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Abstract
Anterior cruciate ligament (ACL) is one of the regularly reconstructed knee ligaments. Various types of grafts
are being used for ACL reconstruction. The Quadrupled hamstring tendon graft is now being most commonly
used because of its favorable biomechanical profile and positive clinical outcomes. The aim of this study is to
establish the correlation of graft length and diameter with anthropometric parameters in Nepalese people.
Methods: Fifty cases (31 males and 19 females) that underwent ACL reconstruction using quadruple hamstring
autograft between December 2014 and November 2015 were prospectively evaluated. Anthropometric
measurements including age, height, weight, BMI, tibial length, calf girth, thigh girth and waist circumference
were recorded pre-operatively. The graft was harvested and length and thickness were intra-operatively
determined using standard sizer. Pearson’s correlation coefficient was used to determine the relationship
between outcome variable (graft length n thickness) and predictor variables (anthropometric measurements).
Results: Mean age of the patients was 31.5. There was no statistically significant correlation between any of the
anthropometric measurement and graft length and thickness. Conclusion: Pre-operative anthropometric
measurements like age, height, weight, BMI, tibial length, calf girth, thigh girth and waist circumference cannot
accurately determine the length and thickness of quadruple hamstring tendon graft in ACL reconstruction.
Keywords: Anterior cruciate ligament, ACL, reconstruction, Quadruple hamstring, Anthropometric parameters.
1. Introduction
An anterior cruciate ligament (ACL) can result in the significant dysfunctional that is now one of the most
commonly reconstructed ligament of the knee1. There are various types of grafts which is being used for ACL
reconstruction e.g. Bone Patellar tendon Bone (BPTB), hamstring (Semitendinosus and Gracilis), Quadricep
tendon, Achilles tendon, fascia lata etc. These grafts may be allografts or autografts. Allograft facilities are not
available in our context because of ethical and storage problems. Synthetic grafts also are known as ligament
augmentation and repair system (LARS) are not available in our country and their usefulness is not completely
established till date.
Hence, autograft remains the only option that seems feasible and suitable for our context. Amongst all
available autografts, BPTB graft and hamstring grafts are popular. The most commonly used autologous graft is
Hamstring tendon graft because of its encouraging biomechanical characteristics and good clinical results2, 3.
The semitendinosus tendon either alone or accompanied by the gracilis tendon is used to make strong
hamstring autologus graft. In hamstring graft, primary hamstrings are left intact where as an accessory hamstring
is used, and the gracilis is in fact not a hamstring but an adductor.
Now it is widely accepted that four-strand hamstring autograft, the two tendons of semitendinosus and
gracilis are commonly combined, doubled up and entwined to form a quadrupled thickness strand for the
replacement autologous graft, is a successful option for ACL reconstruction. One of the major disadvantages of
quadrupled hamstring autologus graft (QHAG) is the possibility of stuck with a graft smaller in diameter and
length. Scott and Insall reported that the length of normal ACL is 38mm (24-41mm) and diameter ranges from 7
to 12 mm (mean 10mm) on an average4. It is widely accepted that about 70% if the footprint has to be occupied
by the reconstructed graft to ensure optimal graft size. So, the diameter of the quadrupled hamstring tendon graft
(QHTG) has to be minimum 7mm and the length has to be at least 100 mm5-8.
Biomechanical studies have confirmed that the graft diameter is proportional to the hamstring graft gailure
to the load applied. Further studies have established that the factors such as gender, height, weight, body mass
index, tibial length, thigh girth, calf girth and femoral length correlate with the diameter of the QHAG. This
information in turn may be useful to predict the size of the graft9. Preoperative prediction of the size of the graft
may help in the proper planning of types of graft and adequate counseling to the patient.
Tuman et al study showed that the increased risk of having inadequate autologous hamstring graft in older,
shorter and female patients10. WL Loo et al study showed that in Asian male patients height, weight and body
mass index could not be used for preoperative prediction of graft size9.
There is almost no literature available to correlate tha anthropometric parameters and hamstring graft
diameter in Nepalese population. We hypothesized that anthropometric parameters such as gender, height,
weight, body mass index, tibial length, thigh girth, calf girth and femoral length can be used to predict peri-
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operatively graft diameters in quadrupled hamstring autografts in Nepalese population.
The purpose of this study is to determine the correlation of graft length and diameter with anthropometric
parameters (age, sex, height, tibial length, calf girth, thigh girth) in Nepalese people.
2. Methods
A cross-sectional study was conducted at National Academy of Medical Sciences, Bir hospital and National
trauma center from December 2014 till November 2015. Before commencement of the study, the proposal was
submitted to the institutional review board and ethical clearance was taken. The will of the patient was respected
and consent was taken after fully explaining all the relevant details, its importance, and implications. Those who
refused to provide consent for any reason were excluded from the study. A convenient sample of 50 patients with
the diagnosis of ACL tear was included for the study. The inclusion criterion was insolated ACL tear for
reconstruction using autologous quadruple hamstring graft. Only semitendinosus graft, ACL reconstruction using
other than hamstring, patient unwilling to give consent and patient with the congenital anomaly. Statistical
analysis was done using SPSS 21. Descriptive analysis (mean, median, percentage, standard deviation) was
analyzed to describe the demographic and other related variables.

