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Painful Palpation of the Tibial Insertion of
the Anterolateral Ligament Is Concordant
With Acute Anterolateral Ligament Injury

Jérdme Murgier,* MD, Pierre Thomas,™ MD, Nicolas Reina,” MD, PhD, Rémi Sylvie,” MD,
Emilie Bérard,® MD, PhD, and Etienne Cavaignac, ™ MD, PhD

Investigation performed at Pierre Paul Riquet Hospital, Orthopedic Department, Toulouse, France

Background: The anterolateral ligament (ALL) has been shown to contribute to the rotational stability of the knee. However, no
clinical sign specific to ALL injury has been described.

Purpose/Hypothesis: The primary aim of this study was to determine the concordance between pain elicited upon ALL palpation
and ALL injury diagnosed by ultrasonography (US). The secondary aim was to look for a relationship between ALL injury and high-
grade pivot shift. We hypothesized that an ALL lesion can be diagnosed clinically in an acute knee injury by palpating its tibial
insertion.

Study Design: Cohort study (diagnosis); Level of evidence, 2.

Methods: A total of 130 patients (89 men, 41 women; mean age, 27.2 £ 8.3 years) with an acute, isolated anterior cruciate ligament
injury who were scheduled for ligament reconstruction were enrolled in this study. ALL palpation was carried out a mean 8.8 + 3.2
days after injury. Preoperatively, ALL integrity was evaluated with US, and the pivot shift was determined under general anesthesia.
The agreement between pain upon ALL palpation and ALL injury detected on US was determined by calculating the intraclass
correlation coefficient (ICC), along with 95% Cls.

Results: Distal palpation of the ALL tibial insertion elicited pain in 67 (51.5%) patients, and upon US the ALL was found to be
damaged in 64 (49.2%) patients. The agreement between pain over the ALL tibial insertion and the ALL being damaged on US was
excellent (ICC, 0.801; 95% CI, 0.730-0.855). Moreover, the clinical test had excellent sensitivity (92%; 95% ClI, 88%-97%) and
specificity (88%; 95% Cl, 82%-93%). The agreement between pain at the ALL distal insertion and the pivot shift was good (ICC,
0.654; 95% Cl, 0.543-0.742), and ALL palpation had excellent diagnostic accuracy for identifying rotational instability (sensitivity,
88% [95% ClI, 82%-93%]; specificity, 97% [95% CI, 94%-100%]).

Conclusion: Palpation of the ALL tibial insertion highly correlates with ultrasonographic evidence of an ALL injury in the context of
an acute knee injury. This simple test should become part of our standard examination when evaluating patients with acute knee
injuries.
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There has been renewed interest in the contribution of the
anterolateral ligament (ALL) to knee stability.3? However,
diagnosing ALL injuries has been challenging because no
clinical sign specific to ALL injuries has been described.*°

The relationship between ALL injury and anterolateral
instability has been highlighted.? A significant relationship
between ALL injury and a high-grade pivot shift was also
reported in a pilot study.? However, the pivot shift is a
multidimensional test evaluating overall rotational insta-
bility, not only instability attributed to ALL injury.%3°
Thus, the pivot shift is not specific to ALL injury.
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Some authors believe that ALL injury is an indication for
lateral tenodesis or ALL reconstruction.**® In this context
of “a la carte” surgical treatment, it seems essential to
define a clinical test specific to ALL injury that will allow
these injuries to be diagnosed accurately.

ALL injury always occurs at the tibial insertion,”!
which is located halfway between the Gerdy tubercle and
the fibular head.® This area is superficial, immediately sub-
cutaneous, and easy to palpate. ALL injuries are often
accompanied by a bone injury, with the presence of a hema-
toma.®*2% Thus, it is likely that palpation of such an injury
would elicit pain, especially when acute.

Ultrasonography (US), which has been shown to be a
reliable modality for diagnosing ALL injuries,®>*'* espe-
cially small bone injuries such as an ultrasonographic
Segond lesion,’ can serve as a diagnostic reference tool.
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Furthermore, the in vivo relationship between ALL
injury and the presence of a high-grade pivot shift has been
reported in a small pilot study.® This finding needs to be
confirmed in a large-scale study.

We hypothesized that an acute ALL lesion can be diag-
nosed clinically by palpating its tibial insertion in the con-
text of an acute knee injury. The primary aim of this study
was to determine the agreement between pain elicited upon
ALL palpation and ALL injury diagnosed by US. The sec-
ondary aims were to quantify the relationship between clin-
ical ALL injury (in palpation) and rotational instability and
confirm the relationship between ALL injury on US and
rotational instability.

METHODS

This prospective, single-center, observational study was
approved by our hospital’s institutional review board.

