attention, and the double-bundle ACL
reconstruction procedures have been developed to
improve the previously described weak points of the
single-bundle procedures.s 14

In double-bundle ACL reconstruction, it is very
important to place the tunnels exactly within the
femoral and tibial attachments of the AMB and
PLB, to reproduce the anatomical ACL. In order to
achieve proper tunnel position, various methods of
tunnel drilling have been suggested including
transtibial, wvia the standard and accessory
anteromedial portals.1316 Recently, Shino et al.
demonstrated that the far anteromedial portal
makes it possible to gain access to the original
femoral ACL footprint located at posterior margin
of the lateral wall of the notch when drilling a
femoral tunnel in ACL reconstruction.!?

These days, some studies have estimated the risks
of damage to the lateral femoral condyle or the
surrounding structures when drilling femoral



tunnels via the medial portals in double-bundle
ACL reconstruction.!20  However, no reports have
demonstrated any nerve or cartilage damage, and
we have focused on the potential risks of damage to
the common peroneal nerve and the posterior
articular cartilage of the lateral femoral chondyle.
The purpose of this study was to estimate the
potential risks of damage to the common peroneal
nerve and the posterior articular cartilage of the
lateral femoral chondyle when drilling femoral
tunnels wvia the far anteromedial portal in
double-bundle ACL reconstruction using cadaveric
knees. Our hypothesis was that the risk of injury to
the common peroneal nerve and posterior articular
cartilage would be decreased at higher degrees of
knee flexion.

METHODS

Ten cadaveric knees were used, consisting of 5
cadavers (2 males and 3 females) embalmed and
fixed with formalin, ethanol, isopropanol, phenol,
and glycerin, excluding malalignment of legs with
the varus deformity or flexion contracture of the
knee. The average age of the subjects at the time of
death, was 72.6 years (range: 66 to 80 years). The
subjects” mean height was 161.6 cm. We
performed the arthrotomy of the knee joint by
cutting the quadriceps tendon and turning around
the patella. We exposed the AMB and PLB of the
ACL and identified the anatomical femoral
attachments of the AMB and PLB after removing
the ACL. We removed the vastus lateralis and the
iliotibial band and exposed the biceps femoris
attached to the fibula head on the lateral side of the
knee. The common peroneal nerve located deep in
the biceps femoris and the posterior articular
cartilage of the lateral femoral condyle were
exposed.

Next, we replaced the exfoliated subcutaneous
tissue, the quadriceps tendon, and the patella in the
anatomical position, and the far anteromedial
portal was established 2cm medial to the standard
anteromedial portal and just above the medial
meniscus at a knee flexion angle of 90° (Fig. 1).17

Figure 1.

The far anteromedial portal was established 2em medial to
the standard anteromedial portal and just above the medial
meniscus at a knee flexion angle of 90°.

We took care to maintain the anatomical position
as much as possible by clamping the replaced

quadriceps tendon to the proximal muscle and
suturing the subcutaneous tissue to the medial
edges of the patella and the patella tendon when
the portal was placed. We then set the passing pin
in the center of the anatomical femoral attachments
of the AMB and PLB of the ACL via the far
anteromedial portal while visualizing it through
open arthrotomy (Fig 2A, B), replaced the
quadriceps tendon and the patella, and drilled the
pin at three different knee flexion angles: 70°, 90°
and 110° whilst keeping the anatomical position of
the extensor structures.

Figure 2.

(A, B) The passing pin was drilled to the center of the
anatomical femoral attachments of AMB and PLB of the
ACL via the far anteromedial portal. The pin was drilled at
three different knee flexion angles: 70° 90°, and 110",

We identified the point where the pin passed
through the lateral cortex of the lateral femoral
condyle as the femoral tunnel exit point. The
shortest distance from the femoral tunnel exit point
to the common peroneal nerve and the posterior
articular cartilage was measured by using a rule to
evaluate the potential risks of damage to the nerve
and the cartilage (Fig 3). Next, we pulled back and
placed the tip of the pin exactly at the femoral
tunnel exit point of the lateral femoral condyle,
having marked the entry point on the pin. The
distance from the tip to the markedpoint was
measured by using a rule to give us the length of
the femoral tunnel.

Statistical analysis was performed using the
Mann-Whitney U test to evaluate these
measurements at three different knee flexion
angles. A P value of less than 0.05 was considered to
be statistically significant.

Common

perone alnerve®




Figure 3.

We identified the point where the pin passed through the
lateral cortex of the lateral femoral condyle as the femoral
tunnel exit point. The shortest distance from the femoral
tunnel exit point to the common peroneal nerve and the
posterior articular cartilage was measured.

RESULTS
Results from the measurements of 10 cadaveric
knees (5 cadavers) when drilling the AMB and PLB
at three different knee flexion angles are shown
(Table 1).

