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ขอ้มูลเก่ียวกบับทความและข่าวสารส าหรับผูท่ี้สนใจ รำยงำนผู้ป่วย (case report) เป็นรายงานผูป่้วย วจิารณ์อาการทาง
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Anatomy of the Crucial Ligaments of the Knee Joint in a Thai Population  
Wongtriratanachai P, MD, Niwattananun N, MD, Rojanasathien S, MD 

Department of Orthopaedics, Faculty of Medicine, Chiang Mai University, Chiang Mai,Thailand 

 
Purpose: To study the anatomy of the anterior cruciate and posterior cruciate ligaments.  

Material and Method: Twenty-two Thai cadaveric knees without previous surgery were used for anatomical 

study of the ACL and the PCL for size and location.  

Results: The anterior cruciate ligament had an average length of 33.1 millimeters, and an average width of 10.0 

millimeters. The posterior cruciate ligament had an average length of 33.0 millimeters, and an average width of 

11.0 millimeters. By using the Wilcoxon rank sum and  sign rank tests, no difference was found between gender, 

sides, and length (p>0.05). We did find that the middle portion of the posterior cruciate ligament was 

statistically wider than that of the anterior cruciate ligament (p<0.05). The axis of the femoral attachment of the 

anterior cruciate ligament tilted forward to the vertical axis an average of 26.3 degrees. The average width of 

the attachment to the femur and the tibia was 16.3 millimeters and 20.0 millimeters, respectively. The attachment 

of ACL at femur is more posterior and at tibia is more anterior in Thai population. The posterior cruciate 

ligament was attached to the anterior part of the lateral surface of the medial femoral condyle. The axis of the 

attachment aligned with the horizontal. The average widths of the femoral and tibial attachment were 19.7 

millimeters and 13.9 millimeters, respectively.  

Conclusion: Clinical application of these findings to aid in the location of the attachment site of a tendon graft 

in the surgical treatment of chronic knee instability will benefit Thai patients. 

 
Keywords: anatomy, cruciate, ligament, knee, Thai 
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 Cruciate ligaments of the knee create most 

of the problems of chronic knee instability in all 

age groups. Major causes of injury are sports and 

traffic accidents. Anterior cruciate ligament(ACL) 

and posterior cruciate ligament(PCL) were the most 

common ligament injury in the knee joint
(1)

, and an 

operation is acceptable for a patient who suffers 

from knee instability. One preferable operation 

nowadays is intraarticular reconstruction using 

bone-patella tendon-bone
(2-7)

, or a tendon from the 

medial hamstring
(8-11)

 which has equal or greater 

strength and does not compress the nearby 

structures: posterior cruciate ligament and 

intercondylar notch. The most critical factors in 

obtaining a successful operation is proper graft 

placement
(12-14)

, so size and attachment location of 

the ACL and the PCL should be basic knowledge 

for bone surgeons. 

 The anatomy of the ACL and the PCL in a 

Thai population has not as yet been reported, hence 

our interest in this study for the following purposes: 

 1. anatomical study of the ACL and the 

PCL for size and location on the femur and the 

tibia; 
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 2. comparison with previous studies in 

non-Thai populations; 

 3.  clinical applications  in ligament recon- 

struction; and 

 4. preparation for a further study to guide 

the size of a tendon graft in knee ligament 

reconstruction in a Thai population 

 

Material and Method 
 We studied the anatomy of 22 cadaveric 

knees provided by the Department of Anatomy, 

Faculty of Medicine, Chiang Mai University. Six 

male (12 knees) and 5 female cadavers (10 knees), 

with an age range from 25 to 82 years (average 

56.5 years) were included. None had a history of 

knee trauma or knee surgery. The anatomy of the 

ACL and the PCL was studied as follows: 

 1. the tibia was cut 15 centimeters below 

the knee, and the femur 15 centimeters above;  

 2. the skin, muscle, vessels and synovial 

tissue was then dissected from the knee joint; 

 3. an oscillating saw was used to divide 

the femoral bone in the sagittal plane to view the 

origins of the ACL and the PCL; 

 4. the length and width of each ACL and 

PCL was measured; and 

 5. all ACL and PCL were cut at the bony 

attachment to  measure the relationship between the 
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attachment site and bony structure (see figures 1 

and 2). 

 A vernier caliper was used for length 

measurement and a goniometer for angle 

measurement. Each measurement was repeated 

three times and the mean calculated. 

 
 

Fig. 1 Attachment site of anterior cruciate ligament 

and bony landmarks  
A: distance between the most superior femoral 

attachment and the level of the adductor tubercle 

B: distance between the most superior femoral 

attachment and the roof of posterior intercondylar 

notch 

C: distance between the most superior femoral 

attachment and the border of the distal articular 

cartilage 

D: distance between the most anterior femoral 

attachment and the axis of posterior femoral cortex 

E: Length of the femoral attachment site 

F: distance between the posterior femoral 

attachment and the border of the posterior articular 

cartilage 

G: Angle between the axis of the attachment and 

the vertical axis 

H: distance between the anterior edge of tibia 

articular surface and the most anterior tibial 

attachment 

I: Length of the tibial attachment site 

 

Fig. 2 Attachment sites of posterior cruciate 

ligament and bony landmarks  

J: distance between the most superior attachment 

and a level of adductor tubercle 

K: distance between the most anterior femoral 

attachment and the axis of posterior femoral cortex 

L: Length of the femoral attachment site 

M: distance between the most distal femoral 

attachment and the border of the distal articular 

cartilage 

N: distance between the most superior femoral 

attachment and the roof of posterior intercondylar 

notch 

O: Width of the tibial attachment site 
 

Statistical analysis 

 1. Data was calculated for a mean and a 

standard deviation for a size and a distance between 

the bony structures, and separated for right and left 

knee and for male and female. 

 2. Wilcoxon rank sum test (Mann Whitney 

U test) was used for comparison between right and 

left knees and between males and females. 