Patient Population and Clinical Examination

During the inclusion period, we treated 2080 patients with
acute knee trauma for 320 anterior cruciate ligament (ACL)
ruptures documented by magnetic resonance imaging
(MRI). After signing an informed consent form for partici-
pation in the study, 130 consecutive patients (89 men, 41
women) were enrolled over a 1-year period (May 2018 to
May 2019). The inclusion criteria were patients between
18 and 50 years with a documented isolated ACL tear (by
MRI) scheduled for arthroscopic reconstruction as well as a
complete clinical evaluation of the tibial insertion of the
ALL within 2 weeks of the injury event. Patients with chon-
dral or meniscal tear (medial or lateral) were included.
Cases with a contralateral knee injury, other ligament
tears, previous surgeries on the same knee, concurrent vas-
cular or nerve damage, or systemic disease were excluded.
The patients’ demographic and anthropometric data were
collected: sex, age, height, weight, and body mass index
(BMI). Active tobacco use, sports activity at the time of
injury, and preinjury Tegner score were recorded.

All patients underwent a full clinical examination of
their injured knee. The medial and lateral collateral liga-
ments and the posterior cruciate ligament were evaluated
meticulously, because the presence of other ligamentous
tears was an exclusion criterion. ACL integrity was
evaluated via the Lachman test, anterior drawer test, and
pivot-shift test. We also checked for any nerve or vascular
damage (exclusion criteria).
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Figure 1. Manual palpation of the anterolateral ligament tibial
insertion with the patient’s knee slightly flexed. FH, fibular
head; GT, Gerdy tubercle.

Endpoints

During the proposed clinical test, the patient was supine
with the knee slightly bent to make bony landmarks more
prominent. The ALL tibial insertion was identified at the
midpoint between the Gerdy tubercle and the fibular head
on the anterolateral aspect of the tibial plateau. The exam-
iner then palpated the ALL tibial insertion (Figure 1). The
test was graded as positive if this palpation elicited pain. To
standardize the test once the manual palpation had been
completed, the palpation was repeated with an algometer
(Force Ten FDX digital force gauge; Wagner Instruments)
to ensure the palpation pressure was the same for each
patient. The ALL tibial insertion was palpated with the
algometer on both knees and compared (Figure 2). The
same pressure of 4 kg/cm? was used on both knees and was
less than 4.8 kg/cm?, which is the pain-eliciting threshold in
a healthy population for a noninjured area.!” The test was
positive if palpation of the injured knee elicited pain but
palpation of the contralateral knee did not. This helped to
standardize the palpation test by removing measurement
bias related to the examiner.

Rotational stability was evaluated on the day of the
arthroscopy procedure with the patient under general
anesthesia prior to the incision being made. The pivot shift

|[Address correspondence to Etienne Cavaignac, MD, PhD, Department of Orthopedic Surgery, Hopital Pierre Paul Riquet, CHU Toulouse, Rue Jean

Dausset, 3105 Toulouse, France (email: cavaignac.etienne@gmail.com).

*Aguiléra Private Clinic, Ramsey Santé, Orthopedic Department, Biarritz, France.
TDepartment of Orthopedic Surgery, Hopital Pierre Paul Riquet, CHU Toulouse, Rue Jean Dausset, Toulouse, France.

*3PS Research, Toulouse, France.

SDepartment of Epidemiology, Health Economics and Public Health, UMR1027 INSERM-University of Toulouse Ill, Toulouse University Hospital,

Toulouse, France.
Final revision submitted February 19, 2020; accepted March 4, 2020.

One or more of the authors has declared the following potential conflict of interest or source of funding: E.C. is an educational consultant for Arthrex.
AOSSM checks author disclosures against the Open Payments Database (OPD). AOSSM has not conducted an independent investigation on the OPD and

disclaims any liability or responsibility relating thereto.

Ethical approval for this study was obtained from the Centre Hospitalier Universitaire de Toulouse (No. 2019-02).


mailto:cavaignac.etienne@gmail.com

The Orthopaedic Journal of Sports Medicine

Figure 2. Anterolateral ligament palpation was repeated
using a digital force gauge to standardize the pressure
applied to the patient’s knee.

was graded as 0 (absent), I (glide), II (jerk), or III (sublux-
ation).2® Since a secondary purpose of this study was to find
a relationship between high-grade pivot shift and ALL
injury, we classified the pivot-shift grades as either nega-
tive (grades 0 and I) or positive (grades II and III).2°

Ultrasonographic evaluation (Synergy MSK; Arthrex) of
the ALL was performed the day of the arthroscopy proce-
dure with the patient under anesthesia, according to a pre-
viously validated protocol.>*” The ALL was considered
injured if it was not continuous over its entire length or if
it was avulsed from its tibial insertion (true Segond frac-
ture or ultrasonographic Segond lesion®”). Dynamic testing
in internal rotation was conducted to improve the ability to
check ligament continuity.?

The first clinical assessment involving ALL palpation
was carried out by a senior surgeon (P.T.) specialized in
musculoskeletal injuries. The pivot-shift test and the US
were performed in the operating suite by a second senior
surgeon (E.C.) with a specialty in ACL reconstruction who
was well-versed in musculoskeletal US. The second exam-
iner did not know the findings of the ALL palpation, and the
patient was anesthetized before this assessment, making
assessment independent.