Table 1 Messurements when drilling AME und FLB
AMB measurements SDPCH (mm) SDPAC () LFT {mm)
Kivee fexion angle Hinee fletion angle Knee Sexion angle
Subjpects Ape Sex Side 70 S L0 T R ur w0t ue
1 M M E 3 11 2 Im uW » IO 4
L 10 18 28 5 15 B m B 4@
2z 6 M R 10 1B 0 & 12 2 B ¥ 4
L 18 M 18 6 1w 20 2 =N ®
3 B r R 7 o 18 & 4 25 n =% »
L 12 B 25 T 15 n % 3B 0
4 ™ F E 1 2 2 1 12 2 » 2 9
L 15 18 25 o 10 18 ® N =\
5 & F R W 1B 3 5 1 3 3 W0
L 0 15 25 5 u » o B ¥
PLB messurements SDPCN (mm) SDPAC (mm) LFT (mum)
2 o e flexice sugle L
Subjects Age Sex Sde T X0 UC oK ue o T
1 ™ M R 6 1w =2 -2 5 15 % 28 4
L ¢ 15 o 4 4 N % »
2 6 M R 5§ 12 1213 -1 5 7 = L
L L] 15 n - I 18 » » a
3 0 r R 3 w 2 o 7 0 % B #
L Q & 15 o B 20 B wm
4 T F R 10 15 X 2 7T w W W O=;
L 12 15 0 3 & b % ¥ T
5 6 F R E W ¥ 0 4 5 % 8 B
L &8 10 2 o & 18 = m M

EDPCN : shortest distance 1o comumon peronsal nerve
SDPAC: chartest distance 1o postencr artiocular cartilage
LFT: length of femoral tunmsl

The meanshortest distances to the common
peroneal nerve when drilling the AMB were 10.5
mm (range; 7 to 15, SDi+ 2.3) at a knee flexion
angle of 70°, 16.0 mm (range; 10 to 20, SD;+ 3.0) at
90°, and 23.6 mm (range; 18 to 30, SD;+ 4.0) at 110°.
The mean shortest distances when drilling the PLB
were 6.3 mm (range; 0 to 12, SDi+ 3.4) at 70°, 11.8
mm (range: 6 to 15, SD+ 3.1)at 90°, and 22.7 mm
(range; 15 to 35, SD;+ 6.1)at 110° Statistically
significant differences were observed among three
different knee angles when drilling the AMB and
PLB (Fig. 4A).

The mean shortest distances to the posterior
articular cartilage of the lateral femoral condyle
when drilling the AMB indicated 5.1 mm (range; 0
to 10 mm, SDi+ 2.8) at a knee flexion angle of 70°,
13.0 mm (range; 10 to 15, SD+ 1.9) at 90°, and 23.0
mm (range; 18 to 30, SD+ 3.9) at 110°. The
meanshortest distances when drilling the PLB

indicated —0.8 mm (range: —3 to 0, SD+ 1.1) at a
knee flexion angle of 70°, 5.6 mm (range; 4 to 8, SD+
1.4) at 90°, and 16.6 mm (range; 10 to 25, SD + 4.6)
at 110° Statistically significant differences were
observed among three different knee angles when
drilling the AMB and PLB (Fig. 4B). Our
measurements show that the mean lengths of
femoral tunnel when drilling the AMB were 28.3
mm (range; 22 to 35, SD+ 3.2) at a knee flexion
angle of 70°, 33.2 mm (range; 26 to 40, SD+ 3.8) at
90°, and 40.4 mm (range; 35 to 47, SD+ 3.9) at 110°.
The mean lengths of femoral tunnel when drilling
the PLB were 27.3 mm (range; 25 to 33, SD+ 3.1)
at 70° 31.9 mm (range; 28 to 39, SD+ 4.4) at 90°,
and 39.3 mm (range; 34 to 47, SD+ 3.7) at 110°.
Statistically significant differences were observed
among three different knee angles when drilling the
AMB and PLB (Fig. 4C).
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Figure 4.

(A, B, C) The shortest distance from the femoral tunnel exit
point to the common peroneal nerve and the posterior
articular cartilage, and the lengths of the femoral tunnel
were measured when drilling AMB and PLB at three
different knee flexion angles: 70° 90°, and 110°. The meanof
them was shown. Statistical analysis was performed using
the Mann-Whitney U test. *P values indicate that statistical
significant differences were observed.

