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Anatomy of the Cruciate Ligaments of the Knee Joint in a Thai Population

Prasit Wongtriratanachai, MD, Nopporn Niwattananun, MD, Sattaya Rojanasathien, 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.

Methods: 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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Introduction

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®, 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®™, or a tendon from the
medial hamstring®* 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®¥ 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

Correspondence to: Wongtriratanachai P, Department of
Orthopaedics, Faculty of Medicine, Chiang Mai
University, Chiang Mai, Thailand

E-mail: prasitjo@gmail.com
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tibia;

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

Materials and Methods

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


http://www.rcost.or.th/journal

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.

Level of
— Adductor
Tubercie

Posterior Cruclate

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

Anterior Cruciate

Level of
Adductor
Tubercle

Posterlor

Cruciate
8

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) 30.5-38.7 33.1 1.8 8.1-12.1 10.0 11

By side

Right knee (n=11) 31.2-35.8 33.0 14 8.1-12.1 10.0 1.2

Left knee (n=11) 30.5-38.7 33.2 2.2 8.4-12.0 10.0 1.0

By gender

Right knee (n=12) 30.5-38.7 33.2 2.3 8.1-12.1 9.9 1.3

Left knee (n=10) 31.7-34.1 32.9 0.8 9.1-11.3 10.1 0.7
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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 (1) 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 4.2-9.0 6.0 1.6 4.4-7.6
B 0.9-8.3 3.7 2.3 1.4-6.0
C 14.1-18.9 15.8 1.4 14.4-17.2
D 13.3-20.8 16.8 2.6 14.2-19.4
E 12.1-18.5 16.3 1.6 14.7-17.9
F 0.0-4.1 1.4 1.4 0.0-2.8
G 19-38 26.3 6.2 20.1-32.5
H 10.2-14.4 12.7 1.2 11.5-13.9
I 15.0-22.8 20.0 2.1 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) 29.4-38.1 33.0 25 9.8-13.0 11.0 0.8
By side
Right knee (n=11) 29.4-38.1 32.9 2.7 10.0 13.0 11
Left knee (n=11) 29.7-36.5 33.0 2.3 9.8-12.1 10.9 0.8
By gender
Right knee (n=12) 29.4-38.1 32.7 3.2 10.2-13.0 114 0.8
Left knee (n=10) 32.0-35.0 33.3 11 9.8-11.7 10.5 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 7.5-21.8 15.6 4.1 11.5-19.7
K 0.0-11.2 6.5 3.6 2.9-10.1
L 16.0-27.4 19.7 3.6 16.1-23.3
M 0.0-5.2 1.0 1.6 (-0.6)-2.6
N 7.2-17.9 12.9 2.8 10.1-15.7
) 11.1-18.7 13.9 2.1 11.8-16.0

JRCOST VOL.37 NO.1 January 2013




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®*. The
most popular procedure is an intraarticular
procedure which provides similar biomechanics to
the natural ACL, more so than provided by
extraarticular procedures™. 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™®.
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®**¥  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™®, 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"®, 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™® 38.0 11.0 38.0 13.0
Chiang Mai 33.1 10.0 33.0 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™ 12 4 12-20 8 23 4 25 15 30
Chiang Mai 6.0 3.7 15.8 16.8 16.3 1.4 26.3 12.7 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 (0]
Girgis FG"® 23 5 32 3 15 13
Chiang Mai 15.6 6.5 19.7 1.0 12.9 13.9
Brantigan OC®*" and Palmer 1%® Conclusion

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®).

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®™.
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®®,
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®® (black).

JRCOST VOL.37 NO.1 January 2013

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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Bone Mineral Density Differences in Hip Fractures of the Elderly

Surat Songviroon, MD, MPH
Department of Orthopaedic, Maharat Nakhonratchasima Hospital, Nakhonratchasima, Thailand

Purpose: 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.