Statistical Analysis

Prior to the study, in order to assess the agreement between
ALL palpation and US-identified ALL injury, we deter-
mined that 130 patients?® were needed to show an intra-
class correlation coefficient (ICC) significantly higher or
equal to 90% with a width of the 95% CI of 5% (thus, ICC,
92.5%; 95% CI, 90%-95%).

To ensure the 2 groups (yes/no pain over ALL distal inser-
tion) were comparable, the following patient-specific vari-
ables were assessed: BMI, tobacco use, age at surgery,
time between injury and palpation, preinjury Tegner score,
and meniscal lesions found during arthroscopy. These vari-
ables were compared between the 2 groups by use of the
chi-square test (or Fisher exact test when necessary) for cat-
egorical variables. The Student ¢ test was used to compare
the distribution of continuous data (the Mann-Whitney test
was used when the distribution departed significantly from
normality or when homoscedasticity was rejected). All

ALL Tibial Insertion and ALL Injury 3

reported P values were 2-sided, and the significance thresh-
old was set at less than .05. To determine the agreement
between pain elicited upon ALL palpation and ALL injury
diagnosed by US, we assessed the ICC (with the associated
95% CI). To be more precise in the nature of the agreement,
we also assessed sensitivity and specificity of the pain eli-
cited upon ALL palpation using ALL injury diagnosed by US
as reference. The same analysis was performed to quantify
the relationship between clinical ALL injury (in palpation)
and rotational instability (using the pivot-shift negative
[grades 0 and I] or positive [grades II and III] grades as
reference). To confirm the relationship between ALL injury
on US and rotational instability (pivot-shift negative [grades
0 and I] or positive [grades II and III]), ICC (with the asso-
ciated 95% CI) was assessed. Statistical analysis was per-
formed via Stata (Version 14.2; Stata Corp).

RESULTS
Pain Upon ALL Palpation

At the time of ACL reconstruction, the patients had a
median age of 26 years (interquartile range [IQR], 21-31
years) and a BMI of 23.4 kg/m? (IQR, 21.3-25.6 kg/m?), and
21.1% were smokers. The right knee was injured in 61
(46.9%) patients and the left in 69 (563.1%). The median time
between the knee injury and ALL palpation was 8.8 days
(IQR, 6-11 days). The mean time between palpation and
surgery was 28.6 days. The median preinjury Tegner score
was 7 (IQR, 6-9).

Palpation of the ALL distal insertion elicited pain in
67 patients (51.5%). None of the patients had pain upon
palpation of the contralateral ALL. The results were the
same whether the palpation was done manually or with
the algometer. The demographics did not differ between the
patients who had pain and those who did not except for their
age, which was significantly higher by 3 years in the pain
group (Table 1). This difference could be considered too small
to be clinically relevant in the age group of the study popula-
tion. Also, the 2 groups did not differ in the Lachman test
(positive in all patients) and the anterior drawer test
(positive in 94% of the patients in both groups; P = .3791).

Palpation and Ultrasonography Agreement

The ALL appeared injured on US in 64 patients (49.2%). Of
these, 31 patients had a US-diagnosed Segond fracture and
33 patients had a discontinuity. Agreement between pain
upon palpation of the ALL distal insertion and findings of
ALL damage on US was excellent (ICC, 0.801; 95% CI,
0.730-0.855). The diagnostic accuracy of pain upon ALL
palpation to identify an ALL injury was excellent, as the
sensitivity and specificity were significantly higher than
80% (Table 2).

Palpation and Pivot-Shift Agreement

A high-grade pivot shift was found in 58 cases (44.6%).
The distribution of the pivot-shift grades between the
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TABLE 1
Demographics and Injury Characteristics for Both Groups
With and Without Pain Elicited Upon Anterolateral
Ligament Palpation®

Pain Over Distal ALL Insertion

No (n = 63; Yes (n = 67,
48.5%) 51.5%) P
Sex, n (%) .4802
Male 45 (71.4) 44 (65.7)
Female 18 (28.6) 23 (34.3)
Body mass index, kg/m?
Mean + SD 23.9+3.8 23.6 £2.9 19059
Median [IQR] 23.3 [21.1-25.7] 23.4 [22.0-25.3]
Smoker, n (%) 3212
No 52 (82.5) 49 (75.4)
Yes 11 (17.5) 16 (24.6)
Age at surgery, y
Mean + SD 28.7+8.4 25.8 £8.0 .0414
Median [IQR] 27.0 [23.0-32.0] 24.0 [19.0-31.0]

Time from injury
to palpation, d

Mean * SD 8.4+3.2 9.2+3.2 .1455
Median [IQR] 8.0 [6.0-10.0] 9.0 [6.0-12.0]
Time from injury to
ultrasonography, d
Mean = SD 36.4+3.2 38.4+3.2 .6140
Median [IQR] 32 [24-43.5] 33 [23.5-43.5]
Tegner score, preinjury
Mean + SD 7.3+1.8 7.7+21 4794
Median [IQR] 7.0 [6.0-9.0] 7.0 [6.0-10.0]
Meniscal lesion, n (%) 7238
No lesion 44 (69.8) 46 (68.7)
Medial lesion 10 (15.9) 11 (16.4)
Lateral lesion 9(14.3) 8(11.9)
Medial + lateral lesion 0(0.0) 2(3.0)

“ALL, anterolateral ligament; IQR, interquartile range.

