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ABSTRACT

Introduction: The histological structure of ligaments, including the anterior cruciate ligament involves collagen and
elastin wrapped by a matrix of water and proteoglycans. Collagen is the main component of tendons and ligaments—it
represents 65-75% of their dry weight. The aim of this study was to carry out a histopathological evaluation of the frag-
ments of broken anterior cruciate ligaments taken at the moment of arthroscopy.

Materials and Methods: Prospective observational study conducted in 50 cases with rupture of the anterior cruciate
ligament. We took samples from it during arthroscopy and carried out the histopathological evaluation of the ligament.
Results: We outline histopathological results and postoperative outcomes.

Conclusion: There where histopathological degenerative changes; it cannot be said whether these changes were previous
or posterior to the ligament rupture.
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ESTUDIO HISTOPATOLOGICO EN ROTURA AGUDA DEL LIGAMENTO CRUZADO ANTERIOR DE RODILLA

RESUMEN

Introduccién: La estructura histoldgica de los ligamentos, inclusive el ligamento cruzado anterior, estd compuesta por
coldgeno y elastina envueltos en una matriz de agua y proteoglicanos. El coldgeno es el componente principal de los
tendones y ligamentos, representa el 65-75% de su peso en seco. El objetivo de este estudio es realizar una evaluacién
histopatoldgica de los fragmentos de ligamento cruzado anterior rotos, tomados en el momento de la cirugia artroscépica.
Materiales y Métodos: Estudio prospectivo observacional sobre 50 casos con rotura de ligamento cruzado anterior. Se
tomaron muestras de ligamento cruzado anterior en el procedimiento artroscépico y se evalué la histopatologia del liga-
mento.

Resultados: Se mencionan los resultados de la anatomia patolégica y la evolucién posoperatoria.

Conclusion: Se observaron cambios degenerativos en la histopatologia; no puede demostrarse si estos cambios son ante-
riores o posteriores a la rotura ligamentaria.
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Introduction

The anterior cruciate ligament (ACL) is an important
structure which keeps the knee stable.'* Its rupture is
more frequent in sport people and, therefore, it affects
healthy persons who want to keep an active lifestyle.>'°In
the US nowadays there are more than 200,000 injuries of
this kind per year.!!

Females are fourfold more prone to ACL injury than
males.'? There are several predisposing factors: hormone
variations in women,'*'* proprioceptive deficits, anatomic
variants such an excessive tibial slope '®!7 or narrow inter-
condylar notch," and mutations in collagen genes which
cause abnormal articular laxity.'®

Due to the frequency and potential seriousness related to
these lesions, it is necessary to get thoroughly acquainted
with ACL histolopathology, realizing when it is injured.

The histological structure of ligaments, including the
ACL, involves collagen and elastin fibres wrapped by a
matrix of water and proteoglycans. Collagen is the main
component of tendons and ligaments, representing 65-
75% of their dry weight. Collagen fibres are 150-250
nm in diameter, looping themselves to form a complex
web.”1? Several of such fibres get together to form subfas-
cicular units, each one surrounded by a thin band of lax
connective tissue—the endotenon.

Danylchuk et a.,' using scanning electron microscopy,
verified a more complex structure where the straight col-
lagen bundles are formed by a “ complex of interweaved
fibrils”.

Electronic microscope studies have showed that, be-
tween the proximal, middle and distal thirds of the ACL
there are differences with respect to the distribution of the
collagen fibrils, as well as their diameter.”*

The aim of this study is to make a histopathological
evaluation of the fragments of broken ACLs taken at the
time of carrying out arthroscopy.

Materials and Methods

This is a prospective, observational study of a series
of cases. Between 2014 and 2016 we evaluated 50 pa-
tients with medical and MRI diagnosis of complete ACL
rupture. All of them were operated on using the same ar-
throscopic technique.

Forty-two of them were male, and eight were females,
averaging 30.94 years old (ranging from 17 to 46). Thirty-
one lesions affected patients’ left legs and 19, patients’
right legs. No patient had history of ligament rupture.

The ACL sample that was made to analyze by the histo-
pathology department was got during the surgery.

We took two fragments right from both ends of the rup-
tured ACL. The samples sent for analysis were fixed in
10%-formaldehyde and, then, stained using haematoxylin
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and eosin for ulterior evaluation.

The inclusion criteria were: 1) isolated injury of the
ACL, 2) MRI preoperative diagnosis, 3) >16 and < 50
years of age and 4) closed ruptures.