Methods: A cross-sectional study in elderly patients admitted to Maharat Nakhonratchasima Hospital between
March 1, 2012 and September 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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Introduction Gnudi et al. studied BMD in post-
Thailand’s  elderly  population  has menopausal women, and reported that the BMD

increased7 as has the preva]ence and incidence of difference was Statistica“y Significant between hlp
osteoporosis and osteopenia in both genders!”. fracture and non-fracture  (control)  groups,
Osteoporosis is the leading risk factor for fractures, intertrochanteric ~ fracture and controlled non-

mortality rate®*?, increased budget expense®?, fracture groups, but not statistically significant
decreased daily activities, and quality of life®?. between femoral neck fracture and non-fracture

The World Health Organization defines the
diagnosis of osteoporosis by bone mineral density
(BMD), determined by Dual energy X-ray
absorptiometry®>*®and uses the fracture risk
assessment tool (FRAX ®) to evaluate fracture
risk""*® There are reports that BMD is higher in
femoral neck than in intertrochanteric fractures in
all age groups“®?), but was not statistically
significant in age groups (p 0.44), in gender
between hip fracture and control groups (nhon-
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®?.
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Orthopaedic, Maharat Nakhonratchasima Hospital,
Nakhonratchasima, Thailand

E-mail: suratortho@yahoo.com
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groups®.

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.

Materials and Methods

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 March 1, 2012 to
September 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 50 years. Exclusion criteria included previous


http://www.rcost.or.th/journal
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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,

Table 1 Demographic data

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.

Data Femoral neck fracture Intertrochanteric fracture
group group
Number (Cases) 47 53
Age Range (years) 55-92 54-89
Average age + SD 743+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?) 21.2+6.2 20.5+8.3 P-value 0.6602
Mean + SD
Results

Tablel 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®. 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®. 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 Intertrochanteric fracture P-value
group group

Area Fracture | Non-fracture| Fracture | Non-fracture |(A)vs (B)| (A) vs(C) [(C) vs(D)|(B) vs (D)

side (A) side (B) side (C) side (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

11

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 Intertrochanteric fracture P-value
group group

Area Fracture Non-fracture Fracture
side (A) side (B) side (C)

Non-fracture |(A) vs (B)| (A) vs (C) [(C) vs(D)| (B) vs (D)
side (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 P-value
group
Area Fracture Non-fracture Fracture Non-fracture | (A)vs (A)vs | (C) vs | (B)vs

side (A) side (B) side (C)

side (D) (B) ©) (D) (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 0.7740.15

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 Non-fracture side Fracture side Non-fracture
(Male vs Female) (Male vs Female) (Male vs Female) (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®
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)®,

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.®® 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® 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 ®"?. 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)®. 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.
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Editorial

“The Thai Orthopaedic Society......... The Learned Society”

Pongsak Yuktanandana, MD

Department of Orthopaedics, Faculty of Medicine, Chulalongkorn University, Bangkok, Thailand

First of all, 1 would like to thank the president of the Royal College of Orthopaedic Surgeons of
Thailand, Dr. Thavat Prasartritha and the Council Members for the appointment to be editor of “The Thai
Journal of Orthopaedic Surgery”. | also would like to thank Professor Aree Tanavalee and Professor Sittisak
Honsawek for helping to form the editorial board. | am very grateful to all editorial board members who would
like to contribute their knowledge and experience to form our learned “Thai Orthopaedic Society”.

The year 2014 will mark the 50" anniversary of three university hospitals who’s Departments of
Orthopaedics separated from their Department of Surgery including: Department of Orthopaedic Surgery, Siriraj
Hospital, Department of Orthopaedics, King Chulalongkorn Memorial Hospital, and Department of
Orthopaedics, Chiangmai University Hospital. Orthopaedic residency training started a few years before that
separation. The learning society started in 1966 in Bangkok Metropolitan Administration General Hospital,
where a group of orthopaedic surgeons got together and formed Thai Orthopaedic Club which developed to
become the Royal College of Orthopaedic Surgeons of Thailand. We have had inter-hospital grand rounds,
lectures and workshops to help each other to improve our knowledge and experience to serve people in the
country for nearly fifty years.