 3. Wilcoxon sign rank test was used for 

comparison between ACL and PCL in the same 

knee. 

 

Results 
Anterior Cruciate Ligament 

1. Dimensions 

 ACL: length from 30.5 to 38.7 millimeters 

(average 33.1 millimeters). There was a standard 

deviation of 1.8 millimeters and Mean + SD 31.3-

34.9 millimeters (table 1). 

 ACL: width from 8.1-12.1 millimeters 

(average 10.0 millimeters). There was a standard 

deviation 1.1 millimeters and Mean + SD 8.9-11.1 

millimeters (table 1). 

 There was no statistical significance 

between male and female, or between right and left 

knees in length and width of ACL (p>0.05) (table 

1). 

 

Table 1 Average length and width at mid portion of ACL in Thai population 

 

Sample Length (millimeter) Width at mid portion (millimeter) 

Range Mean SD Range Mean SD 

All samples (n=22) 

By side 

Right knee (n=11) 

Left knee (n=11) 

By gender 

Right knee (n=12) 

Left knee (n=10) 

30.5-38.7 

 

31.2-35.8 

30.5-38.7 

 

30.5-38.7 

31.7-34.1 

33.1 

 

33.0 

33.2 

 

33.2 

32.9 

1.8 

 

1.4 

2.2 

 

2.3 

0.8 

8.1-12.1 

 

8.1-12.1 

8.4-12.0 

 

8.1-12.1 

9.1-11.3 

10.0 

 

10.0 

10.0 

 

9.9 

10.1 

1.1 

 

1.2 

1.0 

 

1.3 

0.7 

   2 
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2. Femoral attachment 

 ACL was attached to the posterior aspect 

of the medial surface of the lateral femoral condyle 

and the attachment site was semicircular. The axis 

of the femoral attachment tilted forward to the 

vertical axis and the relationship with the bony 

structure is shown in table 2.  

 

3. Tibial attachment 

 ACL was attached laterally to the anterior 

tibial spine. A distance from the anterior edge of 

tibial articular surface to the most anterior tibial 

attachment (H) ranged from 10.2-14.4 millimeters 

(average 12.7 millimeters). The length of the ACL 

tibial attachment (I) ranged from 15.0-22.8 

millimeters (average 20.0 millimeters), (table 2). 
 

Table 2 Distance between the attachment site of ACL (n=22) and the bony landmark in Thai population 

 

Parameters Range Mean SD Mean + SD 

A 

B 

C 

D 

E 

F 

G 

H 

I 

4.2-9.0 

0.9-8.3 

14.1-18.9 

13.3-20.8 

12.1-18.5 

0.0-4.1 

19-38 

10.2-14.4 

15.0-22.8 

6.0 

3.7 

15.8 

16.8 

16.3 

1.4 

26.3 

12.7 

20.0 

1.6 

2.3 

1.4 

2.6 

1.6 

1.4 

6.2 

1.2 

2.1 

4.4-7.6 

1.4-6.0 

14.4-17.2 

14.2-19.4 

14.7-17.9 

0.0-2.8 

20.1-32.5 

11.5-13.9 

17.9-22.1 
 
 

Table 3 Average length and width at mid portion of PCL in Thai population 

 

Sample Length (millimeter) Width at mid portion (millimeter) 

Range Mean SD Range Mean SD 

All samples (n=22) 

By side 

Right knee (n=11) 

Left knee (n=11) 

By gender 

Right knee (n=12) 

Left knee (n=10) 

29.4-38.1 

 

29.4-38.1 

29.7-36.5 

 

29.4-38.1 

32.0-35.0 

33.0 

 

32.9 

33.0 

 

32.7 

33.3 

2.5 

 

2.7 

2.3 

 

3.2 

1.1 

9.8-13.0 

 

10.0 

9.8-12.1 

 

10.2-13.0 

9.8-11.7 

11.0 

 

13.0 

10.9 

 

11.4 

10.5 

0.8 

 

1.1 

0.8 

 

0.8 

0.6 
 

Posterior Cruciate Ligament 

1. Dimensions 

 PCL: length from 29.4 to 38.1 millimeters 

(average 33.0 millimeters). There was a standard 

deviation of 2.5 millimeters and Mean + SD 30.5-

35.5 millimeters (table 3). 

 PCL: width from 9.8-13.0 millimeters 

(average 11.0 millimeters). There was a standard 

deviation 0.8 millimeter and Mean + SD 10.2-11.8 

millimeters (table 3). 

 There was no statistical significance 

comparing between male and female, or between 

right and left knee in length and width of PCL 

(p>0.05) (table 3).  

 

 

2. Femoral attachment 

 The PCL was attached on the anterior of 

lateral surface of medial femoral condyle and the 

attachment site was semicircular shape similar to 

the ACL. The axis of the femoral attachment 

paralleled to the horizontal axis and the relationship 

with the bony structure was shown in table 4. 

3. Tibial attachment 

 The PCL was attached at the posterior 

edge of tibia and the width (O) was ranged from 

11.1 to 18.7 millimeters (average 13.9 millimeters). 

There was a standard deviation 2.1 millimeters and 

Mean + SD 11.8-16.0 millimeters (table 4). 

 

 

Table 4 Average distance between the attachment site of PCL (n=22) and the bony landmark in Thai population 

 

Parameters Range Mean SD Mean + SD 

J 

K 

L 

M 

N 

O 

7.5-21.8 

0.0-11.2 

16.0-27.4 

0.0-5.2 

7.2-17.9 

11.1-18.7 

15.6 

6.5 

19.7 

1.0 

12.9 

13.9 

4.1 

3.6 

3.6 

1.6 

2.8 

2.1 

11.5-19.7 

2.9-10.1 

16.1-23.3 

(-0.6)-2.6 

10.1-15.7 

11.8-16.0 
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The relationship between ACL and PCL 

 In the same knee, there was no statistical 

significance in comparison of the length of the 

ACL and the PCL (p>0.05), but at the mid portion 

of the tendons, the width of the PCL was larger 

than the ACL (statistically significant, p<0.05). 