At a knee flexion angle of 70° the shortest
distance to the common peroneal nerve did not
exceed 10mm in seven cases (70 %) when drilling
the AMB and in nine cases (90 %) when drilling the
PLB, including one case (10 %) in which the passing
pin directly hit the nerve. The shortest distance to
the posterior articular cartilage was less than 10
mm in all the AMB (100 %) and PLB cases (100 %),
including one AMB (10 %) and all the PLBs (100 %)
in which the pin directly passed and broke the
cartilage. At 90°, the shortest distance to the nerve
was less thanl0mm in one AMB (10 %) and five
PLBs (50 %), and the shortest distance to the
cartilage was less than 10 mm in two AMBs (20 %)
and all the PLBs (100 %). On the other hand, at
110°, the shortest distance to the nerve was greater
than 10mm in all the AMBs (100 %) and PLBs
(100 %), and the shortest distance to the cartilage
did not exceed 10 mm in just two of the PLBs
(20 %).

The lemgths of femoral tunnel were less than 25
mm in one AMB (10 %) and in four PLBs (40 %) at
70°. However, the lengths were greater than 25 mm
in all the AMBs (100 %) and PLBs (100 %) at 90°
and 110°.

DISCUSSION
Recently, some studies to estimate the risks of
damage to the lateral femoral condyle or the
surrounding structures when drilling femoral
tunnels via the medial portals in double-bundle
ACL reconstruction were reported.!820 Even if the
femoral tunnel placements were correct, the
improper portal placements or knee flexion angles
when drilling the AMB and PLB have the potential
risks to cause iatrogenic damage to the normal
structures around the lateral femoral condyle.
Zantop et al. reported that a high accessory medial
portal placement for drilling of the femoral PLB
tunnel at low knee flexion angles may be associated
with damage to the subchondral bone plate of the
lateral femoral chondyle. They recommended
drilling of the femoral PLB tunnel through a low
accessory medial portal in high knee flexion in

double bundle ACL reconstruction.!® Basdekis et al.

noted that the femoral tunnels drilled through the
anteromedial portal at a knee flexion angle of 90°
were at risk of blowing out of the posterior wall of
the lateral femoral chondyle.’ Neven et al.
reported that the PLB tunnel can be created safely
in double-bundle ACL reconstruction when
performed through a low anteromedial portal in
high knee flexion.2? Although nerve and cartilage
damage are more serious problems, but previous

studies were not discussed from the viewpoint of
them. The common peroneal nerve runs near the
posterior aspect of the lateral femoral chondyle, and
damage to the nerve causes severe dysfunction of
the lower leg. Furthermore, damage to the articular
cartilage of the lateral femoral -chondyle
accelerates the progression of future osteoarthritic
changes. Therefore, we focused on the potential
risks of damage to the nerve and the cartilage in
this study.

From our measurements of this cadaveric study,
we found that the low knee flexion angles when
drilling femoral tunnels via the far anteromedial
portal might have the potential risks of damage to
the common peroneal nerve and the posterior
articular cartilage, and the risks of damage to the
nerve and the cartilage would be decreased at
higher degrees of knee flexion. However, we found
there was 20 % risk of damage to the cartilage
while drilling the PLB at 110°. Furthermore, the
lengths of the femoral tunnel did not exceed 25 mm
in one AMB (10 %) and in four PLBs (40 %) at a
knee flexion angle of 70°.

In the clinical situation, we can not see exactly
where the passing pin is exiting the lateral femoral
condyle from inside the joint and how far the pin
exit point from the common peroneal nerve and the
posterior articular cartilage when drilling the AMB
and PLB via the far anteromedial portal in
double-bundle ACL reconstruction. We can only
image them and avoid damage to the nerve and
cartilage from the direction of the pin, the positions
of the surrounding structures of the lateral femoral
condyle, or the knee flexion angles. Concernig the
length of the femoral tunnel, a short tunnel may
limit the fixation options (such as Endobutton CL:
Smith & Nephew Endoscopy, Andover, MA) on the
femoral side.

Therefore, we think that informations from our
cadaveric findings about the potential risks of
femoral tunnel drilling and the lengths of the
femoral tunnel via the far anteromedial portal may
be useful for surgeons in double-bundle ACL
reconstruction.

However, our study had some limitations. First, we
use embalmed and fixed cadaveric knees. The
conditions of the surrounding structures of the knee
joint were different from the natural knee, so our
findings are not directly applicable to -clinical
conditions. Second, the number of subjects was
insufficient, since we used only 5 cadavers. Third,
the removal or incision of soft tissue restraints such
as the quadriceps tendon, the vastus lateralis, the
iliotibial band and the biceps femoris might have
influenced our results because of the altered
position of the portal placement, the nerve running
pattern, or the knee joint alignment when drilling
femoral tunnels, being different from the original
anatomical conditions.

CONCLUSIONS
In our cadaveric study, we found that the low knee
flexion angles when drilling femoral tunnels via the
far anteromedial portal might have the potential



risks of damage to the common peroneal nerve and
the posterior articular cartilage, and the risks of
damage to the nerve and the cartilage would be
decreased at higher degrees of knee flexion.
However, we found there was 20 % risk of damage
to the cartilage while drilling the PLB at 110°.
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