Figure - Graft harvesting
Fifty patients were included in this study with the clinically diagnosed case of ACL tear with the
confirmation on MRI report of the knee as well as confirmed prior to arthroscopic surgery. The anthropometric
parameters like age, height, weight, thigh girth, waist circumference, tibial length, calf girth etc were recorded
prior to surgery. Thigh girth, tibial length, calf girth were recorded from uninjured limb. After confirmation of
ACL tears arthroscopically, the hamstring graft was harvested with an incision made anteromedially on proximal
tibia approximately 4cm distal to the joint and 3 cm medial to tibial tuberosity at the region of pes-anserinus.
With dissection, tendons were exposed, palpated and semitendinosus, as well as gracilis, were identified.
Semitendinosus was harvested first and the length was measured. Likewise, gracilis was also harvested, with
both grafts, quadrupled for the reconstruction and monitored whether it is adequate or not to harvest gracilis. The
graft was harvested using the same technique in all patients but the surgeons who performed ACL reconstruction
were different.
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Figure - Arthroscope insertion and graft preparation for reconstruction
In statistical analysis, bivariate correlation coefficients were calculated to evaluate the correlation between
clinical data and semitendinosus and gracilis graft lengths. The correlation coefficients if high indicates the
strong relation between graft length and anthropometric parameters. A p-value of 0.05 was taken as a level of
significance.
3. Results