 

Discussion 
 The operative treatment in the patient with 

knee instability from anterior cruciate ligament 

injury has been reported by many authors
(2-11)

. The 

most popular procedure is an intraarticular 

procedure which provides similar biomechanics to 

the natural ACL, more so than provided by 

extraarticular procedures
(14)

. A bone-patella tendon-

bone graft (BPTB) is one of the most popular 

tissues for a ligament reconstruction because it 

provides good strength compared to other grafts
(15)

. 

However, good treatment results depend on many 

factors such as graft fixation, graft tension, and 

notchplasty but the most important factor is the 

anatomical location of the graft
(12-14)

, especially the 

femoral attachment site of the reconstructed 

tendon. If the graft is placed more anteriorly, it is 

too tight in flexion and too loose in extension. 

Conversely, a graft placed more posteriorly would 

produce looseness in flexion and tightness in 

extension. Thus the patient cannot perform full 

knee extension, lacks stability, and may suffer from 

many complications. 

 Reconstruction procedures require 

knowledge of the basic anatomy of the ACL and 

the PCL. No previous study has been reported yet 

in Thailand. Previous data from international 

journals may not apply clinically in a Thai 

population. Hence the authors decided to undertake 

the present research to establish Thai reference data 

for these two ligaments. 

 

 

 

 

Anterior Cruciate Ligament 

 According to our study, the average width 

of the Thai ACL at the mid portion is 10.0 

millimeters and average length 33.1 millimeters. 

This is less than found in the study by Girrgis 

FG
(16)

, in which the ACL had an average width of 

11.0 millimeters and an average length of 38.0 

millimeters (table 5). A difference of a distance of 

the attached location on a bony structure was 

shown in table 6. 

 Data that must be known in order to 

perform an operation of anterior cruciate ligament 

reconstruction are: 

1.  the distance between the most superior 

femoral attachment and the roof of posterior 

intercondylar notch (B) in a Thai population is 3.7 

millimeters; 

2. the length of the femoral attachment 

site (E) in Thai population is 16.3 millimeters; 

3. the distance between the posterior 

femoral attachment and the border of the posterior 

articular cartilage (F) in Thai population is 1.4 

millimeters. 

Posterior Cruciate Ligament 

 According to our study, PCL had the 

average width at the mid portion of 11.0 

millimeters, and an average length of 33.0 

millimeters which were less than the study from 

Girgis FG
(16)

, where the PCL had the average width 

13.0 millimeters and average length 38.0 

millimeters (table 5). Difference in the distance of 

the attachment location on a bony structure are 

shown in table 7. 

 Data that must be known in order to 

perform an operation of posterior cruciate ligament 

reconstruction are    

1. length of the femoral attachment site 

(L) in Thai population is 19.7 millimeters; and 

2. distance between the most distal 

femoral attachment and the border of the distal 

articular cartilage (M) in Thai population is 1.0 

millimeter

 

 

Table 5 Average dimensions of ACL and PCL as compared to another study  

 

Study Anterior Cruciate Ligament Posterior Cruciate Ligament 

Length Width Length Width 

Girgis FG
(16)

 

Chiang Mai 

38.0 

33.1 

11.0 

10.0 

38.0 

33.0 

13.0 

11.0 

 

 
Table 6 An average distance between the attachment site of ACL and the bony landmark  

 

Study Anterior Cruciate Ligament 

A B C D E F G H I 

Girgis FG
(16)

 

Chiang Mai 

12 

6.0 

4 

3.7 

12-20 

15.8 

8 

16.8 

23 

16.3 

4 

1.4 

25 

26.3 

15 

12.7 

30 

20.0 
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Table 7 An average distance between the attachment site of PCL and the bony landmark  

 

Study Posterior Cruciate Ligament 

J K L M N O 

Girgis FG
(16)

 

Chiang Mai 

23 

15.6 

5 

6.5 

32 

19.7 

3 

1.0 

15 

12.9 

13 

13.9 
 

 

Brantigan OC
(17)

 and Palmer I
(18)

 

concluded that the PCL was shorter than the ACL, 

but our study has shown that the length of the two 

ligaments is similar in the same knee, with no 

statistical significance(p>0.05) for the two 

ligaments similarly to study of Girgis FG
(16)

. 

The limitation of this study is small 

sample size which perhaps does not reflect the 

whole Thai population. The data from our study 

have shown that the width and length of the Thai 

ACL and PCL are less than the measurements 

reported in many international reports. This may be 

caused by the smaller stature of Thai people when 

compared to Europeans. It is interesting to note that 

the proper width of a graft for ligament 

reconstruction in a Thai population should less than 

that which would be used in European people
(2-7)

. 

The lower width of the graft (10millimeters) could 

reduce the complication of graft compression 

between the intercondylar notch and the PCL. The 

smaller width may also reduce complications at the 

donor site. This requires further study to verify the 

the proper graft size for Thais requiring knee 

reconstruction. 

Compared to the study of Girgis FG
(16)

, 

the anatomy of ACL and PCL in  a Thai population  

is shown in figure 3. For ACL reconstruction, the 

attachment at femur is more posterior and at tibia is 

more anterior in Thai population, so the reference 

attachment from the study of Girgis FG can cause 

too anterior at femur and too posterior at tibia for 

Thai population. For PCL reconstruction, the 

attachment at femur and tibia is similar from Thai 

population and from study of Girgis FG. 
 

 
 

Fig. 3 The anatomy of ACL (A and B) and PCL (C 

and D) in Thai population(blue) compared to the 

study of Girgis FG
(16)

(black). 