TABLE 2
Diagnostic Accuracy of Pain Upon ALL Palpation for
Identifying an ALL Injury Found on Ultrasonography

% 95% CI, %
Sensitivity 92.19 87.57-96.80
Specificity 87.88 82.27-93.49
Positive predictive value 88.06 82.49-93.63
Negative predictive value 92.06 87.42-96.71
Prevalence 49.23 40.64-57.82

Accuracy (TP+TN)/(TP+TN+FP+FN) 90.00 83.51-94.57

“ALL, anterolateral ligament; FN, false negative; FP, false pos-
itive; TN, true negative; TP, true positive.

yes/no ALL pain groups differed (Table 3). There were sig-
nificantly more high-grade pivot-shift tests in the groups
that had ALL damage on US and pain upon ALL palpation
(P < .0001) than in the other groups (Table 3).

The agreement between pain upon palpation of the ALL
distal insertion and the pivot shift was good (ICC, 0.654;
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95% CI, 0.543-0.742). Moreover, ALL palpation had good
discriminative ability for identifying rotational instability
(Table 4).

Finally, agreement between the pivot-shift test and the
US findings was excellent (ICC, 0.850; 95% CI, 0.794-
0.891), and the pivot-shift test had excellent discriminative
ability for identifying ALL damage on US (Table 5).

DISCUSSION

Our hypothesis was confirmed: Pain on clinical palpation of
the ALL tibial insertion correlates with ultrasonographic
findings of an ALL injury. The good diagnostic accuracy
of ALL palpation (Table 2) means it is a suitable clinical
test, especially because its high sensitivity is suggestive of
an ALL injury when the palpation elicits pain. This is the
first time a clinical sign specific to ALL injury has been
described (specificity, 88%) (Table 1). Up to now, no specific
clinical sign of ALL injury had been described.*°

When selecting our patient population, we carefully
excluded any patients with associated collateral ligament
injury, as this may have caused false-positive results
because of pain triggered on the lateral aspect of the knee.
Furthermore, we found no lesions of the anterior portion of
the lateral meniscus, which could also have been a con-
founding factor. The distribution of the meniscal lesions did
not differ between the group that had pain upon ALL pal-
pation and the group that did not.

We chose to enroll only patients who had a recent knee
injury. We believed it was not relevant to look for this clin-
ical sign in patients with a chronic knee injury. When the
knee injury is acute, the lesion at the ALL tibial enthesis is
accompanied by a hematoma, which is why palpation of this
area elicits pain.*” In a chronic injury, this hematoma has
resorbed; thus, ALL palpation is no longer relevant. As
such, our ALL palpation test can be used only in the acute
context.

Since the ALL contributes to rotational stability, some
authors believe that an injury to this structure is an indi-
cation for lateral tenodesis. The clinical outcomes of this
strategy are very encouraging??; in fact, a reduced risk of
retears has been reported without an increase in the mor-
bidity related to this supplemental procedure.!!43:44:46
Similarly, adding lateral tenodesis appear to be have a pro-
tective effect on the knee overall stability,'*?® including
meniscal structures.*’*2 This effect was also found in
patients with chronic tears.?! However, we do not know
exactly the fate of the ALL after injury and, notably, its
healing potential. This issue will need to be clarified in the
future, as it will influence our strategy. This simple ALL
palpation test can be used to plan surgical treatment dur-
ing the initial consultation and to inform the patient of the
treatment plan right away. Patient information is an essen-
tial element of the success of this type of surgery.’? ALL
palpation is now a part of our routine clinical examination
for patients with a recent knee injury.

The pivot-shift test provides a good view of knee rota-
tional stability.'®33 However, the concept of knee rotational
stability is multifactorial. %2845 One of the secondary goals
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TABLE 3
Pivot-Shift Test Grades Grouped by Whether Pain Was Elicited Upon ALL Palpation
and Whether ALL Damage Was Seen on Ultrasonography”

Pain Upon ALL Palpation

ALL Damage on Ultrasonography

No (n = 63; 48.5%) Yes (n = 67; 51.5%) P Value No (n = 66; 50.8%) Yes (n = 64; 49.2%) P Value
Pivot-shift grade <.0001 <.0001
0 1(1.6) 0(0.0) 1(1.5) 0(0.0)
I 55 (87.3) 16 (23.9) 63 (95.5) 8 (12.5)
I 7(11.1) 45 (67.2) 2(3.0) 50 (78.1)
111 0(0.0) 6 (9.0) 0(0.0) 6(9.4)
Pivot shift <.0001 <.0001
Negative (0/1) 56 (88.9) 16 (23.9) 64 (97.0) 8 (12.5)
Positive (II/III) 7(11.1) 51 (76.1) 2(3.0) 56 (87.5)

“Data are reported as n (%). ALL, anterolateral ligament.