Figure 3 Pie chart showing Age distribution

Figure 4 Bar diagram showing age distribution
A total of 50 patient underwent ACL reconstruction surgery using autologus hamstring graft were included
for the study. The distribution of sex in this study where there was the prevalence of male. Out of 50 patients, 31
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were male with 62% in comparison with female only 19 with 38%. The distribution of age in which the most of
the candidates were in the age group 20-30 years old followed by the age group of 31 to 40. The total number of
candidates in the age group 21 to 30 years was 23, which is followed by 21 candidates in the age group 31 to 40.
We had only one candidate in the age group above 51 years. The number of candidates in age group less than 20
years and 41 to 50 years were 2 and 3 respectively. The mean age in this study was 31.5 years with the standard
deviation of 6.001. In this study, the mean length of semitendinosus and gracilis were 28.26 mm and 21.98 mm
respectively with the standard deviation of 0.96 and 0.168. In the descriptive analysis of height, the mean height
was 1.65 cm with the standard deviation of 0.089 likewise the mean weights was 62.84 kg with the standard
deviation of 12.213. The mean BMI is 22.73 kg/square meter with the standard deviation of 3.50. The
descriptive analysis of tibial length, calf girth, waist circumference and thigh girth, the mean tibial length, calf
girth, waist circumference and thigh girth was 35.76 centimeter with standard deviation of 3.831, 34.10
centimeter with standard deviation of 3.388, 85.12 cm with standard deviation of 10.148 and.260 cm with
standard deviation of 0.9649 respectively.
Table 1. Descriptive analysis between graft and anthropometric parameters
Mean
Std. Deviation
N
Semitendenosus length (cm)
28.260
.9649
50
Gracilis Length (cm)
21.98
1.684
50
Age
31.50
6.001
Tibial Length (cm)
35.76
3.831
50
Waist circumference (cm)
85.12
10.141
50
Thigh girth (cm)
28.260
.9649
50
Height (m)
1.6588
.08984
50
Weight (kg)
62.84
12.213
50
BMI
22.73
3.506
50
Calf Girth
34.10
3.388
50
Table 2. Correlation Between graft length and anthropometric parameters
Smitendinosus Length (cm)
Gracilis Length (cm)
Age
.150
.122
Tibial Length (cm)
.078
.089
Waist circumference (cm)
.059
0.071
Thigh girth (cm)
.124
.097
Height (m)
.06
.092
Weight (kg)
.061
.063
BMI
.091
.132
Calf Girth
.220
.118
* p value <0.05 is significant
In this study, as shown in the table of correlation between the graft and anthropometric parameters, the pvalue of the graft was given and was higher than 0.05. The p-value of semitendinosus and gracilis are 0.150 and
0.122 respectively in correlation with age. The correlation between the graft and height with the p-value of
semitendinosus and gracilis is 0.06 and 0.092 respectively. The correlation between the graft and weight with the
p-value of semitendinosus is 0.061 and 0.063 respectively. The correlation between the graft and BMI with the
p-value of semitendinosus is 0.091 and 0.132 respectively. The correlation between the graft and tibial length
with the p-value of semitendinosus is 0.078 and 0.089 respectively. The correlation between the graft and calf
girth with the p-value of semitendinosus is 0.220 and 0.118 respectively. The correlation between the graft and
waist circumference with the p-value of semitendinosus is 0.059 and 0.071 respectively. The correlation between
the graft and thigh girth with the p-value of semitendinosus is 0.124 and 0.097 respectively.
4. Discussion
This study is a cross-sectional study performed over 50 patients with isolated ACL tear using transportal
anatomical arthroscopic ACL reconstruction using quadrupled autologous hamstring graft. There were total 31
male and 19 female patients with mean age of 31.5 years old with male predominance and a maximum number
of patient in the age group 20-30.
In this study, the graft was harvested in the same manner in all patients before the tourniquet was applied
for arthroscopic trans-portal anatomical ACL reconstruction. The semitendinosus was harvested initially and
length was measured. The adequacy was checked for quadrupled graft size and recorded. Gracilis graft was
harvested despite the fact that the semitendinosus graft was adequate or not. With the use of semitendinosus and
gracilis, there was enough graft to maintain adequate graft diameter as well as graft length in all patient and with
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the use of gracilis and semitendinosus, graft diameter of size 9mm and length was measured.
In this study, the p-value of age in relation with semitendinosus and gracilis is 0.15 and 0.122 respectively.
The study concluded that there was no significant between the correlation of age with semitendinosus and
gracilis graft length. But the study done by other colleagues, they had similar results. None of the studies had
shown that the age can be used as a good predictor for the adequacy of semitendinosus and gracilis graft length
and diameter. But with the use of quadrupled hamstring graft using both semitendinosus and gracilis, the study
found that there is always enough graft size and diameter no matter what the age of the patient. The minimum
requirement of graft size is always fulfilled.
In this study, the correlation between height with semitendinosus and gracilis was shown by p-value as 0.06
and 0.092. Though the p-value is insignificant for the prediction of graft length, height can be used as a moderate
predictor for adequacy of graft length. In a study done by Supradeeptha Challa et al (2013) in South Indian
population concluded that the height can be taken as a good predictor for the prediction of hamstring graft size.
The retrospective study was done by Truman et al (2007) with 106 patients, they concluded that the height can
be taken as a weak predictor. The anthropometric parameters between Nepalese and South Indian are
comparable and in this study, height is moderate predictor whereas, in the study done by Challa, height is the
weak predictor, so height can be taken as a predictor for adequacy of graft size if not, can be used to determine
inadequacy with short height. The prospective study was done by Treme et al (2008) with 50 patients, concluded
that height cannot be taken as a predictor. The retrospective study was done by Ma et al (2010) and the
prospective study was done by Pinheiro (2011) concluded that the height can be taken as a good predictor for the
graft length and diameter. In this study, there is no problem regarding graft diameter when both semitendinosus
and gracilis were used. The study done by Celiktas et al (2013) concluded that the height can be taken as a strong
predictor for the adequacy of quadrupled hamstring graft size for length and diameter. In a study done by
Reboonlap N et al (2012) in Thai males concluded height can be used for preoperative identification of patients
at risk for insufficient graft tissue and would be useful for patient counseling and alternative graft source
planning. In a retrospective study done by Papastergiou G. Stergios et al (2012) with 61 patients (45 male, 16
females) concluded that the length of semitendinosus tendon is usually inadequate to be used alone as a fourstrand graft especially in females. The most reliable predictor seems to be patient’s height in males. In females,
there is no statistically important predictor12
In the current study, the correlation of weight with the length of semitendinosus and gracilis is insignificant
with the p-value of 0.061 and 0.063 respectively. As p-value is close to 0.05, we can use it as a moderate
predictor for the length of the graft and for the adequacy of the graft size using quadrupled hamstring graft size.
The study done by Supradeeptha Challa et al (2013) concluded that the weight can not be used as the definitive
predictor for the hamstring graft diameter in south Indian population. Our study has the same conclusion, so the
study determines the weight cannot be used as a strong predictor but can be used as a measurement to rule out
the inadequacy of graft size. In a study done by WL Loo et al (2010) concluded that the weight can not be used
for preoperative identification of the graft size in Asian males. In a prospective study was done by Schwartzberg
et al (2008) with 119 patients, they concluded that the weight can be used as the moderate predictor for graft
adequacy. In the prospective study concluded by Treme et al (2008) concluded weight as the strong predictor for
the graft adequacy whereas the retrospective study conducted by Truman et al (2007) concluded the weight as a
weak predictor.
In this study, the correlation between BMI and length of semitendinosus and gracilis length using the pvalue is 0.091 and 0.132 respectively. The p-value is insignificant so the BMI cannot be used as a definitive
predictor. But the p-value of semitendinosus length is 0.091; we can conclude that the BMI can be used as a
weak predictor of its length. In a study concluded by Boisvert et al (2011) that BMI did not correlate with graft
diameter in the female. BMI greater than 25 kg/square meter correlated with larger graft diameter. In the
retrospective study was done by Truman et al (2007) concluded that the BMI as a weak predictor for men where
as the prospective study done by Tremen et al (2008) concluded BMI as a strong predictor for men. In a study
done by WL Loo et al (2010) concluded that in Asian male BMI cannot be used for preoperative identification of
graft size.
In this study, the correlation between tibial length with the length of semitendinosus and gracilis is 0.078
and 0.089 respectively. Though the p-value is insignificant, they are very close to the value 0.05 so tibial length
can be taken as a moderate predictor for the graft length and its adequacy. In a prospective study done by Treme
at al in 2008 concluded that the leg length is moderate predictor for the graft length and diameter for men, cannot
be used for women. Likewise, a prospective study done by Pinheiro et al (2011) concluded that leg length can be
taken as a moderate predictor for the adequacy of graft length and diameter.
In the current study, the graft size cannot be predicted using calf girth as the correlation between calf girth
and the length of semitendinosus and gracilis with the help of p-value is 0.220 and 0.118 respectively. This study
concluded that the calf girth couldnot be used for the prediction of graft length as well as diameter. None of the
studies have shown the significance of calf girth in the prediction of graft size.
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In the current study, the p-values of semitendinosus and gracilis in correlation with waist circumference are
0.059 and 0.071 respectively. As the p-value is close to the significance level, this study concludes that the waist
circumference can be taken as a moderate predictor for the prediction of the graft length as well as the adequacy
of the graft size.
In the current study, the correlation between thigh circumference and the length of semitendinosus and
gracilis with p-value is 0.124 and 0.097 respectively. With this value, the p-value is insignificant and the graft
size cannot be predicted with the use of thigh circumference. But the prospective study was done by Treme et al
(2008) concluded that the thigh circumference can be used as a strong predictor for the graft length in men. The
prospective studies done by Schwartzberg et al (2008), Pinheiro et al (2011) and Celiktas et al (2013) concluded
that the thigh circumference cannot be used as a predictor for graft length, diameter as well as the adequacy of
the graft size.
5. Conclusion
With the significance level of the p-value less than 0.05, the study concludes that the anthropometric parameters
like height, weight, and tibial length can be used as a moderate predictor for the graft length as well as the
adequacy of the graft size. The other anthropometric parameters like age, waist circumference, and thigh girth
cannot be used to predict the graft size. However, with the use of both semitendinosus and gracilis, there is no
problem with the graft diameter in this study. The length if alone used, for quadrupled graft, is inadequate. With
the use of both grafts, there was no problem with the adequacy of graft diameter. The study concludes that there
is need for further study to be carried out so as to validate the results in the current study. In this study
semitendinosus alone was not adequate in order to use as a quadrupled graft for reconstruction. Gracilis has to be
harvested for adequate graft length and diameter.
References
1. Bach BR, Jr., Boonos CL. Anterior cruciate ligament reconstruction. AORN journal. 2001;74(2):152-64;
quiz 66-71, 73-4.
2. MOTT HW. Semitendinosus anatomic reconstruction for cruciate ligament insufficiency. Clinical
orthopaedics and related research. 1983;172:90-2.
3. Marder RA, Raskind JR, Carroll M. Prospective evaluation of arthroscopically assisted anterior cruciate
ligament reconstruction Patellar tendon versus semitendinosus and gracilis tendons. The American journal
of sports medicine. 1991;19(5):478-84.
4. Scott W, Insall J. Injuries of the knee. Rockwood and Green’s Fractures in Adults. 1991:1799-816.
5. Gobbi A, Francisco R. Quadruple Semitendinosus Tendon for Anterior Cruciate Ligament Reconstruction.
Techniques in Orthopaedics. 2005;20(3):203-6.
6. GOBBI A. DOUBLE BUNDLE ACL RECONSTRUCTION. Viitattu. 2007;19:2007.
7. O’Neill DB. Revision arthroscopically assisted anterior cruciate ligament reconstruction with previously
unharvested ipsilateral autografts. The American journal of sports medicine. 2004;32(8):1833-41.
8. Feller J, Siebold R, Webster K. ACL reconstruction in females: patellar tendon versus hamstring tendon
autograft. Journal of Bone & Joint Surgery, British Volume. 2005;87(SUPP III):305-.
9. Loo W, Liu B, Lee Y, Soon Y. Can We Predict ACL Hamstring Graft Sizes in the Asian Male? A Clinical
Relationship Study of Anthropometric Features and 4-Strand Hamstring Graft Sizes. Malaysian orthopaedic
journal. 2010;4(2):9-12.
10. Tuman JM, Diduch DR, Rubino LJ, Baumfeld JA, Nguyen HS, Hart JM. Predictors for hamstring graft
diameter in anterior cruciate ligament reconstruction. The American journal of sports medicine.
2007;35(11):1945-9.
11. Challa S, Satyaprasad J. Hamstring graft size and anthropometry in south Indian population. Journal of
Clinical Orthopaedics and Trauma. 2013;4(3):135-8.
12. Papastergiou SG, Konstantinidis GA, Natsis K, Papathanasiou E, Koukoulias N, Papadopoulos AG.
Adequacy of semitendinosus tendon alone for anterior cruciate ligament reconstruction graft and prediction
of hamstring graft size by evaluating simple anthropometric parameters. Anat Res Int. 2012;2012:424158.
13. Reboonlap N, Nakornchai C, Charakorn K. Correlation between the Length of Gracilis and Semitendinosus
Tendon and Physical Parameters in Thai Males. Journal of the Medical Association of Thailand=
Chotmaihet thangphaet. 2012;95:S142-6.
14. Celiktas M, Golpinar A, Kose O, Sutoluk Z, Celebi K, Sarpel Y. Prediction of the quadruple hamstring
autograft thickness in ACL reconstruction using anthropometric measures. Acta orthopaedica et
traumatologica turcica. 2013;47(1):14-8.
15. Park SY, Oh H, Park S, Lee JH, Lee SH, Yoon KH. Factors predicting hamstring tendon autograft
diameters and resulting failure rates after anterior cruciate ligament reconstruction. Knee surgery, sports
traumatology, arthroscopy : official journal of the ESSKA. 2013;21(5):1111-8.