The exclusion criteria were: 1) previous knee surgery,
2) multi-ligament injury, 3) immature skeleton, 4) previ-
ous local or systemic therapy which might have weakened
the ligament (for example, local infiltration with anaes-
thetic or steroid agents in the knee region, immunosup-
pressive treatment in transplanted patients, autoimmune
diseases, etc.). We registered associated meniscal injuries
in every patient, their location (medial or lateral) and the
treatment administered in every case (meniscectomy or
meniscal repair).

Results

All the patients had suffered complete rupture of the
ACL. Average time between traumatism and surgical in-
tervention was 42.5 days (ranging from 20 to 180).

Histopathology analysis showed: fibrous connective
tissue (42% of the patients), fatty tissue (4%), hyaline
changes in collagen (46%), collagen degenerative chang-
es (defined as the loss of febrile structure, which makes
collagen homogeneous and hyaline) (36%) (Figure 1),
congested blood vessels (10%), new formation of capil-
lary vessels (3%), lymphoid infiltration (80%) (Figure 2),
hemosiderin deposition (18%), foci of calcification and
laminar bone tissue making up part of the ligament attach-
ment area (6%) (Figure 3).

Forty-seven patients (94%) did satisfactorily (with no
pain and resumption of previous activities, and MRI ACL
osseointegration) and three (6%) developed arthrofibrosis.

Discussion

The ACL has a complex structure. Its organization and
biological features are directly related to its function.”
Due to its complex morphology, patients find it difficult
to recover from its complete rupture.?

The arthroscopic reconstruction of the ACL is a surgery
acknowledged worldwide.!"? Parry et al.?* reported that
adults’ tendons and ligaments have a bimodal distribu-
tion of collagen fibres, which are considerable wide in
diameter and represent a great percentage of the tendon
on transverse section. Collagen’s crossed fibres account
for collagen’s high resistance to traction.’

The fibres of the injured ACL show intrinsic potential
for healing due to blood supply given by synovial struc-
tures and the capability of fibroblasts to produce colla-
gen 42

Strocchi et al.® published that the bundles of collagen
are irregularly aligned and that their ultrastructural or-
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A Figure 1. Collagen degenerative changes, abundant collagen matrix and scarce fibroblast nucleus.

A Figure 2. Lymphoid infiltration in the ligament.

Fibrous Fatty Hyaline Collagen  Congested New Lymphoid Hemo-  Calcification
connective tissue changes degenerative  blood  formation infiltration siderin

tissue in changes vessels of blood deposition
collagen vessels

A Figure 3. Histopathology department report.
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ganization is varied and complex. They verified that, in
consecutive sections, most fascicles are orientated in dif-
ferent angles with respect to the long axis of the ligament,
whereas just few fascicles run in parallel fashion. All
these fascicles were studied while in rest position.

The mechanical properties of the connective tissues are
directly related to their structural integrity. The disorga-
nization and histopathological disorders of the collagen
fibres can lead to the decrease of mechanical resistance
and, thus, increase the likelihood of ligament rupture.?

Bayat et al.?! studied the collagen fibres at the level of
the deepest region of the ACL and fibrocartilage some-
where near the ACL bone attachment. In an observational
study of the ACL ultrastructure, apart from finding fibro-

blasts in dense and spindle-like populations, and areas of
collagen organized in bundles, HoChen et al. verified the
presence of areas with wavy fibres and irregular disposi-
tion of collagen fibres with increase in the number of cells
and blood vessels.

Conclusion

In all ACL samples gathered for our study, there was
evidence of disordered collagen structure, fibrous tissue
and lymphoid infiltration. However, it could not be pin-
pointed whether these changes were previous or posterior
to the ligament rupture.

10.

12.

13.

14.

15.

16.

Rev Asoc Argent Ortop Traumatol 2018; 83 (1): 20-24.

Bibliography

. Azangwe G, Mathias KJ, Marshall D. Macro and microscopic examination of the ruptured surfaces of anterior cruciate ligaments
of rabbits. J Bone Joint Surg Br 2000;82(3):450-6.

. Miyasaka KC, Daniel DM, Stone ML, Hirshman P. The incidence of knee ligament injuries in the general population. Am J Knee
Surg 1991;4:3-8.

. Shino K, Oakes BW, Horibe S, Nakata K, Nakamura N. Collagen fibril populations in human anterior cruciate ligament allografts.
Electron microscopic analysis. Am J Sports Med 1995;23(2):203-8; discussion 209.

. Gao F, Zhou J, He C, Ding J, Lou Z, Xie Q, et al. A morphologic and quantitative study of mechanoreceptors in the remnant
stump of the human anterior cruciate ligament. Arthroscopy 2016;32(2):273-80.