TABLE 4
Diagnostic Accuracy of Pain Upon Palpation of the ALL

Distal Insertion for Identifying Rotational Instability
(Grade II or III Pivot Shift)*

% 95% CI, %
Sensitivity 87.93 82.33-93.53
Specificity 77.78 70.63-84.92
Positive predictive value 76.12 68.79-83.45
Negative predictive value 88.89 83.49-94.29
Prevalence 44.62 36.07-53.16

Accuracy (TP+TN)/(TP+TN+FP+FN) 82.31 74.65-88.44

“A positive pivot shift was defined as grades II/IIT and a nega-
tive pivot shift was defined as grades 0/I. ALL, anterolateral liga-
ment; FN;, false negative; FP, false positive; TN, true negative; TP,
true positive.

TABLE 5
Diagnostic Accuracy of the Pivot-Shift Test for Identifying
an ALL Injury Found on Ultrasonography®

% 95% CI, %
Sensitivity 87.50 81.81-93.19
Specificity 96.97 94.02-99.92
Positive predictive value 96.55 93.42-99.69
Negative predictive value 88.89 83.49-94.29
Prevalence 49.23 40.64-57.82

Accuracy (TP+TN)/(TP+TN+FP+FN) 92.31 86.31-96.25

“ A positive pivot shift was defined as grades II/III and a nega-
tive pivot shift was defined as grades 0/I. ALL, anterolateral liga-
ment; FN, false negative; FP, false positive; TN, true negative; TP,
true positive.

was to analyze the in vivo link between painful palpation
and a high-grade pivot shift. The agreement between a
painful palpation of the ALL and high-grade pivot shift was
good (ICC, 0.654; 95% CI, 0.543-0.742), but the agreement
between ALL palpation and US findings was better (ICC,
0.801; 95% CI, 0.730-0.855), which is related to the multi-
factorial nature of rotational instability (not solely related
to an ALL injury). Consequently, even if other potential

causes of rotational instability were excluded from the
study (such as peripheral ligament tears), we could not
conclude that all high-grade pivot shifts are due to an ALL
tear. Nevertheless, we advise surgeons to assess the ALL
when a patient has a high-grade pivot shift. Based on this
study, palpation of the ALL tibial insertion is an appropri-
ate tool for this purpose.

In a 30-patient pilot study conducted by our team,® we
found a correlation between high-grade pivot shift and ALL
injury. This relationship was confirmed in the current
study, as there was excellent agreement (ICC, 0.850; 95%
CI, 0.794-0.891) between high-grade pivot shift and ALL
injury in this 130-patient cohort.

To assess the plausibility of our results, we looked at the
published prevalence of ALL injuries. However, it was dif-
ficult to compare the prevalence of ALL injuries between
studies,! as the modalities and criteria differed between
studies. Nevertheless, the ALL injury prevalence in our
study fell within the broad range reported in other pub-
lished studies (Table 6). Palpation is an examination that
is simple and easy to interpret. We believe that incorporat-
ing palpation of the ALL tibial insertion in the clinical
examination protocol will make interstudy comparisons
more reliable in the future. The methods that we used were
robust and our findings are plausible in the context of the
current knowledge. However, our indications to perform an
ALL reconstruction were based upon the US assessment of
ALL integrity and not the physical examination. That could
be another study to carry out in the future.

Limitations

The agreement between pain being elicited upon ALL pal-
pation and the US findings of ALL injury was not perfect.
Pain is a subjective sensation?®; certain patients may not
feel pain upon ALL palpation even though the structure
is injured. We used a standardized method to limit the
impact of different pain sensitivity thresholds between
individuals.'”

Likewise, although US is an appropriate tool for the diag-
nosis of ALL injury, its sensitivity is not 100%. False-
positive and false-negative results are inevitable; however,



6 Murgier et al

TABLE 6
Prevalence of ALL Injuries in Various Published Studies®
Time
Since Prevalence,
Study N Identification  Injury %
Ferretti (2019)6 30 MRI <10d 88
Marshall (2018)*° 50 MRI NA 28
Helito (2017)*2 88 MRI <3 wk 33
Helito (2017)% 167 MRI <3 wk 23
Devitt (2017)* 58 MRI NA 21
Kosy (2017)%6 277 MRI <6 wk 11
Van Dyck (2016)*" 90 MRI <8 wk 42
Hartigan (2016)'° 72 MRI <3 wk 63
Musahl (2016)3* 41 MRI <2 wk 51
Song (2016)3° 193 MRI NA 39
Song (2016)37 90 MRI <3 wk 40
Wodicka (2014)*° 50 MRI NA 44
Claes (2014)® 206 MRI NA 60
Monaco (2019)%! 26 Surgical <10d 96
exploration
Ferretti (2017)° 60 Surgical <7d 90
exploration
Faruch Bilfeld 30 Ultrasonography <3 mo 63
(2018)**
Yoshida (2017)%° 28 Ultrasonography <4 mo 32
Current study 130 Ultrasonography <2 wk 49

“ALL, anterolateral ligament; MRI, magnetic resonance imag-
ing; NA, not available.

the agreement was excellent.2” Moreover, results of this

study are valid if clinical examination is performed within
2 weeks of injury only, since this was the study design
(<2 weeks).