102

Journal of Health, Medicine and Nursing
ISSN 2422-8419 An International Peer-reviewed Journal
Vol.50, 2018

www.iiste.org

16. Boisvert CB, Aubin ME, DeAngelis N. Relationship between anthropometric measurements and hamstring
autograft diameter in anterior cruciate ligament reconstruction. Am J Orthop. 2011;40(6):293-5.
17. Xie G, Huangfu X, Zhao J. Prediction of the graft size of 4-stranded semitendinosus tendon and 4-stranded
gracilis tendon for anterior cruciate ligament reconstruction: a Chinese Han patient study. The American
journal of sports medicine. 2012;40(5):1161-6.
18. Treme G, Diduch DR, Billante MJ, Miller MD, Hart JM. Hamstring graft size prediction a prospective
clinical evaluation. The American journal of sports medicine. 2008;36(11):2204-9.
19. Beynnon BD, Johnson RJ, Fleming BC, et al (1997) The effect of functional knee bracing on the anterior
cruciate liga- ment in the weightbearing and non- weightbearing knee. Am J Sports Med 25:353–359 (15)
20. Matsumoto H, Suda Y, Otani T, et al (2001) Roles of the anterior cruciate ligament and the medial
collateral liga- ment in preventing valgus instability. J Orthop Sci 6:28–32 (37)
21. Sakane M, Fox RJ, Woo SL-Y, Livesay GA, Li G, Fu F (1997) In situ forces in the anterior cruciate
ligament and its bundles in response to anterior tibial loads. J Orthop Res 15:285–293 (46)
22. Ryder SH, Johnson RJ, Beynnon BD, Ettlinger CF (1997) Prevention of ACL injuries. J Sports Rehabil
6:80–96 (45)
23. Bach BR Jr, Levy ME, Bojchuk J, Tradonsky S, Bush-Joseph CA, Khan NH (1998) Single-incision
endoscopic anterior cruciate ligament reconstruc- tion using patellar tendon autograft. Minimum two-year
follow-up evalua- tion. Am J Sports Med 26:30–40 (9)
24. Jacobson K (1977) Osteoarthritis fol- lowing insufficiency of the cruciate ligament in man: a clinical study.
Acta Orthop Scand 48:520–526 (27)
25. Ellison AE, Berg EE (1985) Embryol- ogy, anatomy, and function of the anterior cruciate ligament. Orthop
Clin North Am 16:3–14 (18)
26. Girgis FG, Marshall JL, Monajem ARSA (1975) The cruciate ligaments of the knee joint. Anatomical,
functional and experimental analysis. Clin Orthop 106:216–231
27. Arnoczky SP (1983) Anatomy of the anterior cruciate ligament. Clin Orthop 172:19–25
28. Reiman PR, Jackson DW (1987) Anat- omy of the anterior cruciate ligament. In: Jackson DW, Drez D (eds)
The anterior cruciate deficient knee. Mosby, St. Louis, MO, pp 17–26
29. Amis AA, Dawkins GPC (1991) Functional anatomy of the anterior cruciate ligament. Fibre bundle actions
related to ligament replacements and injuries. J Bone Joint Surg 73(B):260–267
30. Harner CD, Livesay GA, Kashiwaguchi S, Fujie H, Choi NY, Woo SL-Y (1995) Comparative study of the
size and shape of human anterior and posterior cruci- ate ligaments. J Orthop Res 13:429–434
31. Bernard M, Hertel P, Hornung H, et al (1997) Femoral insertion of the anterior cruciate ligament.
Radiographic quad- rant method. Am J Knee Surg 10:14–22
32. Girgis FG, Marshall JL, Monajem ARSA (1975) The cruciate ligaments of the knee joint. Anatomical,
functional and experimental analysis. Clin Orthop 106:216–231
33. Reiman PR, Jackson DW (1987) Anat- omy of the anterior cruciate ligament. In: Jackson DW, Drez D (eds)
The anterior cruciate deficient knee. Mosby, St. Louis, MO, pp 17–26
34. Hollis JM, Takai S, Adams DJ, Horibe S, Woo SL-Y (1991) The effects of knee motion and external
loading on the length of the anterior cruciate ligament (ACL): a kinematic study. J Biomech Eng 113:208–
214
35. Amis AA, Dawkins GPC (1991) Func- tional anatomy of the anterior cruciate ligament. Fibre bundle
actions related to ligament replacements and injuries. J Bone Joint Surg 73(B):260–267
36. Souryal TO, Moore HA, Evans JP (1988) Bilaterality in anterior cruciate ligament injuries: associated
interc- ondylar notch stenosis. Am J Sports Med 16:449–454
37. Hollis JM, Takai S, Adams DJ, Horibe S, Woo SL-Y (1991) The effects of knee motion and external
loading on the length of the anterior cruciate ligament (ACL): a kinematic study. J Biomech Eng 113:208–
214
38. Amis AA (1985) Biomechanics of liga- ments. In: Jenkins DHR (ed) Ligament injuries and their treatment.
Chapman and Hall, London, pp 3–28
39. Strocchi R, De Pasquale V, Gubellini P, et al (1992) The human anterior cruciate ligament: histological and
ultrastruc- tural observations. J Anat 180:515–519
40. Murray MH, Spector M (1999) Fibro- blast distribution in the anteromedial bundle of the human anterior
cruciate ligament: the presence of alpha-smooth muscle actin-positive cells. J Orthop Res 17:18–27
41. Neurath MF, Stofft E (1992) Structure and function of matrix components in the cruciate ligaments: an
immunohistochemical, electron-microscopic, and immunoelectron-microstudy. Acta Anat 145:387–394
42. Benjamin M, Quin S, Ralphs JR (1995) Fibrocartilage associated with human tendons and their pulleys. J
Anat 187:625–633
43. Petersen W, Tillmann B (1999) Struc- ture and vascularisation of the cruciate ligaments of the human knee
joint. Anat Embryol 200:325–334

