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Who am I… : Surgeon & Researcher 

2000- Orthopaedic & Sports medicine surgeon @ Kobe Univ. 

2005- ACL surgery and research

2009-2012 Research @ Pittsburgh Univ.

Currently
• 100+/year – ACL-Rs
• 180 publications 
• 31 H-index

Dr Freddie Fu

Dr Kurosaka Dr Kuroda



Rugby
- Kobelco Kobe Steelers

Baseball
- Orix Buffaloes

Who am I… : Sports Physician
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American Football 2004~
• 2004-2006 College: Kyoto Sangyo Univ.

• 2004-2009 College: Kobe Univ. 

• 2004-2009 Amateur senior: Iwatani Sidewinders
• 2012 JAPAN National Team (U-19): 

The 2nd World Championship
• 2012-2017 College: Konan Univ.

• 2014-2015 College: Kobe Univ. 

• 2017- College: Kansai Univ.
•

Who am I… : Sports Physician



What I have done…

In vivo biplane X-ray Cadaver robot

In vivo EMS Cadaver EMS



All about ACL (anterior cruciate ligament)
1. What is the pivot-shift from clinical POV?
2. How can we evaluate the pivot-shift 

“objectively”?
3. Other measurements for ACL research
4. New topics about ACL

Agenda
Sports Biomechanics Research

as a Sports Medicine Surgeon/Researcher/Editor



Pivot-shift - Main symptom of the ACL injury






Femur

“ forward subluxation of the lateral tibia plateau on the femoral condyle in 
extension, and spontaneous reduction in flexion.” 

Galway RD, et al. J Bone Joint Surg Br 1972

LateralMedial
Medial Lateral

FlexionExtension Subluxation Reduction

What happens during the Pivot-shift??

Tibia



What keeps patients from RTS? 

Fear of re-injury and being relaxed about playing sport 
were the two most important nodes in the network models that describe 
the return to sport readiness.



Abnormal knee kinematics after the ACL injury

Flexion angle

I/E rotation 
moment

In terminal stance phase of the gait

 Flexion angle ↑ 

 Internal rotation moment ↓

“Pivot-shift avoidance gait”

Similar findings -
• Gao, B., Zheng, N.N., Clin. Biomech. 2010. 
• Hurd, W.J., Snyder-Mackler, L., J.Orthop. Res.2007. 



Abnormal knee kinematics even after the ACL 
reconstruction

At foot strike during 
downhill running
External rotation ↑ 

Adduction ↑ 

Similar findings -
• Papannagari R, et al. Am J Sports 

Med. 2006. 
• Ristanis S, et al. Arthroscopy. 2005



Abnormal knee rotation leads to knee OA

Prof. Andriacchi
in ACLSG 2012 @ Jackson Hole



Pivot-shift induces cartilage / meniscus damage

Prof. Bull
in Hong Kong 2023

Pivot-shift



1. Inability to return to sports 
– instability / fear / pain?

2. Long term knee osteoarthritis
– abnormal knee movement / additional injuries

What are the problems after the ACL injury?

Pivot-shift



The treatment – ACL reconstruciton






“ACL reconstruction is performed to
eliminate the pivot-shift.” 

Dr William Clancy @ Panther Summit 2011

The ultimate goal of the ACL treatment



- Galway et al 
Clin Orthop 1980

Clinical assessment of the pivot-shift
Pivot-shift test



Pivot-shift test is clinically important

- Kocher et al AJSM 2004, Leitze et al Clin Orthop 2005, 
Ayeni et al KSSTA 2012

- Jonsson H et al, Acta Orthop Scand 2004, Leitze Z 
et al, Clin Orthop 2005

More - Degenerative change

Pivot-shift test
positive

Less - Subjective knee function






Limitations of clinical pivot-shift test
《 IKDC form 》

･･･Negative

 Subjective + only 4 grade!!

Pivot-shift test

• Evaluating the magnitude of the pivot-shift

Positive



William Thomson, “the Lord Kelvin” (1824-1907)
- Pioneer of physics and thermodynamics -

How about “measurement” of the pivot-shift??

How big is this??



Pivot-shift measurement



Kanamori A, et al. Arthroscopy 2000

Coupled anterior tibial translation (mm)

- Combined rotatory loading (valgus + IR) makes the tibial anterior translation.