We did not determine the reproducibility of our palpation
test. Intrarater reliability could be negatively affected by
the disappearance of the hematoma, resulting in less pain
as time passes since the injury. As for interrater reliability,
we used a validated protocol with an algometer to standard-
ize our test. A single examiner assessed tenderness and
conducted pivot-shift and US identification of the ALL
(we did not evaluate inter- and intrarater reliability for
these criteria).

Finally, it is unknown whether the ALL will heal without
additional surgery. Although we can detect injury, we can-
not state the need for ALL surgery. Further studies are
required to clarify this point.

CONCLUSION

Palpation of the ALL tibial insertion highly correlates with
ultrasonographic evidence of an ALL injury in the context
of an acute knee injury. This simple test should be included
in every assessment of acute knee injuries.

REFERENCES

1. Andrade R, Rebelo-Marques A, Bastos R, et al. Identification of nor-
mal and injured anterolateral ligaments of the knee: a systematic

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

The Orthopaedic Journal of Sports Medicine

review of magnetic resonance imaging studies. Arthroscopy. 2019;
35(5):1594-1613.

. Cavaignac E. Editorial commentary: looking outside the box with

ultrasound in an anterior cruciate ligament-deficient knee: welcome
to surgery 2.0. Arthroscopy. 2018;34(7):2177-2178.

. Cavaignac E, Faruch M, Wytrykowski K, et al. Ultrasonographic eval-

uation of anterolateral ligament injuries: correlation with magnetic res-
onance imaging and pivot-shift testing. Arthroscopy. 2017;33(7):
1384-1390.

. Cavaignac E, Laumond G, Reina N, et al. How to test the anterolateral

ligament with ultrasound. Arthrosc Tech. 2018;7(1):e29-e31.

. Cavaignac E, Saithna A, Monaco E, et al. Is treatment of Segond

fracture necessary with combined anterior cruciate ligament recon-
struction? Letter to the editor. Am J Sports Med. 2018;46(5):
NP13-NP14.

. Cavaignac E, Wytrykowski K, Murgier J, Reina N, Chiron P, Faruch M.

Regarding “Editorial commentary: ultrasound barely beats magnetic
resonance imaging in knee anterolateral ligament evaluation ... but
does this change the treatment of the anterior cruciate ligament-
deficient knee?” Arthroscopy. 2017;33(11):1918-1919.

. Cavaignac E, Wytrykowski K, Reina N, Pailhé R, Murgier J, Faruch M.

Ultrasonographic identification of the anterolateral ligament of the
knee. Arthroscopy. 2016;32(1):120-126.

. Claes S, Bartholomeeusen S, Bellemans J. High prevalence of ante-

rolateral ligament abnormalities in magnetic resonance images of
anterior cruciate ligament-injured knees. Acta Orthop Belg. 2014;
80(1):45-49.

. Claes S, Vereecke E, Maes M, Victor J, Verdonk P, Bellemans J.

Anatomy of the anterolateral ligament of the knee. J Anat. 2013;
223(4):321-328.

Courtot L, Ferre F, Reina N, et al. Patient participation during anterior
cruciate ligament reconstruction improves comprehension, satisfac-
tion, and functional outcomes: a simple way to improve our practices.
Orthop J Sports Med. 2019;7(4):2325967119841089.

Devitt BM, Bell SW, Ardern CL, et al. The role of lateral extra-articular
tenodesis in primary anterior cruciate ligament reconstruction: a sys-
tematic review with meta-analysis and best-evidence synthesis.
Orthop J Sports Med. 2017;5(10):2325967117731767.

Devitt BM, Bouguennec N, Barfod KW, Porter T, Webster KE, Feller
JA. Combined anterior cruciate ligament reconstruction and lateral
extra-articular tenodesis does not result in an increased rate of oste-
oarthritis: a systematic review and best evidence synthesis. Knee
Surg Sports Traumatol Arthrosc. 2017;25(4):1149-1160.

Devitt BM, O’Sullivan R, Feller JA, et al. MRI is not reliable in diag-
nosing of concomitant anterolateral ligament and anterior cruciate
ligament injuries of the knee. Knee Surg Sports Traumatol Arthrosc.
2017;25(4):1345-1351.

Faruch Bilfeld M, Cavaignac E, Wytrykowski K, et al. Anterolateral
ligament injuries in knees with an anterior cruciate ligament tear: con-
tribution of ultrasonography and MRI. Eur Radiol. 2018;28(1):58-65.
Ferretti A, Monaco E, Fabbri M, Maestri B, De Carli A. Prevalence and
classification of injuries of anterolateral complex in acute anterior
cruciate ligament tears. Arthroscopy. 2017;33(1):147-154.

Ferretti A, Monaco E, Redler A, et al. High prevalence of anterolateral
ligament abnormalities on MRI in knees with acute anterior cruciate
ligament injuries: a case-control series from the SANTI Study Group.
Orthop J Sports Med. 2019;7(6):2325967119852916.