103

Journal of Health, Medicine and Nursing
ISSN 2422-8419 An International Peer-reviewed Journal
Vol.50, 2018

www.iiste.org

44. Pauwels F (1960) Eine neue Theorie u ̈ ber den Einfluss mechanischer Reize auf die Differenzierung der
Stru ̈ tzgew- ebe. Zehnter Beitrag zur funktionellen Anatomie und kausalen Morphologie des Stru ̈
tzapparates. Z Anat Ent- wicklungsgesch 121:478–515
45. Benjamin M, Quin S, Ralphs JR (1995) Fibrocartilage associated with human tendons and their pulleys. J
Anat 187:625–633
46. Smith BA, Livesay GA, Woo SL-Y (1993) Biology and biomechanics of the anterior cruciate ligament.
Clin Sports Med 12:637–670
47. Strocchi R, De Pasquale V, Gubellini P, (1992) The human anterior cruciate ligament: histological and
ultrastruc- tural observations. J Anat 180:515–519
48. Amiel D, Billings E, Akeson WH (1989) Ligament structure, chemistry and physiology. In: Daniel D, Knee
ligaments: structure, function, in- jury and repair. Raven Press, New York, NY, p 34
49. Petersen W, Tillmann B (1999) Struc- ture and vascularisation of the cruciate ligaments of the human knee
joint. Anat Embryol 200:325–334
50. Benjamin M, Evans EJ (1990) Fibro- cartilage. J Anat 171:1–15
51. Koch S, Tillman B (1995) The distal tendon of biceps brachis. Ann Anat 177:467–474
52. von der Mark K (1981) Localisation of collagen types in tissues. Int Connect Tissue Res 9:265–313
53. Amiel D, Kleiner JB, Roux RD, Har- wood FL, Akeson WH (1986) The phenomenon of
‘‘ligamentization’’: anterior cruciate ligament reconstruc- tion with autogenous patellar tendon. J Orthop
Res 4:162–172
54. Kim SG, Akaike T, Sasagawa T, Atomi Y, Kurosawa H (2002) Gene expression of Type I and III collagen
by mechanical stretch in anterior cruciate ligament cells. Cell Struct Funct 27:139–144
55. Lee CY, Smith CL, Zhang X, Hsu HC, Wang DY, Luo ZP (2004) Tensile forces attenuate estrogenstimulated collagen synthesis in the ACL. Biochem Biophys Res Commun 14:317
56. Ogston AG (1970) The biological func- tions of the glycosaminoglycans. In: Balasz EA (ed) Chemistry and
molecu- lar biology of the intercellular matrix, vol 3. Academic, London, p 1231
57. Amiel D, Frank CB, Harwood FL, Fronek J, Akeson WH (1984) Tendons and ligaments: a morphological
and biochemical comparison. J Orthop Res 1(3):257
58. Pitaru S, Aubin JE, Bhargaua U, Melcher AH (1987) Immunoelectron microscopic studies on the
distributions of fibronectin and actin in a cellular dense connective tissue: the periodontal ligament of the
rat. J Periodontal Res 82:64–74
59. Strocchi R, De Pasquale V, Gubellini P, et al (1992) The human anterior cruciate ligament: histological and
ultrastruc- tural observations. J Anat 180:515–519
60. Smith BA, Livesay GA, Woo SL-Y (1993) Biology and biomechanics of the anterior cruciate ligament.
Clin Sports Med 12:637–670
61. Souryal TO, Moore HA, Evans JP (1988) Bilaterality in anterior cruciate ligament injuries: associated
interc- ondylar notch stenosis. Am J Sports Med 16:449–454
62. Viidik A (1972) Simultaneous mechan- ical and light microscopic studies of collagen fibres. Z Anat
Entwicklungsg- esch 136:204
63. Beynnon BD, Johnson RJ (1994) Rele- vant biomechanics. In: DeLee JC, Drez D (eds) Orthopaedic sports
medicine, pp 1113–1133
64. Kennedy JC, Alexander IJ, Hayes KC (1982) Nerve supply of the human knee and its functional
importance. Am J Sports Med 10:329–335
65. Schultz RA, Miller DC, Kerr CS, Mic- heli L (1984) Mechanoreceptors in hu- man cruciate ligaments. A
histological study. J Bone Joint Surg 66A:1072–1076 Smith BA, Livesay GA, Woo SL-Y
66. Zimny ML, Schutte M, Dabezies E (1986) Mechanoreceptors in the human anterior cruciate ligament. Anat
Rec 214(2):204–209
67. Krogsgaard MR, Dyhre-Poulsen P, Fi- scher-Rasmussen T (2002) Cruciate lig- ament reflexes. J
Electromyogr Kinesiol 12:177–182
68. Konishi Y, Fukubayashi T, Takeshita D (2002) Possible mechanism of quad- riceps femoris weakness in
patients with ruptured anterior cruciate ligament. Med Sci Sports Exerc 34:1414–1418
69. Konishi Y, Suzuki Y, Hirose N, Fuku- bayashi T (2003) Effects of lidocaine into knee on QF strength and
EMG in patients with ACL lesion. Med Sci Sports Exerc 35:1805–1808
70. Petersen W, Tillmann B (1999) Struc- ture and vascularisation of the cruciate ligaments of the human knee
joint. Anat Embryol 200:325–334
71. Giori NJ, Carter DR (1992) Tendon tissue differentiation may be mechani- cally mediated by hydrostatic
pressure and cell shape. Trans Orthop Res Soc 17:148
72. Tillmann B, Schu ̈ nke M, Ro ̈ ddecker K (1991) Struktur der Supra- spinatussehne. Anat Anz 172:82–83
73. Butler DL, Noyes FR, Grood ES (1980) Ligamentous restraints to anterior– posterior drawer in the human
knee. J Bone Joint Surg 62A:259