Conclusion 
 The results of this study have 

demonstrated the anatomy of the ACL and the PCL 

in Thais. This should be considered basic data for 

the Orthopedist when treating the patient with knee 

instability due to ligaments injury. Often we cannot 

clearly identify the attachment site of the ligaments, 

so we may use these data to point to the proper 

attachment of the tendon graft using bony 

structures as a reference. Finally, these data will 

help the investigator to study further how to select 

the best location for a tendon graft in knee ligament 

reconstruction. 
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กายวิภาคของเอ็นไขว้ในข้อเข่าในคนไทย 
 

ประสิทธ์ิ วงศ์ตรีรัตนชัย,พบ, นพพร นิวัฒนนันท์,พบ, สัตยา โรจนเสถียร,พบ 
 

วตัถุประสงค์: เพ่ือศึกษากายวิภาคของ Anterior cruciate ligament (ACL) และ Posterior cruciate ligament (PCL) ใน
แง่ของขนาดและต าแหน่งในคนไทย  
วสัดุและวธีิการ: ข้อเข่าจากศพ จ านวน 22 เข่า ท่ีไม่เคยได้รับการผ่าตัดเข่ามาก่อน  
ผลการศึกษา: เอน็ไขว้หน้ามีความยาวเฉล่ีย 33.1 มิลลิเมตร (30.5-38.7 มิลลิเมตร) และมีความกว้างท่ีจุดก่ึงกลางเส้นเอน็
เฉล่ีย 11.0 มิลลิเมตร (29.4-38.1 มิลลิเมตร) และมีความกว้างท่ีจุดก่ึงกลางเส้นเอน็เฉล่ีย 11.0 มิลลิเมตร (9.8-13.0 
มิลลิเมตร) ไม่พบความแตกต่างระหว่าง เพศชายกับเพศหญิง (p>0.05) ไม่พบความแตกต่างระหว่างเข่าขวากับเข่าซ้ายใน
ศพเดียวกัน (p>0.05) และไม่พบความแตกต่างเม่ือเปรียบเทียบความยาว ของเอน็ไขว้หน้ากับ เอน็ไขว้หลงัในข้อเข่าข้าง
เดียวกัน (p>0.05) ท่ีระดบัความเช่ือมัน่ร้อยละ 95 ความกว้างท่ีจุดก่ึงกลางเส้นเอน็ของเอน็ไขว้หลงัมีค่ามากกว่าเอน็ไขว้
หน้า อย่างมีนัยส าคัญทางสถิติ (p<0.05) เอน็ไขว้หน้ายึดเกาะอยู่บริเวณส่วนหลงัของ Medial surface ของ Lateral 
femoral condyle โดยจุดยึดเกาะบนกระดูกมีรูปร่างเป็นส่วนของวงกลม แกนของจุดยึดเกาะเอียงไปข้างหน้าเลก็น้อย ท ามมุ
กับแกนตั้งเฉล่ีย 26.3 องศา ความกว้างของจุดยึดเกาะบนกระดูก Femur และ Tibia เฉล่ียเป็น 16.3 มิลลิเมตร และ 20.0 
มิลลิเมตร ตามล าดับ เอน็ไขว้หลงัยึดเกาะอยู่บริเวณส่วนหน้าของ Lateral surface ของ Medial femoral condyle โดยจุด
ยึดเกาะบนกระดูกมีรูปร่างเป็นส่วนของวงกลมมีแกนอยู่ในระนาบพืน้ ความกว้างของจุดยึดเกาะบนกระดูก Femur และ 
Tibia เฉล่ียเป็น 19.7 มิลลิเมตร และ 13.9 มิลลิเมตร ตามล าดับ  

สรุป: ผลการศึกษานีส้ามารถน าไปประยกุต์ใช้ในการก าหนดจุดฝังเส้นเอน็บนกระดูกในการผ่าตัดสร้างเส้นเอน็ส าหรับ
ผู้ป่วยท่ีมีภาวะข้อเข่าหลวม 
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Bone Mineral Density Differences in Hip Fractures of the Elderly 
Songviroon S, MD, MPH 

 
Department of Orthopaedic, Maharat Nakhonratchasima Hospital, Nakhonratchasima, Thailand 

 
Objective: To evaluate the differences in bone mineral density (BMD) between the fracture and non-fracture 

sides in cases of femoral neck and intertrochanteric fractures in elderly. 

Material and Method: A cross-sectional study in elderly patients admitted to Maharat Nakhonratchasima 

Hospital between Mar.1, 2012 and Sep.30, 2012. Each had a diagnosis of femoral neck or intertrochanteric 

fracture. After applying inclusion and exclusion criteria, one hundred patients were included. All answered the 

fracture risk assessment tool.  BMD was measured by Dual energy X-ray absorptiometry prior to surgery. Data 

was analyzed statistically. 

Results: Demographic data from the fracture groups, mean age, and body mass index displayed no statistical 

differences. BMD measurements were higher on the fracture side than on the non-fracture side and statistically 

different in nearly all areas of the hip. BMD measurements produced statistical differences in some areas when 

comparison was made between fracture groups, and between genders. The BMD in males was not statistically 

different between the femoral neck and intertrochanteric fracture groups, and between the fractured and non-

fractured sides. 

Conclusion: Overall the BMD was statistically different between the fracture and non-fracture sides. In 

addition, the BMD was not statistically different between the femoral neck fracture and intertrochanteric fracture 

groups in some areas. 

 

Keywords: Bone mineral density, femoral neck fracture, intertrochanteric fracture 
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 Thailand’s elderly population has 

increased, as has the prevalence and incidence of 

osteoporosis and osteopenia
 

in both genders
(1-7)

. 

Osteoporosis is the leading risk factor for fractures, 

mortality rate
(8-12)

, increased budget expense
(13)

, 

decreased daily activities, and quality of life
(14)

. 