The ASEAN region is one of the fastest growing regions in the world. By the year 2015, the ASEAN
Economic community shall be integrated to be a single market and production base, a highly competitive
economic region and equitable economic development. This economic integration will affect not only exchange
trading and labor work but also medical services across the region. Every country in ASEAN declared the
readiness to be a medical hub of the region. Thailand has the largest number of orthopaedic surgeons in the
ASEAN. Membership of the Royal College of Orthopaedic Surgeons of Thailand is approaching 2,000 members
while other countries have only a few hundred members. In the beginning era of orthopaedic practice in
Thailand, orthopaedic surgeons had to deal with everything from fracture management, spinal problems, adult
reconstruction, pediatric orthopaedics, hand and reconstructive surgery as well as musculoskeletal tumors.
Orthopaedic surgeons worked mainly in large public hospital.

Now, orthopaedic surgeons in Thailand work in various institutions including: academic institutions,
large and small public hospitals and also large numbers work in the private sector. Many orthopaedists were
certified by the Royal College and continued their fellowship in subspecialty abroad. As the future of medicine
tends towards becoming more specialized, the Thai orthopaedic society also has the largest number of
subspecialties. Many subspecialty societies are very active exchanging their knowledge, sharing their experience
and training a younger generation to become competent and proficient surgeons. It may be time that we have to
reconsider about raising training standards, improving research publications and forming a subspecialty society.
We are well prepared and ready to be a leader of orthopaedic practice in the ASEAN region. Let’s do it together.
Let’s learn together.



Does a Saline Load Test Combined with Direct Compression to the Knee Increase

Sensitivity in the Assessment of a Traumatic Open Knee Injury?

Surasit Phonglaohaphan, MD, Chonlathan Iamsumang, MD

Department of Orthopaedic Surgery, Lampang Hospital, Lampang, Thailand

Purpose: To determine whether a saline load test combined with direct compression to the knee increases
sensitivity for the assessment of traumatic arthrotomy of the knee.

Methods: A total of 40 patients scheduled for elective inpatient knee arthroscopy and total knee arthroplasty
(TKA) were prospectively enrolled. A 7 to 8 ml stab wound for arthrotomy was performed at the inferolateral
site of the knee for cases who would receive arthroscopy and at the inferomedial site for the TKA cases. Then, 50
ml of normal saline was injected into the knee joint while observing fluid leakage from the arthrotomy site. It
was considered a positive saline load test if there was any leakage. If not, subsequent direct compression was
applied to the knee. Any leakage incurred was considered a positive compression test.

Results: The saline load test was positive in 13 out of 40 patients and additional 18 patients showed a positive
compression test. The sensitivity of the saline load test was 32.5% while that of the compression test was 77.5%.
Conclusion: Additional direct compression to the knee increased the sensitivity of saline load tests in the

assessment of a small traumatic knee arthrotomy (open knee injury).

Keywords: Saline load test, traumatic knee arthrotomy, open knee injury, direct compression

The Thai Journal of Orthopaedic Surgery: 37 No.2-4: 17-21
Full text. e journal: http://www.rcost.or.th, http://thailand.digitaljournals.org/index.php/JRCOST

Introduction

Traumatic arthrotomy of the knee can be
clinically diagnosed by the mechanism of injury,
type of wound and physical examination.
Combined clinical, radiographic and saline load
tests also help achieve the diagnosis. Delayed or
missed diagnosis may result in  severe
complications such as septic arthritis or septicemia.
The saline load test is a simple method and is easily
diagnosed by evidence of saline leakage from the
wound. However, in cases of small wounds, the
diagnosis is frequently difficult. Many articles have
been published about the accuracy and sensitivity
of saline load tests to diagnose traumatic
arthrotomy of the knee®™®. Most of them indicated
that the saline load test has a low detection rate®®.
However, this method has been routinely used in
clinical practice despite insufficient literature
discussing its effectiveness. In this study, direct
compression to the knee joint after a saline
injection was performed and hypothesized that the
use of a combined method may increase sensitivity
of the diagnosis. To our knowledge, there are no
studies that describe the saline load test combined
with direct compression.

Correspondence to: Phonglaohaphan S, Department of
Orthopaedic Surgery, Lampang Hospital, Lampang
52000, Thailand

E-mail: surasitmd@gmail.com
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Patients and methods

Our study was designed as a prospective
analytical study conducted by two orthopaedists at
Lampang Hospital, from November 2012 to April
2013. Forty patients scheduled for elective
inpatient knee arthroscopy and total knee
arthroplasty (TKA) were enrolled, comprising of
22 males and 18 females. The patients’ data of sex,
age, height and weight were obtained from medical
records and their body mass index (BMI)
calculated. Exclusion criteria were history of
traumatic knee injury, clinical manifestation of
septic arthritis and revision knee surgery. This
research was approved by the Ethics Committee of
Lampang Hospital prior to data collection.
Informed consent was given by all patients who
participated in this study.