104

Journal of Health, Medicine and Nursing
ISSN 2422-8419 An International Peer-reviewed Journal
Vol.50, 2018

www.iiste.org

74. Beynnon BD, Fleming BC, Labovitch R, Parsons B (2002) Chronic anterior cruciate ligament deficiency is
associ- ated with increased anterior translation of the tibia during the transition from non-weightbearing to
weightbearing. J Orthop Res 20:332–337
75. Beynnon BD, Pope MH, Wertheimer CM, et al (1992) The effect of functional knee-braces on strain on the
anterior cruciate ligament in vivo. J Bone Joint Surg 74A:1298–1312
76. Beynnon BD, Johnson RJ, Fleming BC, et al (1997) The effect of functional knee bracing on the anterior
cruciate liga- ment in the weightbearing and non- weightbearing knee. Am J Sports Med 25:353–359
77. Beynnon BD, Johnson RJ (1994) Rele- vant biomechanics. In: DeLee JC, Drez D (eds) Orthopaedic sports
medicine, pp 1113–1133
78. Gabriel MT, Wong EK, Woo SL-Y, Yagi M, Debski RE (2004) Distribution of in situ forces in the anterior
cruciate ligament in response to rotatory loads. J Orthop Res 22:85–89
79. Anderson AF, Dome DC, Gautam S, Awh MH, Rennirt GW (2001) Corre- lation of anthropometric
measurements, strength, anterior cruciate ligament size, and intercondylar notch characteristics to sex
differences in anterior cruciate ligament tears. Am J Sports Med 29:58–63
80. Girgis FG, Marshall JL, Monajem A (1975) The cruciate ligaments of the knee joint. Anatomical,
functional and experimental analysis. Clin Orthop 106:216–231
81. Odensten M, Gillquist J (1985) Functional anatomy of the anterior cruciate ligament and a rationale for
reconstruction. J Bone Joint Surg 67A:257–262
82. Harner CD, Baek GH, Vogrin TM, Carlin GJ, Kashiwaguchi S, Woo SL (1999) Quantitative analysis of
human cruciate ligament insertions. Arthros- copy 15:741–749
83. Hefzy MS, Grood ES (1986) Sensitivity of insertion locations on length patterns of anterior cruciate
ligament
fibers.
J Biomech Eng 108:73–82
84. Amis AA, Dawkins GP (1991) Func- tional anatomy of the anterior cruciate ligament. Fibre bundle actions
related to ligament replacements and injuries. J Bone Joint Surg Br 73(2):260–267
85. Hutchinson MR, Ash SA (2003) Resident’s ridge: assessing the cortical thickness of the lateral wall and
roof of the intercondylar notch. Arthroscopy 19(9):931–935
86. Musahl V, Burkart A, Debski RE, Van Scyoc A, Fu FH, Woo SL (2003) Anterior cruciate ligament tunnel
placement: comparison of insertion site anatomy with the guidelines of a computer-assisted surgical system.
Arthroscopy 19(2):154–160
87. Muneta T, Sekiya I, Yagishita K, Ogiuchi T, Yamamoto H, Shinomiya K (1999) Two-bundle reconstruction
of the anterior cruciate ligament using semitendinosus tendon with endobut- tons: operative technique and
preliminary results. Arthroscopy 15:618–624, 991-992
88. Rosenberg TD, Graf B (2006) Tech- niques for ACL reconstruction with Multi-Trac drill guide. Acufex
Micro- surgical, Mansfield (in press)
89. Yasuda K, Kondo E, Ichiyama H, Kitamura N, Tanabe Y, Tohyama H, Minami A (2004) Anatomic reconstruction of the anteromedial and pos- terolateral bundles of the anterior cruciate ligament using hamstring
tendon grafts. Arthroscopy 20:1015–1025
90. Zavras TD, Race A, Amis AA (2004) The effect of femoral attachment loca- tion on anterior cruciate
ligament reconstruction: graft tension patterns and restoration of normal anterior– posterior laxity patterns.
Knee Surg Sports Traumatol Arthrosc 13(2): 92–100 (Epub 10 December 2004)
91. Petersen W, Tillmann B (2002) [Anatomy and function of the anterior cruciate ligament]. Orthopade
31:710–718
92. Petersen W, Tillmann B (1999) Struc- ture and vascularization of the cruciate ligaments of the human knee
joint. Anat Embryol (Berl) 200(3):325–334
93. Strocchi R, de Pasquale V, Gubellini P, Facchini A, Marcacci M, Buda R, Zaffagnini S, Ruggeri A (1992)
The human anterior cruciate ligament: his- tological and ultrastructural observa- tions. J Anat 180:515–519
94. Adachi N, Ochi M, Uchio Y, Iwasa J, Kuriwaka M, Ito Y (2004) Recon- struction of the anterior cruciate
liga- ment. Single- versus double-bundle multistranded hamstring tendons. J Bone Joint Surg Br 86(4):515–
520
95. Anderson AF, Dome DC, Gautam S, Awh MH, Rennirt GW (2001) Corre- lation of anthropometric
measurements, strength, anterior cruciate ligament size, and intercondylar notch characteristics to sex
differences in anterior cruciate ligament tears. Am J Sports Med 29:58–63
96. Arnoczky SP (1983) Anatomy of the anterior cruciate ligament. Clin Orthop 172:19–25
97. Cha PS, Brucker PU, West RV, Fu FH (2005) Arthroscopic double bundle anterior cruciate ligament
reconstruc- tion: an anatomic approach. Arthroscopy
98. Petersen W, Laprell H (2000) Insertion of autologous tendon grafts to the bone: a histological and
immunohistochemi- cal study of hamstring and patellar tendon grafts. Knee Surg Sports Traumatol
Arthrosc 8(1):26–31