The World Health Organization defines the 

diagnosis of osteoporosis by bone mineral density 

(BMD), determined by Dual energy X-ray 

absorptiometry
(15,16)

, and uses the fracture risk 

assessment tool (FRAX ®) to evaluate fracture 

risk
(17,18)

. There are reports that BMD is higher in 

femoral neck than in intertrochanteric fractures in 

all age groups
(19-21)

, but was not statistically 

significant in age groups (p 0.44), in gender 

between hip fracture and control groups (non-

fracture) (p 0.61), in total BMD (p 0.16), and in the 

greater and lesser trochanter areas. BMD values 

between femoral neck fracture and non-fracture 

groups were (p 0.59) and (p 0.21) respectively.
 

Statistical significance was noted in the BMD of 

the greater trochanter area compared with the neck 

of the femur and the neck area, and between 

femoral neck fracture and non-fracture groups
(22)

.  

 
Correspondence to: Songviroon S, Department of 

Orthopaedic, Maharat Nakhonratchasima Hospital, 

Nakhonratchasima, Thailand 

E-mail: suratortho@yahoo.com 

Gnudi et al. studied BMD in post-

menopausal women, and reported that the BMD 

difference was statistically significant between hip 

fracture and non-fracture (control) groups, 

intertrochanteric fracture and controlled non-

fracture groups, but not statistically significant 

between femoral neck fracture and non-fracture 

groups
(23)

. 

 The Orthopaedic Department of Maharat 

Nakhonratchasima Hospital admitted 689 cases of 

elderly hip fracture in 2011, of whom 421 

underwent surgery. There are no previous studies 

of BMD in Thai hip fracture patients, and few 

overseas studies. This study will present BMD 

differences between two groups: femoral neck 

fracture and intertrochanteric fracture groups, 

between the fracture and non-fracture sides, and 

between males and females. 
 

Material and Method 
 The Maharat Nakhonratchasima Hospital 

Institutional Review Board approved this study. It 

is cross–sectional, and included 100 patients 

admitted to the Orthopaedic Department, Maharat 

Nakhonratchasima Hospital from Mar.1, 2012 to 

Sep.30, 2012. Included were patients diagnosed 

with intertrochanteric or femoral neck fracture, 

who accepted admission to the study, who gave 

informed consent, and whose age was greater than 
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50 years. Exclusion criteria included previous 

implantation in a different hip fracture, pathological 

fracture from cancer, cardiovascular aneurysm or 

previous stroke, and sero-positive for HIV 

antibody. All patients and/or close relatives 

answered the FRAX ® tool questionnaire, and 

BMD was measured shortly after admission prior 

to definitive surgical treatment. All patients were 

examined in the supine position with skin traction, 

without further manipulation.  The hip area BMD 

alone was measured; the spine and wrist areas were 

not examined. BMD was measured by a single 

radiological technologist using a Hologic, 

Discovery W model (serial #81497). Data was 

analyzed using mean, standard deviation, chi-

square test, and unpaired Student’s t-Test. 

Statistical significance was accorded when p<0.05. 

 

 

Table 1 Demographic data  

 

Data Femoral neck fracture 

group 

Intertrochanteric fracture 

group 

 

Number (Cases) 47 53  

Age Range (years) 55-92 54-89  

Average age + S.D. 74.3 + 8.8 77.0 + 8.1 p-Value 0.1165 

Left / Right side (Cases) 28 / 19 29 / 24  

Male / Female (Cases) 10 / 37 19 / 34  

Body mass index (BMI) (kg/m
2 
) 

Mean + S.D. 

21.2 + 6.2 20.5 + 8.3 p-Value 0.6602 

 

 

Results 
 Table1 shows patient data for both groups, 

with no statistical significance in average age, or 

body mass index. Male patients were fewer than 

female, as previously reported in Thailand
(5)

. Males 

suffered fewer fractures than did females, and the 

left side predominated in both groups. Falls are the 

most common cause of fracture, also reported 

previously
(24)

. Thirty-three cases in the femoral 

neck fracture group resulted from falls and four 

were idiopathic. Falls caused all fractures in the 

intertrochanteric group. Duration of symptoms 

prior to admission ranged from 1-40 days with an 

average of 9.48 days (SD + 6.94) in the femoral 

neck group, and from 1-12 days with an average of 

2.36 days (SD + 1.98) in the intertrochanteric 

group. Using the Chi–square test, subgroups were 

evaluated for BMD versus duration of symptoms. 

No statistical differences were uncovered. 

 The FRAX ® tool questionnaire data 

indicated that each group included three cases of 

previous wrist fracture from falls. There were two 

cases of hip fracture in parents in the former group 

but no cases in the latter group. Glucocorticoid 

usage was found five cases in the former, and six in 

the latter group. Also found were current tobacco 

usage: 9 cases in the former group and 10 cases in 

the latter group; and alcohol consumption 13 and 9 

cases. Rheumatoid arthritis occurred in only one 

case (interfrochanteric group). There were no cases 

of previous gynecological surgery, chemotherapy 

for breast cancer, malabsorption syndrome, chronic 

liver disorders, organ transplant, diabetes mellitus 

type 1, or osteogenesis imperfecta in either group. 

Secondary osteoporosis from premature 

menopause: 4 cases in the former group and 3 cases 

in the latter group. Gastrointestinal problems: three 

cases in each group. Common comorbidity 

diseases:  hypertension 20/24 cases, diabetes 

mellitus 8/11 cases. Thus the difference between 

the two groups was minimal. 