Fransoo P. L’algometre de pression. Kinesitherapie, la revue. 2009;
95:44-47.

Galway HR, Maclintosh DL. The lateral pivot shift: a symptom and sign
of anterior cruciate ligament insufficiency. Clin Orthop Relat Res.
1980;147:45-50.

Hartigan DE, Carroll KW, Kosarek FJ, Piasecki DP, Fleischli JF,
D’Alessandro DF. Visibility of anterolateral ligament tears in anterior
cruciate ligament-deficient knees with standard 1.5-Tesla magnetic
resonance imaging. Arthroscopy. 2016;32(10):2061-2065.

Hefti F, Muller W, Jakob RP, Staubli HU. Evaluation of knee ligament
injuries with the IKDC form. Knee Surg Sports Traumatol Arthrosc.
1993;1(3-4):226-234.



The Orthopaedic Journal of Sports Medicine

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

Helito CP, Camargo DB, Sobrado MF, et al. Combined reconstruction
of the anterolateral ligament in chronic ACL injuries leads to better
clinical outcomes than isolated ACL reconstruction. Knee Surg Sports
Traumatol Arthrosc. 2018;26(12):3652-3659.

Helito CP, Helito PVP, Costa HP, Demange MK, Bordalo-Rodrigues
M. Assessment of the anterolateral ligament of the knee by magnetic
resonance imaging in acute injuries of the anterior cruciate ligament.
Arthroscopy. 2017;33(1):140-146.

Helito CP, Helito PVP, Ledo RV, Demange MK, Bordalo-Rodrigues M.
Anterolateral ligament abnormalities are associated with peripheral
ligament and osseous injuries in acute ruptures of the anterior cruci-
ate ligament. Knee Surg Sports Traumatol Arthrosc. 2017;25(4):
1140-1148.

Hewison CE, Tran MN, Kaniki N, Remtulla A, Bryant D, Getgood AM.
Lateral extra-articular tenodesis reduces rotational laxity when com-
bined with anterior cruciate ligament reconstruction: a systematic
review of the literature. Arthroscopy. 2015;31(10):2022-2034.

Klos B, Scholtes M, Konijnenberg S. High prevalence of all complex
Segond avulsion using ultrasound imaging. Knee Surg Sports Trau-
matol Arthrosc. 2017;25(4):1331-1338.

Kosy JD, Schranz PJ, Patel A, Anaspure R, Mandalia VI. The magnetic
resonance imaging appearance of the anterolateral ligament of the
knee in association with anterior cruciate rupture. Skeletal Radiol.
2017;46(9):1193-1200.

Landis JR, Koch GG. The measurement of observer agreement for
categorical data. Biometrics. 1977;33(1):159-174.

Machin D, Campbell MJ, Julious SA, Tan SB, Tan SH. Sample Size
Tables for Clinical Studies. Accessed September 3, 2019. https://
www.bookdepository.com/Sample-Size-Tables-for-Clinical-Studies-
David-Machin/9781405146500

Marshall T, Oak SR, Subhas N, Polster J, Winalski C, Spindler KP. Can
the anterolateral ligament be reliably identified in anterior cruciate
ligament-intact and anterior cruciate ligament-injured knees on 3-T
magnetic resonance imaging? Orthop J Sports Med. 2018;6(9):
2325967118796452.

Monaco E, Ferretti A, Labianca L, et al. Navigated knee kinematics
after cutting of the ACL and its secondary restraint. Knee Surg Sports
Traumatol Arthrosc. 2012;20(5):870-877.

Monaco E, Helito C, Redler A, et al. Correlation between magnetic
resonance imaging and surgical exploration of the anterolateral struc-
tures of the acute anterior cruciate ligament-injured knee. Am J
Sports Med. 2019;47:1186-1193.

Murgier J, Devitt BM, Sevre J, Feller JA, Cavaignac E. The origin of the
knee anterolateral ligament discovery: a translation of Segond’s orig-
inal work with commentary. Arthroscopy. 2019;35(2):684-690.
Musahl V, Kopf S, Rabuck S, et al. Rotatory knee laxity tests and the
pivot shift as tools for ACL treatment algorithm. Knee Surg Sports
Traumatol Arthrosc. 2012;20(4):793-800.

Musahl V, Rahnemai-Azar AA, Costello J, et al. The influence of
meniscal and anterolateral capsular injury on knee laxity in patients
with anterior cruciate ligament injuries. Am J Sports Med. 2016;
44(12):3126-3131.

Parsons EM, Gee AO, Spiekerman C, Cavanagh PR. The biomechan-
ical function of the anterolateral ligament of the knee. Am J Sports
Med. 2015;43(3):669-674.

Rossi MJ. Editorial commentary: addressing the anterolateral side of
an anterior cruciate ligament-deficient knee: the controversy is get-
ting even more interesting. Arthroscopy. 2016;32(10):2048-2049.

37.

38.

39.

40.

41

42.

43.

44,

45.

46.

47.

48.

49.