In vitro biomechanical research for the pivot-shift



Double bundle ACL reconstruction
- Anatomic ACL-



In vitro biomechanical study: DB vs SB

 Simulated pivot-shift 
by robotic system



E/I rotationAP translation

 Consistent wave in AP translation

1st in-vivo measurement of the pivot-shift
Electromagnetic sensor

（Flock of birds）



LIBERTY ( Polhemus,Vermont )

Transmitter Receivers

Electromagnetic sensor



Electromagnetic tracking device



Non-invasive application of the electromagnetic system

Transmitter

Brace with 
receiver

Stylus with 
receiver

Experimental set-up Coordinate system



Nagamune K, et al. ORS meeting 2005

PC workstation

Cadaver Sensors fixed with pins
（invasive）

Sensors on brace 

(non-invasive)

Pivot-shift test
Measurement accuracy

AP trans - 0.85mm

Varus/Valgus-0.62°

I/E rotation- 1.92°

Sensors

Validation of the electromagnetic system

Transmitter



Clinical measurements of the pivot-shift



Hoshino Y, et al. Am J Sport Med 2007

In vivo pivot-shift measurements vs manual test
ACL injured Intact

AP translation Acceleration

Measurements ∝ Manual grading

30 ACL injury cases

11 cases 16 cases 3 cases 11 cases 16 cases 3 cases



 ACL Injured With Lateral Menicsus tear vs without
Hoshino Y, et al. KSSTA 2019

 ACL Recon With lateral meniscus repair vs unrepair_
Hoshino Y, et al. KSSTA 2020

 ACL Recon Single vs Double Yagi M, et al. Clin Orthop 2007

 ACLRecon Anatomic Single vs Anatomic Double
Araki D, et al. Int Orthop 2011

 ACL injured with ALL injury vs without Miyaji N, et al. KSSTA 2019

 ACL recon with ALL injury vs without Hiroshima Y, et al. KSSTA 2020

 ACL injured with LCL sign vs without Hong CK, et al. KSSTA 2022

Clinical studies using pivot-shift measurement



Other types of pivot-shift measurement



Other pivot-shift measurement devices

Colombet P, et al. Clin Orthop. 
2007

Lopomo N, et al. KSSTA. 2012

Hoshino Y, et al. KSSTA. 2012

Hoshino Y, et al. KSSTA. 2012



1. Navigation – compartmental tibial translation

-Bedi et al KSSTA 2010

Navigation measurement 

 Lateral compartment translation – more sensitive 

Features of other pivot-shift measurements



2. Pivot-shift image analysis - affordable
Taking a movie 
during the test

Image analysis on PC

Hoshino Y, et al. KSSTA 2012

Features of other pivot-shift measurements



Measurement scheme for lateral tibial translation

Gerdy’s

Fibula head

Lat Epicondyle

Test end
Test start

Tibial AP translation

Image analysis evaluation of pivot-shift

Anterior subluxation Reduction



Excursion

XY plot

Image analysis evaluation of pivot-shift
Pictures from the movie data Tracing the three markers 



 Average translation - 3.61 ± 1.79mm

 Duration of the shift - 0.12 ± 0.05sec

Hoshino Y, et al. KSSTA 2012

Image analysis evaluation of pivot-shift

Results – 20 cases

 Average translation - 3.6 ± 1.8mm

 Duration of the shift - 0.1 ± 0.1sec



Taking a movie

Picture conversion 

Image analysis

Calculation

Time for manual

analysis time: 

1 hour / test

iPad: Few seconds

Image analysis evaluation using iPad



EMS Navigation KiRA iPad image 
analysis Image analysis

Invasiveness Non-invasive Invasive Non-invasive Non-invasive Non-invasive

Data analysis complicated complicated Easy complicated easy 

Accuracy Excellent Excellent Good Moderate moderate

Values
Ant. 

Translation & 
acceleration

Ant. 
Translation & 
acceleration

Acceleration Lateral Ant. 
Translation

Lateral Ant. 
Translation

Availability Limited Limited Possible Possible Possible

Price High High Middle iPad Cheap

Comparison of pivot-shift measurement systems



- Musahl V, Karlsson J. 2019

NEJM approved “the quantitative pivot-shift testing” 

IF = 84.5



Pivot-shift : translation or acceleration??

Relationship 

Knee kinematics
vs

Clinical gradings



Other laxity measurements for ACL research



Other “measurement devices” for the ACL studies



How often “measurement devices” are used?

91 studies 

• KT - 77 (85%) 
• Telos - 10 

• Rolimeter - 5

e.t.c.