 

Table 2 Comparison of BMD by fracture area, and by side (fracture and non-fracture) 

 
 Femoral neck fracture 

group 

Intertrochanteric fracture 

group 

p-Value 

Area Fracture 

side (A) 

Non-fracture 

side (B) 

Fracture 

side (C) 

Non-fracture 

side (D) 

(A) vs (B) (A) vs (C) (C)  vs (D) (B) vs (D) 

Neck 0.5+0.16 0.47+0.14 0.45+0.16 0.45+0.13 0.0167 0.0156 0.5900 0.3794 

Troch 0.45+0.12 0.40+0.10 0.47+0.13 0.37+0.10 0.0004 0.3052 0.0000 0.1086 

Inter 0.80+0.22 0.70+0.18 0.89+0.25 0.69+0.20 0.0001 0.0636 0.0000 0.7829 

Total 0.68+0.17 0.58+0.16 0.73+0.20 0.56+0.15 0.0000 0.2210 0.0000 0.5777 

Ward 0.54+0.20 0.31+0.16 0.42+0.21 0.28+0.12 0.0000 0.0071 0.0000 0.3337 

Note – Mean+Standard Deviation 
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 In both fracture groups, the average BMD 

on the fracture side was higher than the non-

fracture side with statistically significance at all 

areas except the neck area of the intertrochanteric 

fracture group. Comparison between the fracture 

groups yielded a statistically significant difference 

in the neck and ward area on the fracture side, but 

no statistical significance at trochanter, 

intertrochanter and total area on the fracture side, 

and all areas on the non-fracture side. 

 

Table 3 Comparison of BMD by fracture area and by side in male 

 

 Femoral neck fracture 

group 

Intertrochanteric fracture 

group 

p-Value 

Area Fracture 

side (A) 

Non-fracture 

side (B) 

Fracture 

side (C) 

Non-fracture 

side (D) 

(A) vs (B) (A) vs (C) (C)  vs (D) (B) vs (D) 

Neck 0.58+0.13 0.56+0.15 0.54+0.17 0.51+0.16 0.6489 0.4720 0.3141 0.3778 

Troch 0.58+0.12 0.48+0.12 0.56+0.13 0.44+0.11 0.0561 0.6381 0.0004 0.3062 

Inter 1.05+0.20 0.87+0.20 1.09+0.28 0.86+0.19 0.0086 0.7084 0.0003 0.9361 

Total 0.87+0.17 0.71+0.21 0.88+0.22 0.69+0.15 0.0562 0.8827 0.0002 0.6796 

Ward 0.68+0.20 0.42+0.24 0.52+0.22 0.32+0.14 0.0449 0.0691 0.0019 0.1543 

 

 

 Looking at the male subgroup alone, the 

BMD of both fracture groups displayed higher 

values on the fracture side. These were statistically 

significant different in the intertrochanteric and 

ward areas of the femoral neck fracture group and 

in nearly all areas, except in the neck of the 

intertrochanteric fracture group. There was no 

statistical significance when comparing the fracture 

groups in all areas, both on the fracture and the 

non-fracture sides. 
 

Table 4 Comparison of BMD by fracture area and by side in female 

 

 Femoral neck fracture group Intertrochanteric fracture 

group 

p-Value 

Area Fracture 

side (A) 

Non-fracture 

side (B) 

Fracture 

side (C) 

Non-fracture 

side (D) 

(A) vs 

(B) 

(A) vs 

(C) 

(C)  vs 

(D) 

(B) vs 

(D) 

Neck 0.52+0.16 0.43+0.11 0.41+0.13 0.41+0.09 0.0043 0.0024 0.8091 0.3326 

Troch 0.41+0.10 0.38+0.09 0.43+0.11 0.33+0.07 0.0015 0.4996 0.0000 0.0097 

Inter 0.73+0.17 0.66+0.15 0.77+0.15 0.60+0.13 0.0023 0.2376 0.0000 0.0751 

Total 0.63+0.14 0.54+0.12 0.64+0.13 0.49+0.10 0.0000 0.7189 0.0000 0.0571 

Ward 0.50+0.18 0.28+0.12 0.37+0.18 0.26+0.11 0.0000 0.0048 0.0008 0.5251 

 

 

 In the female subgroup, the BMD of both 

fracture groups was higher on the fracture side, a 

result similar to that found in males (table3). There 

were statistically significant differences in all areas 

on the fracture side, neck and ward area on the non-

fracture side of  the femoral neck fracture group 

and nearly all areas, except the neck on the fracture 

side, and the inter area on the non-fracture side of 

intertrochanteric fracture group. 

 

Table 5 Comparison of BMD by fracture area and by side (both genders) 

 

 p-Value 

 Femoral neck fracture group Intertrochanteric fracture group 

Area Fracture side 

(Male vs Female) 

Non-fracture side 

(Male vs Female) 

Fracture side  

(Male vs Female) 

Non-fracture  

(Male vs Female) 

Neck 0.2468 0.4072 0.0024 0.0056 

Troch 0.0000 0.0030 0.0004 0.0000 

Inter 0.0000 0.0007 0.0000 0.0000 

Total 0.0000 0.0015 0.0000 0.0000 

Ward 0.0104 0.0127 0.0132 0.1180 
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BMD comparison between genders were 

statistically significant in nearly all areas. 

Exceptions were the neck area in femoral neck 

fracture group on both sides, and the ward area of 

the intertrochanteric fracture group on the non-

fracture side. 

 

Discussion 
BMD comparison between fracture groups 

for both genders, displayed statistically significant 

differences at the neck and ward of the femoral 

neck fracture group, with no statistical significant 

difference in other areas, nor in any area of the 

intertrochanteric fracture group. Chi-Chuan Woo
(22)

 

reported statistically significant differences in the 

greater trochanter area, but none in the total, lesser 

trochanter, and neck areas. BMD comparison 

between fracture groups (separating the genders) 

yielded no areas of statistical significance within 

the male subgroup in both the fracture and non-

fracture side. However, BMD in the female 

subgroup did show statistical significance in some 

areas. Susan L et al. reported that trochanteric 

BMD was 13% lower in women and 11% lower in 

men for those patients with trochanteric fractures, 

compared to those with femoral neck fracture (p < 

0.01)
(25)

. 