After preparation for the knee operation, a
stab wound arthrotomy was performed at the
inferolateral parapatellar site for arthroscopy and
inferomedial site for TKA, with a No.11 blade at
30-degrees of knee flexion. The length of the
incision was approximately 7-8 mm (Fig. 1) that of
which is required for operative procedure. A blunt
probe was inserted and the knee was extended, the
probe was advanced into the suprapatellar pouch to
ensure intraarticular placement (Fig. 2). After
removal of the blunt probe, the knee was placed in
full extension. Fifty ml of saline was then injected
intraarticularly via an 18-gauge needle, at the
superolateral or superomedial site, at a rate of
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approximately 5 ml per second (Fig. 3). The
surgeon and assistant observed for fluid leakage
from the arthrotomy site. If there is saline leakage,
the result was considered a positive saline load test.
In contrast, if there was no leakage, the result was
considered negative. In the latter group, further
direct compression over the upper portion of patella
was applied by the surgeon (Fig. 4). The
compression force was approximated at 5-7 kg
controlled by practicing the compression on the
baby weighing scale (Fig. 5). If there was any
leakage, the result was considered a positive
compression test, and considered a negative
compression test if there was no leakage. After
completing the test, the planned operative
procedure was performed.

Fig. 1 A standard stab wound arthrotomy at the
inferomedial site of the knee

Fig. 2 Intraarticular placement is confirmed with a
blunt probe

Fig. 3 A saline load test was performed and
observation of saline leakage from the arthrotomy

Fig. 4 Compression test on the knee and saline
leakage from the arthrotomy wound

Fig. 5 Test of compression force on electronic baby
weighing scale

THE THAI JOURNAL OF ORTHOPAEDIC SURGERY



Table 1 Patient demographic data
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Male Female Total
No. of subjects 22 18 40
Age (years) 47.5 (20-74) 61 (32-79) 53.6 (20-79)
BMI (kg/m?) 23.7 (18.0-31.0) 23.5(17.9-30.4) 23.6 (17.9-31.0)

Table 2 Saline load test and additional compression test

Total No. of No. of positive 95% Confidence
case test Sensitivity Interval
Saline load test 40 32.5% 18.6%-49.1%
Saline load test with
additional compression test 40 77.5% 61.5%-89.2%
Results saline had to be used to increase the sensitivity to

There were 40 participants: 22 male and
18 female patients. The average age was 53.6 years
(range 20-79 years) and the average BMI was 23.6
(range 17.9-31.0) as shown in table 1.

In this study, 13 of the 40 patients had a
positive saline load test alone without compression
on the knee. Eighteen additional patients had a
positive test with subsequent direct compression to
the knee. Thus, the sensitivity of the saline load test
alone was 32.5% (95% confidence interval 18.6%-
49.1%) and with the additional compression was
77.5% (95% confidence interval 61.5%-89.2%), as
demonstrated in table 2. The false-negative rate of
saline load tests and additional compression tests
were 67.5% and 22.5%, respectively.

Discussion

Large traumatic arthrotomy of the knee
can be diagnosed clinically, but small arthrotomies
may require a saline load test for diagnosis in
routine clinical practice, despite little documented
effectiveness of this test®®. In this study, we
performed small artificial arthrotomies in elective
patients that received arthroscopy and TKA
surgery. We found that the saline load test of 50 ml
had poor sensitivity in the diagnosis of known small
knee arthrotomies. The sensitivity was found to be
only 32.5% and lower than the previous studies that
have found the sensitivity to be between 36% and
46%, using 50 to 60 ml of normal saline.

This study used a fixed saline volume of
50 ml. Nevertheless, previous studies have used
higher volumes of saline to determine if the
sensitivity of saline load tests improved. Keese et
al.® found that, in order to increase the sensitivity
to 95%, 194 ml of saline had to be used. Nord et
al.® discovered that, as much as 175 ml of normal

JRCOST VOL.37 NO.2-4 April-October 2013

99%. However, this amount of normal saline cannot
be used in clinical practice because of the pain from
massive joint stretching.