105

Journal of Health, Medicine and Nursing
ISSN 2422-8419 An International Peer-reviewed Journal
Vol.50, 2018

www.iiste.org

99. Weiler A, Hoffmann RF, Bail HJ, Rehm O, Sudkamp NP (2002) Tendon healing in a bone tunnel. Part II:
his- tologic analysis after biodegradable interference fit fixation in a model of anterior cruciate ligament
reconstruc- tion in sheep. Arthroscopy 18(2): 124–135
100. American Board of Orthopaedic Surgery (2004) Research committee report. Diplomatic Newsletter. ABOS,
Chapel Hill, p 8
101. Kennedy JC, Weinberg HW, Wilson AS (1974) The anatomy and function of the anterior cruciate ligament
as determined by clinical and morphological studies. J Bone Joint Surg 56A:223–225
102. Kummer B, Yamamoto M (1988) [Funktionelle Anatomie der Kreuzba- ender]. Arthroskopie 1:2–10
103. Miller MD, Hinkin DT (1996) The ‘‘N + 7 rule’’ for tibial tunnel place- ment in endoscopic anterior
cruciate ligament reconstruction. Arthroscopy 12:124–126
104. Takai S, Woo SL-Y, Livesay GA (1993) Determination of the in situ loads on the human anterior cruciate
ligament.
J Orthop Res 11:686–695
105. Hollis JM, Takai S, Adams DJ (1991) The effects of knee motion and external loading on the length of the
anterior cruciate ligament (ACL): a kinematic study. J Biomech Eng 113:208–214
106. Zaffagnini S, Martelli S, Acquaroli F (2004) Computer investigation of ACL orientation during passive
range of motion. Comput Biol Med 34(2): 153–163
107. 4. Amis AA, Dawkins GP (1991) Func- tional anatomy of the anterior cruciate ligament. Fibre bundle
actions related to ligament replacements and injuries. J Bone Joint Surg Br 73(2):260–267
108. Harner CD, Baek GH, Vogrin TM, Carlin GJ, Kashiwaguchi S, Woo SL (1999) Quantitative analysis of
human cruciate ligament insertions. Arthros- copy 15:741–749
109. Girgis FG, Marshall JL, Monajem A (1975) The cruciate ligaments of the knee joint. Anatomical,
functional and experimental analysis. Clin Orthop 106:216–231
110. Jackson DW, Gasser SI (1994) Tibial tunnel placement in ACL reconstruc- tion. Arthroscopy 10:124–131
111. Morgan CD, Kalman VR, Grawl DM (1995) Definitive landmarks for reproducible tibial tunnel placement
in anterior cruciate ligament reconstruc- tion. Arthroscopy 11:275–288
112. Sta ̈ ubli HU, Rauschning W (1994) Tibial attachment area of the anterior cruciate ligament in the extended
knee position. Anatomy and cryosections in vitro complemented by magnetic reso- nance arthrography in
vivo. Knee Surg Sports Traumatol Arthrosc 2:138–146
113. Howell SM (1998) Principles for placing the tibial tunnel and avoiding roof impingement during
reconstruction of a torn anterior cruciate ligament. Knee Surg Sports Traumatol Arthrosc 6(Suppl 1):S49–
S55
114. Petersen W, Hansen U (1996) Blood supply of the anterior cruciate ligament. An immunohistochemical
study in human cadavers. J Orthop Sci 5:332–334
115. Loo W, Liu B, Lee Y, Soon Y. Can We Predict ACL Hamstring Graft Sizes in the Asian Male? A Clinical
Relationship Study of Anthropometric Features and 4-Strand Hamstring Graft Sizes. Malaysian orthopaedic
journal. 2010;4(2):9-12.
116. Tuman JM, Diduch DR, Rubino LJ, Baumfeld JA, Nguyen HS, Hart JM. Predictors for hamstring graft
diameter in anterior cruciate ligament reconstruction. The American journal of sports medicine.
2007;35(11):1945-9.
117. Gross J, Fetto J, Rosen E: Musculoskeletal Examination, 2nd ed. Malden, MA: Blackwell Publishing, 2002.
118. Harris N: Advanced Examination Techniques in Orthopaedics. Greenwich Medical Media, 2003.
119. Solomon DH, Simel DL, Bates DW, et al.: Does this patient have a torn meniscus or ligament of the knee?
Value of the physical examination. JAMA 2001;286: 1610–1620.
120. Scholten RJ, Opstelten W, van der Plas CG, et al.: Accu- racy of physical diagnostic tests for assessing
ruptures of the anterior cruciate ligament: A meta-analysis. J Fam Pract 2003;52:689–694.
121. Malanga GA, Andrus S, Nadler SF, McLean J: Physical examination of the knee: A review of the original
test description and scientific validity of common orthopedic tests. Arch Phys Med Rehabil 2003;84:592–
603.
122. Barton TM, Torg JS, Das M: Posterior cruciate ligament insufficiency: A review of the literature. Sports
Med 1984;16:419–430.
123. Magee DJ: Orthopedic Physical Assessment, 4th ed. Philadelphia: WB Saunders, 2002.
124. Noyes FR, Mooar LA, Moorman CT III, et al. Partial tears of the anterior cruciate ligament: progression to
complete ligament defi- ciency. J Bone Joint Surg Br 1989;71:825–833.
125. Prodromos CC, Fu F, Howell S, et al. Controversies in soft tissue anterior cruciate ligament reconstruction.
Presented at the symposium of the 2006 of the American Academy of Orthopaedic Surgeons. Controversies
in Soft Tissues ACL Reconstruction, March, 2006, Chicago.
126. Fu
FH.
Personal
communication.
August,
2006.
4. Berns GS, Hull ML, Patterson HA. Strain in the anteriormedial bundle of the anterior cruciate ligament