Comparison between the fracture and non-

fracture sides yielded a mean BMD that was higher 

in the former group in all areas. Both fracture 

groups and both genders displayed statistical 

significance in nearly all of the areas in the overall 

trend. This is contrary to the study of  Jacqueline R 

et al.
(26)

 which showed that femoral neck bone 

density was lower in subjects with hip fractures 

when compared with non-fracture subjects (p-

Value 0.0001). Chi-Chuan Woo
(22)

 reported that the 

BMD of both groups were lower on the fracture 

side than non-fracture side in total, greater and 

lesser trochanter, and neck areas. 

Comparison between genders confirmed 

higher mean BMD values in males, and there were 

statistically significant in nearly all areas, between 

fracture and non-fracture sides, and between 

fracture groups. This finding is similar to that of 

many others
 (3,7,25)

. Jane A. Cauley et al. reported a 

study in women in which the BMD was found to be 

lower in a femoral neck fracture group than in an 

intertrochanteric fracture group. Both results were 

statistically significant compared to a control (no- 

fracture group)
(26)

. Male BMD measurements 

between femoral neck and intertrochanteric fracture 

groups were not statistically significant in our 

study. Because number of male sample in this 

study was small, results should be used with 

caution.   

 There are limitations to this study: few 

studies available for review, the number of 

appropriate cases, short period of BMD 

examination prior to definitive surgical treatment, 

available radiological support, and the small 

number of prior studies. An increased number of 

reports, on larger populations would yield 

information of greater validity. 

 

Conclusion 
 Overall, the BMD was statistically 

significant between the fracture and non-fracture 

sides and  in some areas between the femoral neck 

and intertrochanteric fracture groups. 

 

Acknowledgement 
 The author wishes to thank Miss 

Tanawadee Kluankrathok, B.Sc.(RT), Department 

of Nuclear Medicine, Maharat Nakhonratchasima 

Hospital; Dr.Yothi Tongpenyai, MD., Ph.D., 

Department of Pediatrics, Maharat 

Nakhonratchasima Hospital; Assoc. Prof. Suppasin 

Soontrapa B.Sc., MD., Department of 

Orthopaedics, Faculty of Medicine, KhonKaen 

University; and Assoc. Prof. Sattaya Rojanasthien 

MD., Department of Orthopaedic Surgery, Faculty 

of Medicine, Chiang Mai University, for their help 

and suggestions in the preparation of this 

publication. 

 

References 

1.  Foundation of Thai gerontology research and 

development. Elderly situation report 2006. 

Bangkok. October printing co.ltd. 2007. 

2. Thailand Population 2008. Institute for 

population and research. Mahidol university. 

2008; 17: 1. 

3. Limpaphayom KK, Taechakraichana N, 

Jaisamrarn U, Bunyavejchevin S, Chaikittisilpa 

S, Poshyachinda M, et al. Bone mineral density 

of lumbar spine and proximal femur in normal 

Thai women. J Med Assoc Thai 2000; 83(7): 

725-31. 

4. Limpaphayom KK, Taechakraichana N, 

Jaisamrarn U, Bunyavejchevin S, Chaikittisilpa 

S, Poshyachinda M, et al. Prevalence of 

osteopenia and osteoporosis in Thai women. 

Menopause 2001; 8(1): 65-9. 

5. Lau EM, Lee JK, Suriwongpaisal P, Saw SM, 

Das De S, Khir A, et al. The incidence of hip 

fracture in four Asian countries: the Asian 

Osteoporosis Study (AOS). Osteoporos Int 

2001; 12(3): 239-43. 

6. Shahla A. Validity of bone mineral density and 

WHO fracture risk assessment thresholds in hip 

fractures. Arch Iran Med 2011; 14(5). 352-4. 

7. Pongchaiyakul C, Apinyanurag C, Soontrapa S, 

Soontrapa S, Pongchaiyakul C, Nguyen TV, et 

al. Prevalence of osteoporosis in Thai men. J 

Med Assoc Thai 2006; 89(2): 160-9. 

8. Randell A, Sambrook PN, Nguyen TV, Lapsley 

H, Jones G, Kelly PJ, et al. Direct clinical and 

welfare costs of osteoporotic fractures in elderly 

 11 

    JRCOST VOL.37 NO.1 January 2013 



                                                                                                             

men and women. Osteoporos Int 1995; 5(6): 

427-32. 

9. Ryan PJ. Overview of role of BMD 

measurements in managing osteoporosis. Semin 

Nucl Med 1997; 27(3): 197-209.  

10.Marshall D, Johnell O, Wedel H. Meta-analysis 

of how well measures of bone mineral density 

predict occurrence of osteoporotic fractures. 

BMJ 1996; 312(7041): 1254-9. 

11.Chariyalertsak S, Suriyawongpaisal P, 

Thakkinstain A. Mortality after hip fracture in 

Thailand. Int Orthop 2001; 25(5): 294-7.  

12.Vaseenon T, Luevitoonvechkij S, 

Wongtriratanachai P, Rojanasthien S. Long-

term mortality after osteoporotic hip fracture in 

Chiang Mai, Thailand. J Clin Densitom 2010; 

13(1): 63-7. 

13.Woratanarat P, Wajanavisit W, Lertbusayanukul 

C, Loahacharoensombat W, Ongphiphatanakul 

B. Cost analysis of osteoporotic hip fractures. J 

Med Assoc Thai 2005; 88 (Suppl 5): S96-104. 

14.Pongchaiyakul C, Songpattanasilp T, 

Taechakraichana N. Burden of osteoporosis in 

Thailand. J Med Assoc Thai 2008; 91(2): 261-7.  

15.Assessment of fracture risk and its application to 

screening for postmenopausal osteoporosis. 

Report of a WHO study group. World Health 

Organ Tech Rep Ser 1994; 843: 1-129. 

16.Kanis JA, Melton LJ 3rd, Christiansen C, 

Johnston CC, Khaltaev N. The diagnosis of 

osteoporosis. J Bone Miner Res 1994; 9(8): 

1137-41. 

17.Kanis JA. Assessment of osteoporosis at the 

primary health-care level. Technical report. 