Makhni EC, et al. J Bone Joint Surg Am 2015



Lachman test
“the classic” – KT measurement

KT-1000

AJSM 1985

•Anterior translation of the tibia

1st McIntosh (Apple Inc.) - 1984



 Sensitivity 85% / 

Specificity 94% for ACL-D
- Benjaminse et al, J Orthop Sports 

Phys Ther 2006

- Torg et al, AJSM 1972
Lachman test

- Daniel et al, JBJS Am 1985
 Instrumented measurement of anterior laxity (KT) 

No relation to subjective 
knee functions

- Snyder-Mackler et al, AJSM 1997, Kocher et al, AJSM 2004 

Clinical value of KT-measurement



Espregueira-Mendes et al  KSSTA 2012 Hemmerich et al  J Biomech 2009

Not established yet.

Branch et al  KSSTA 2010

Axial rotation against rotational torque
How about “rotational” laxity?



ALL再建? LET?ACL injury increases Tibial Internal rotation

 “Isolated” ACL deficient increased 
in internal rotation by 2º or less 
compared to the intact state



In vivo study

Difficult to detect ACL injury by applying simple axial 

rotational stress

 Individual variability
Mouton et al KSSTA 2012

Hemmerich et al J Biomech 2010 Lorbach et al KSSTA 2009 Branch et al KSSTA 2010 

The impact of the ACL on axial “rotation”



ALL再建? LET?Axial rotational laxity in ACL injured knees
How much of rotational laxity does “isolated” ACL injured knee have?

57 ACL “isolated” injured pts
(26 males/31 females)

without any meniscus tear

Internal rotationNo rotational stress

Electromagnetic measurement of 
axial rotation (deg) at 30/60/90°

 Increase of internal rotation
vs intact knee

at 30°3.4º±8.9

at 60°2.3º±8.6

at 90°0.8º±7.9

+10º more
13 cases

9 cases

8 cases

Neu

Neu IR

IR

Okimura K, et al TOSSM 2024



Latest topic about ACL



Anterolateral procedureAnterolateral Ligament movement: 2013~



• ALL for all ACLR
• Better than revision

AJSM 2022
• Cohort study; Level of evidence, 3
• ACLR(BTB) vs ACLR + ALLR
• 20.5% vs 8.9% (p< .01)

AJSM 2020
• Randomized controlled trial; Level of evidence, 1
• ACLR vs ACLR + LET 
• 11% vs 4% (p< .01)

ALL: Anterolateral ligament reconstruction

3 criteria for high-risk (>2 high risk)
(1) grade 2 pivot shift or greater, 
(2) a desire to return to high-risk/pivoting sports 
(3) generalized ligamentous laxity (GLL)

LET: Lateral extraarticular tenodesis
Modified Lamaire

LEAP (Lateral Extraarticular Procedure)



ALL再建? LET?LET indication in the report from Getgood et al.

Am J Sports Med. 2020 Feb;48(2):285-297.

Modified Lamaire

2+ of 3 criteria – “high-risk”

I. grade 2 pivot shift or greater 

II. a desire to return to high-risk / 

pivoting sports 

III. generalized ligamentous laxity 

(GLL)



ALL再建? LET?LET reduces Tibial Internal Rotation

Conclusion : LET increased restraint to IR of the tibia 
compared with the anterolateral tissue, particularly at 30, 
60, and 90 of flexion.



Anterolateral procedurePeroneus longs tendon autograft for ACL-R

Video J Sports Med. 2021 Jul 13;1(4):26350254211009888. doi: 
10.1177/26350254211009888. PMID: 40309384; PMCID: PMC11883406.

Cakar A, Kose O, Selcuk H, Egerci OF, Tasatan E, Dogruoz F. 
Complications of peroneus longus tendon harvesting: a retrospective 
review of 82 cases. Arch Orthop Trauma Surg. 2023 Nov;143(11):6675-
6684. 

The most common complication was hypoesthesia 
around the lateral side of the foot, although the ankle 
functions were not affected significantly.



Anterolateral procedurePLT autograft for other ligaments

Video J Sports Med. 2025 Aug 
28;5(4):26350254251347310. doi: 
10.1177/26350254251347310. PMID: 40895500; PMCID: 
PMC12394841.

Knee Surg Sports Traumatol Arthrosc. 
2025 Jun;33(6):2122-2135. doi: 
10.1002/ksa.12522. Epub 2024 Oct 30. 
PMID: 39474848; PMCID: PMC12104778.



•Pivot-shift is a key because of high clinical value 
in ACL research.

•Quantitative evaluation should be established. 

Take home message for future sports biomechanists

“Objective” evaluation of 

“clinically relevant” parameter 

should be conducted.



Thank you for your attention.

2024
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