Tornetta et al.”) performed dynamic tests
by subsequent passive range of motion of the knee
0 to more than 90 degrees and also found low
sensitivity of only 43%.

Metzger et al.©) in 2012, compared normal
saline (NS) and methylene blue (MB) injections
and found that the sensitivity of saline load tests
were 31% in the MB group and 34% in the NS
group. They concluded that the saline load test,
with or without the addition of MB dye, may not be
an appropriate diagnostic test for traumatic knee
arthrotomies.

In our study, additional subsequent
compression upon the knee joint was performed in
the group of negative saline load tests. We found an
improvement of sensitivity of up to 77.5%. This
could be from the increase of capsular distention by
the pressure effect, resulting in extravasation of
fluid from the incision wound. However, the
limitation of this study was that the accuracy of the
additional compression force may vary. Although
the surgeons practiced pressing on baby weighing
scales several times before starting the research for
the required weight of approximately 5-7 kg, the
force of compression in routine clinical practice
will vary depending on the individual physician,
size of the knee and tolerance of pain in each
patient.

Conclusion

Our study suggested that subsequent direct
compression to the injured knee increased
sensitivity of saline load tests in the diagnosis of
traumatic knee arthrotomies. However, a negative
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test may not be able to exclude traumatic knee
arthrotomies. We thought that increase of capsular
distention by pressure effect is the key success
factor, resulting in extravasation of fluid from the
incision wound.

Acknowledgements
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Reliability of the VDO Clip-based Goniometry Method for Measuring Range of

Motion of the Elbow

Pinkawas Kongmalai, MD, Arunwong Thepchatree, MD, Cholawish Chanlalit, MD
MSMC Hospital, Department of Orthopedics, Faculty of Medicine, Srinakarinwirot University,

Nakonnayok, Thailand

Purpose: Telemedicine is an adaptation of internet-based communication for remote patients. The video (VDO)
clip-based goniometry method is a type of telemedicine that would be useful for patients who need periodic
assessment. A previous report showed the validation of this technique but it did not verify the generalizability or
reproducibility of the technique. The purpose of this study was to determine the generalizability and
reproducibility of the VDO clip-based goniometry method for measuring the range of motion of the elbow.
Methods: Both elbow flexion and extension, and forearm pronation and supination were measured by the
specialist in elbow surgery using standard goniometer. On the same day, VDO records of 30 subjects were
performed. One week later, the VDO clips were displayed and their range of motion (ROM) was measured
using free download software (PicPick, 3.1.0) by an orthopaedic resident (to determine inter-rater/intra-method
reliability). One month later, measurements were taken again by the same specialist (to determine intra-
rater/intra-method reliability).

Results: The intraclass correlation coefficient and the Bland-Altman analysis showed the capability of VDO-clip
based goniometry and clinical goniometry by the specialist in elbow surgery and orthopaedic resident especially
in elbow extension and forearm supination. For elbow flexion and forearm pronation, the data showed that there
was some degree of correlation but not as strong as flexion and extension. The results were reproducible by the
specialist in elbow surgery even when the measurements were taken again 1 month later.

Conclusion: The VDO clip-based goniometry method for measuring the range of motion of the elbow was
reproducible by a specialist in elbow surgery. It was also shown to be possible even if the measurement was
obtained by an orthopaedic resident. This offers a great opportunity to follow the outcome assessment of patients
for whom transportation to a tertiary care center is a significant barrier.

Keywords: Elbow range of motion, measurement, telemedicine, VDO clip-based goniometry
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Introduction

With advancements in internet-based
communication, adaption to the technology for the
use in clinical assessments of patients is proving
interesting. Telemedicine, a service delivered at a
distance using this technology, has been
experiencing rapid growth with new clinical
applications and new products appearing
frequently. These services include evaluation and
treatment, as well as education, consultation, and
coordination of care. They have shown beneficial
results in neurology, psychiatry, and rehabilitation
@49 To date, few studies have investigated standard
assessment tests applied to telemedicine in
orthopaedics. Blonna et al. used photography-based
goniometry to show the accuracy and reliability of
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elbow flexion and extension®. If one photograph
was reliable to indicate the range of motion of the
elbow, the video (VDO) clip with the subject in
motion should be more reliable because the
observer can choose the proper angle to measure
from any point of movement.