WHO Collaborating Centre, University of 

Sheffield, UK; 2007. 

18.Kanis JA, Johnell O, Oden A, Johansson H, 

McCloskey E. FRAX TM and the assessment of 

fracture probability in men and women from the 

UK. Osteoporosis Int 2008; 19(4): 385-97. 

19.Bartl R, Frisch B. Osteoporosis: Diagnosis, 

Prevention, Therapy. Berlin, Germany: 

Springer; 2009. 

20.Adams JE. Dual-energy X-ray absorptiometry. 

In: Grampp S, ed. Radiology of Osteoporosis. 

Berlin, Germany: Springer 2008; 105–24. 

21.Morgan EF, Bayraktar HH, Keaveny TM. 

Trabecular bone modulusdensity relationships 

depend on anatomic site. J Biomech 2003; 

36(7): 897-904. 

22.Wu CC, Wang CJ, Shyu YI. Variations in bone 

mineral density of proximal femora of elderly 

people with hip fractures: a case-control 

analysis. J Trauma 2011; 71(6): 1720-5. 

23.Gnudi S, Ripamonti C, Lisi L, Fini M, Giardino 

R, Giavaresi G. Proximal femur geometry to 

detect and distinguish femoral neck fractures 

from trochanteric fractures in postmenopausal 

women. Osteoporos Int 2002; 13(1): 69-73. 

24.Melton LJ 3rd. Epidemiology of fractures. In: 

Riggs BL, Melton LJ 3rd, editors. Osteoporosis: 

etiology, diagnosis, and management. 2nd ed. 

Philadelphia-New York: Lippincott-Raven; 

1995. p. 225-47. 

25.Greenspan SL, Myers ER, Maitland LA, Kido 

TH, Krasnow MB, Hayes WC. Trochanteric 

bone mineral density is associated with type of 

hip fracture in the elderly. J Bone Miner Res 

1994; 9(12): 1889-94. 

26.Center JR, Nguyen TV, Pocock NA, Eisman JA. 

Volumetric bone density at the femoral neck as 

a common measure of hip fracture risk for men 

and women. J Clin Endocrinol Metab 2004; 

89(6): 2776-82.  

27.Cauley JA, Lui LY, Genant HK, Salamone L, 

Browner W, Fink HA, et al. Risk Factors for 

Severity and Type of the Hip Fracture. J Bone 

Miner Res 2009. 24(5): 943-55. 

 

 

12 

   THE THAI JOURNAL OF ORTHOPAEDIC SURGERY 



                                                                                                             

 

ความแตกต่างของค่าความหนาแน่นของมวลกระดูกในผู้ ป่วยสูงอายุที่มีกระดูกสะโพกหักที่ส่วนคอและ
ระหว่างโทรแคนเตอร์ 

 

สุรัตน์ ส่งวิรุฬห์, พบ, สม (บริหารสาธารณสุข) 
 

วัตถุประสงค์: เพ่ือศึกษาความความแตกต่างของค่าความหนาแน่นของมวลกระดูกบริเวณสะโพกระหว่างข้างท่ีหักและไม่
หักในผู้ป่วยสูงอายท่ีุมีกระดูกสะโพกหัก 
วัสดุและวิธีการ: เป็นการศึกษาแบบการส ารวจ โดยวิธีเลือกผู้ถูกส ารวจเพ่ือให้ได้สถิติคล้ายคลึงกับการส ารวจพลเมือง
ท้ังหมด ในผู้ป่วยสูงอายท่ีุมานอนรักษาตัวท่ีโรงพยาบาลมหาราชนครราชสีมา ระหว่างวันท่ี 1 มีนาคม พ.ศ.2555 ถึงวันท่ี 30 
กันยายน พ.ศ.2555 ซ่ึงได้รับการวินิจฉัยว่ามีกระดูกสะโพกหักท่ีส่วนคอและระหว่างโทรแคนเตอร์ จ านวน 100 รายซ่ึง
ก าหนดเกณฑ์เข้าร่วมและคัดออกไว้  ผู้ ท่ีเข้าร่วมการศึกษาทุกรายได้ตอบแบบสอบถามตามเคร่ืองมือประเมินความเส่ียง
กระดูกหักและรับการตรวจค่าความหนาแน่นของมวลกระดูกบริเวณสะโพกด้วยเคร่ืองตรวจวดัมวลกระดูกก่อนรับการรักษา
ด้วยการผ่าตัด น าข้อมลูท่ีได้มาวิเคราะห์ทางสถิติ 
ผลการศึกษา: ลกัษณะข้อมลูพืน้ฐานระหว่างบริเวณกระดูกท่ีหัก อายเุฉล่ีย ดัชนีมวลกาย ไม่มีความแตกต่างอย่างมีนัยส าคัญ
ทางสถิติ ค่าความหนาแน่นของมวลกระดูกบริเวณสะโพกข้างท่ีหักมีค่าเฉล่ียสูงกว่าข้างท่ีไม่หักโดยมีความแตกต่างอย่างมี
นัยส าคัญทางสถิติเกือบทุกต าแหน่ง  และมีความแตกต่างอย่างมีนัยส าคัญทางสถิติในบางต าแหน่งเม่ือเปรียบเทียบระหว่าง
กลุ่ม ต าแหน่งท่ีหัก และเพศ  ในเพศชายไม่มีความแตกต่างอย่างมีนัยส าคัญทางสถิติค่าความหนาแน่นของมวลกระดูกทุก
ต าแหน่งเม่ือเปรียบเทียบระหว่างกลุ่มของข้างท่ีหักและข้างท่ีไม่หัก 
สรุป: ค่าความหนาแน่นของมวลกระดูกมีความแตกต่างอย่างมีนัยส าคัญทางสถิติระหว่างข้างท่ีหักและไม่หักในภาพรวม  

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

      JRCOST VOL.36 NO.1-2 January-April 2012 

   13 

   JRCOST VOL.37 NO.1 January 2013 