. Butler DL, Guan Y, Kay MD, Cummings JF, Feder SM, Levy MS. Location-dependent variations in the material properties of the
anterior cruciate ligament. J Biomech 1992;25:511-8.

. Chandrashekar N, Mansouri H, Slauterbeck J, Hashemi J. Sex-based differences in the tensile properties of the human anterior
cruciate ligament. J Biomech 2006;39:2943-50.

. Suzuki D, Otsubo H, Watanabe T, Kamiya T, Nagoya S, Yamashita T, et al. Ultrastructure of the three anterior cruciate ligament
bundles. Clin Anat 2015;28(7):910-6.

. Strocchi R, Pasquale V, Gubellini P, Facchini A, Maracci M, Buda R, et al. The human anterior cruciate ligament: histological
and ultrastructural observations. J Anat 1992;180(Pt 3):515-9.

. Oka S, Schuhmacher P, Brehmer A, Traut A, Kirsch J, Siebold R. Histological analysis of the tibial anterior cruciate ligament
insertion. Knee Surg Sports Traumatol Arthrosc 2016;24(3):747-53.

Mall NA, Frank RM, Saltzman BM, Cole BJ, Bach BR. Results after anterior cruciate ligament reconstruction in patients older
than 40 years: how do they compare with younger patients? A systematic review and comparison with younger populations.
Sports Health 2016;8(2):177-81.

. Vaishya R, Kumar Agarwal A, Ingole S, Vijay V. Current trends in anterior cruciate ligament reconstruction: a review. Cureus
2015;7(11):e378.

Gwinn DE, Wilckens JH, McDevitt ER, Ross G, Kao TC. The relative incidence of anterior cruciate ligament injury in men and
women at the United States Naval Academy. Am J Sports Med 2000;28:98-102.

Chahla J, Arroquy D, Perez Herrera G, Orlowski B, Guifiazu J, Carboni M, et al. Lesién del ligamento cruzado anterior: ;es la
disminucién en la movilidad de la cadera un factor predisponente? Artroscopia 2014;21(4):121-3.

Uhorchak JM, Scoville CR, Williams GN, Arciero RA, St Pierre P, Taylor DC. Risk factors associated with noncontact injury of
the anterior cruciate ligament: a prospective four-year evaluation of 859 West Point cadets. Am J Sports Med 2003;31(6):831-42.

Eiling E, Bryant AL, Petersen W, Murphy A, Hohmann E. Effects of menstrual cycle hormone fluctuations on musculotendinous
stiffness and knee joint laxity. Knee Surg Sports Traumatol Arthrosc 2007;15(2):126-32.

Iwaki H, Pinskerova V, Freeman MA. Tibiofemoral movement 1: the shapes and relative movements of the femur and tibia in the
unloaded cadaver knee. J Bone Joint Surg Br 2000;82(8):1189-95.



17.

18.

. Danylchuck KD, Finaly JB, Krcek JP. Microstructural organization of human and bovine cruciate ligaments. Clin Orthop Relat
20.
21.
22.
23.

24.

25.

Ignacio R. Arzac Ulla and cols.

Meister K, Talley MC, Horodyski MB, Indelicato PA, Hartzel JS, Batts J. Caudal slope of the tibia and its relationship to noncontact
injuries to the ACL. Am J Knee Surg 1998;11(4):217-9.

Vaishya R, Hasija R. Joint hypermobility and anterior cruciate ligament injury. J Orthop Surg (Hong Kong) 2013;21:182-4.

Res 1978;131:294-8.

Ho Chen H, Lintner M, Luo Z. Observation of the ultrastructure of anterior cruciate ligament graft by atomic force microscopy.
Scanning 2009;31(1):19-23.

Bayat M, Mohammadzade F, Rakhshan M. Electron and light microscopic study of anterior cruciate ligament of rabbit. J Anat
Soc India 2003;52(2):155-8.

Dodds JA, Arnoczky SP. Anatomy of the anterior cruciate ligament: a blueprint for repair and reconstruction. Arthroscopy
1994;10(2):132-9.

Simokochi Y, Shultz S. Mechanisms of noncontact anterior cruciate ligament injury. J Athl Train 2008;43(4):396-408.

Parry DA, Barnes GR, Craig AS. A comparison of the size distribution of collagen fibrils in connective tissues as a function
of age and a possible relation between fibril size distribution and mechanical properties. Proc R Soc Lond B Biol Sci
1978;203(1152):305-21.

Haus BM, Mastrangelo AN, Murray MM. Effect of anterior cruciate healing on the uninjured ligament insertion site. J Orthop
Res 2012;30:86-94.

H ISSN 1852-7434 (online) * ISSN 1515-1786 (printed)