106

Journal of Health, Medicine and Nursing
ISSN 2422-8419 An International Peer-reviewed Journal
Vol.50, 2018

www.iiste.org

under combined loading. J Orthop Res 1992;10:167–176.
127. Boden BP, Dean GS, Geagin JA, et al. Mechanisms of anterior cruciate ligament injury. Orthopedics
2000;23:573–578.
128. DeMorat G, Weinhold P, Blackburn T, et al. Aggressive quadriceps loading can induce non-contact anterior
cruciate ligament injury. Am J Sports Med 2004;32:477–483.
129. Fleming BC, Renstrom PA, Beynnon BD, et al. The effect of weight- bearing and external loading on
anterior cruciate ligament strain. J Biomech 2001;34:163–170.
130. Hewett TE, Myer GD, Ford KR, et al. Biomechanical measures of neuromuscular control and valgus
loading of the knee predict anterior cruciate ligament injury risk in female athletes: a prospective study. Am
J Sports Med 2005;33:492–505.
131. Markolf KL, Burchfield DM, Sharpiro MM, et al. Combined knee loading states that generate high anterior
cruciate ligament forces. J Orthop Res 1995;13:930–935.
132. Mazzocca AD, Nissen CW, Geary M, et al. Valgus medial collateral ligament rupture causes concomitant
loading and damage of the ante- rior cruciate ligament. J Knee Surg 2003; 16:148–151.
133. Benjaminse A, Gokeler A, van der Schans CP. Clinical diagnosis of an anterior cruciate ligament rupture: a
meta-analysis. J Orthop Sports Phys Ther 2006;36:267–288.
134. Donaldson WF III, Warren RF, Wickiewicz T. A comparison of acute anterior cruciate ligament
examinations. Initial versus examina- tion under anesthesia. Am J Sports Med 1985; 13:5–10.
135. Ostrowski JA. Accuracy of 3 diagnostic tests for anterior cruciate liga- ment tears. J Athl Train 2006;41:
120–121.
136. Daniel DM, Stone ML, Barnett P, et al. Use of the quadriceps active test to diagnose posterior cruciate
ligament disruption and measure posterior laxity of the knee. J Bone Joint Surg Am 1988;70:386–391.
137. Chun CH, Lee BC, Yang JH. Extension block secondary to partial anterior cruciate ligament tear on the
femoral attachment of the pos- terolateral bundle. Arthroscopy 2002;18:227–231.
138. Finsterbush A, Frankl U, Mann G. Fat pad adhesion to partially torn anterior cruciate ligament: a cause of
knee locking. Am J Sports Med 1989;17:92–95.
139. Challa S, Satyaprasad J. Hamstring graft size and anthropometry in south Indian population. Journal of
Clinical Orthopaedics and Trauma. 2013;4(3):135-8.
140. Papastergiou SG, Konstantinidis GA, Natsis K, Papathanasiou E, Koukoulias N, Papadopoulos AG.
Adequacy of semitendinosus tendon alone for anterior cruciate ligament reconstruction graft and prediction
of hamstring graft size by evaluating simple anthropometric parameters. Anat Res Int. 2012;2012:424158.
141. Reboonlap N, Nakornchai C, Charakorn K. Correlation between the Length of Gracilis and Semitendinosus
Tendon and Physical Parameters in Thai Males. Journal of the Medical Association of Thailand=
Chotmaihet thangphaet. 2012;95:S142-6.
142. Celiktas M, Golpinar A, Kose O, Sutoluk Z, Celebi K, Sarpel Y. Prediction of the quadruple hamstring
autograft thickness in ACL reconstruction using anthropometric measures. Acta orthopaedica et
traumatologica turcica. 2013;47(1):14-8.
143. Park SY, Oh H, Park S, Lee JH, Lee SH, Yoon KH. Factors predicting hamstring tendon autograft
diameters and resulting failure rates after anterior cruciate ligament reconstruction. Knee surgery, sports
traumatology, arthroscopy : official journal of the ESSKA. 2013;21(5):1111-8.
144. Boisvert CB, Aubin ME, DeAngelis N. Relationship between anthropometric measurements and hamstring
autograft diameter in anterior cruciate ligament reconstruction. Am J Orthop. 2011;40(6):293-5.
First Author
Dr Dipendra Maharjan, Born on July 12, finished MBBS from Fudan University, Shanghai, China (2005),
worked as a medical officer in an Army Hospital, graduated MS Orthopedics, worked in NAMS, Bir Hospital
and currently working as lecturer in Nepal Army Institute of Health Science, Sano Bharyang, Kathmandu, Nepal.

107