50.

ALL Tibial Insertion and ALL Injury 7

Song G, Zhang H, Wang Q, Zhang J, Li Y, Feng H. Risk factors asso-
ciated with grade 3 pivot shift after acute anterior cruciate ligament
injuries. Am J Sports Med. 2016;44(2):362-369.

Song G-Y, Hong L, Zhang H, Zhang J, Li Y, Feng H. Clinical outcomes
of combined lateral extra-articular tenodesis and intra-articular ante-
rior cruciate ligament reconstruction in addressing high-grade pivot-
shift phenomenon. Arthroscopy. 2016;32(5):898-905.

Song G-Y, Zhang H, Wang Q-Q, Zhang J, Li Y, Feng H. Bone contu-
sions after acute noncontact anterior cruciate ligament injury are
associated with knee joint laxity, concomitant meniscal lesions, and
anterolateral ligament abnormality. Arthroscopy. 2016;32(11):
2331-2341.

Sonnery-Cottet B, Daggett M, Fayard J-M, et al. Anterolateral liga-
ment expert group consensus paper on the management of internal
rotation and instability of the anterior cruciate ligament-deficient
knee. J Orthop Traumatol. 2017;18(2):91-106.

. Sonnery-Cottet B, Praz C, Rosenstiel N, et al. Epidemiological eval-

uation of meniscal ramp lesions in 3214 anterior cruciate ligament-
injured knees from the SANTI Study Group database: a risk factor
analysis and study of secondary meniscectomy rates following 769
ramp repairs. Am J Sports Med. 2018;46(13):3189-3197.
Sonnery-Cottet B, Saithna A, Blakeney WG, et al. Anterolateral liga-
ment reconstruction protects the repaired medial meniscus: a com-
parative study of 383 anterior cruciate ligament reconstructions from
the SANTI Study Group with a minimum follow-up of 2 years. Am J
Sports Med. 2018;46(8):1819-1826.

Sonnery-Cottet B, Saithna A, Cavalier M, et al. Anterolateral ligament
reconstruction is associated with significantly reduced ACL graft rup-
ture rates at a minimum follow-up of 2 years: a prospective compar-
ative study of 502 patients from the SANTI Study Group. Am J Sports
Med. 2017;45(7):1547-1557.

Sonnery-Cottet B, Thaunat M, Freychet B, Pupim BHB, Murphy CG,
Claes S. Outcome of a combined anterior cruciate ligament and ante-
rolateral ligament reconstruction technique with a minimum 2-year
follow-up. Am J Sports Med. 2015;43(7):1598-1605.

Tanaka M, Vyas D, Moloney G, Bedi A, Pearle AD, Musahl V. What
does it take to have a high-grade pivot shift? Knee Surg Sports Trau-
matol Arthrosc. 2012;20(4):737-742.

Thaunat M, Clowez G, Saithna A, et al. Reoperation rates after com-
bined anterior cruciate ligament and anterolateral ligament recon-
struction: a series of 548 patients from the SANTI Study Group with
a minimum follow-up of 2 years. Am J Sports Med. 2017;45(11):
2569-2577.

Van Dyck P, Clockaerts S, Vanhoenacker FM, et al. Anterolateral
ligament abnormalities in patients with acute anterior cruciate liga-
ment rupture are associated with lateral meniscal and osseous inju-
ries. Eur Radiol. 2016;26(10):3383-3391.

Williams AC de C, Craig KD. Updating the definition of pain. Pain.
2016;157(11):2420-2423.

Wodicka R, Jose J, Baraga MG, Kaplan LD, Lesniak BP. MRI
evaluation of the anterolateral ligament of the knee in the setting
of ACL Rupture. Orthop J Sports Med. 2014;2(2)(suppl):
2325967114S00042.

Yoshida M, Herbst E, Albers M, Musahl V, Fu FH, Onishi K. The
anterolateral complex in anterior cruciate ligament deficient knees
demonstrate sonographic abnormalities on high-resolution sonogra-
phy. Knee Surg Sports Traumatol Arthrosc. 2017;25(4):1024-1029.


https://www.bookdepository.com/Sample-Size-Tables-for-Clinical-Studies-David-Machin/9781405146500
https://www.bookdepository.com/Sample-Size-Tables-for-Clinical-Studies-David-Machin/9781405146500
https://www.bookdepository.com/Sample-Size-Tables-for-Clinical-Studies-David-Machin/9781405146500


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 266
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Average
  /ColorImageResolution 175
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50286
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 266
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Average
  /GrayImageResolution 175
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50286
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 900
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Average
  /MonoImageResolution 175
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50286
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox false
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (U.S. Web Coated \050SWOP\051 v2)
  /PDFXOutputConditionIdentifier (CGATS TR 001)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /CreateJDFFile false
  /Description <<
    /ENU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        9
        9
        9
        9
      ]
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 9
      /MarksWeight 0.125000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
  /SyntheticBoldness 1.000000
>> setdistillerparams
<<
  /HWResolution [288 288]
  /PageSize [612.000 792.000]
>> setpagedevice