Reliability in the new measurement
technique could include the parameters of
validation, generalizability and reproducibility.
Chanlalit and Kongmalai have shown that the
VDO-clip based goniometry method is technically
feasible for measuring the range of motion of the
elbow, especially for flexion and extension®. But
they did not show the inter-rater, intra-method and
intra-rater, intra-methods’ reliability. This study
was designed to investigate the inter-rater, intra-
method and intra-rater, intra-methods’ reliability to
show the generalizability and reproducibility of the
VDO-clip based goniometry method.
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Materials and Methods
Subjects

Sample size calculations (by PASS 2008)
indicated that 30 subjects were necessary to detect
greater than moderate reliability (alpha = 0.05 and
beta = 0.1)"). Fifteen women and fifteen men were
recruited from the hospital’s staff.

An exclusion criterion was that subjects
with an obvious deformity of the elbow that
precluded the use of standard goniometer.

Methods

The ranges of motion of the elbow from
VDO-clips, including flexion, extension, forearm
pronation and supination, were measured by free
download software (PicPick, 3.1.0, NTe works) by
the same landmarks as Chanlalit® (Fig. 1). For part
1, we compared the results from a specialist in
elbow surgery and an orthopaedic resident to
evaluate the generalizability (inter-rater/intra-
method reliability).

For part 2, measurements were taken again
by the specialist in elbow surgery one month later.
This result was compared with the earlier result by
the same rater to evaluate the reproducibility (intra-
rater/intra-method reliability).

Statistical analysis

The data were analyzed using Bland-
Altman analysis that defines the “limits of
agreement”. This system is based on the mean and
standard deviation of the difference between ratings
of the same subject®?. The dash line represents
the upper limit of agreement for each motion
(Javerage| + 1.96*SD). For discussion later, an
upper limit of agreement at 10 degrees is used to
accept or refuse the VDO clip-based technique
because if we used the upper limit of agreement at
15 degrees, the percentage of measurement within
this limit would be very high. In clinical practice, 5
degrees difference might not be significant.

The intra-class correlation coefficient
(ICC) two-way mixed model on absolute
agreement was used to analyze measurement
reliability™. The values of the ICC can range from
0 to 1, with a higher value indicating better
reliability. An ICC of less than 0.40 was considered
as poor; 0.40 to 0.59 as fair; 0.60 to 0.74 as good,
and 0.75 to 1.00 as excellent. In addition, the lower
and upper limit of 95% confidence interval of ICC
was calculated to provide an estimate of the
magnitude of the measurement error. Statistical
analysis was performed using the statistical
package for social sciences (SPSS) software,
version 17.0 for Window.

Fig. 1 Range of motion of elbow measurement by computer program
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Results

Sixty elbows in 30 subjects were included
in the study. The average age of subjects was 42
years old. The average weight, height and body
mass index of subjects were illustrated in table 1.

Table 1 Demographics data

. Average
Variables Male Female Overall
Age (years) 41 43 42
Weight (kg) 73 57 65
Height (cm) 176 152 164
BMI (kg/m?) | 23.6 24.7 24.2

Table 2 The ICC between measurements obtained
by VDO-based goniometry from the specialist
elbow surgeon and orthopaedic resident

Motion ICC 95% Confidence
interval
Lower Upper
limit limit
Flexion 0.517 0.304 0.680
Extension 0.719 0.570 0.822
Pronation 0.535 0.326 0.693
Supination  0.659 0.488 0.781

The ICC between measurements obtained
by VDO clip-based goniometry from the specialist

JRCOST VOL.37 NO.2-4 April-October 2013

1. Inter-rater, Intra-Method

2 Intra-rater, Intra-method

in elbow surgery and an orthopaedic resident
showed elbow extension and forearm supination as
good, fair in elbow flexion and forearm pronation
(Table 2). The percentage of range of motions
within the upper limit of agreement at 10° were
83% for elbow flexion, 95% for elbow extension
and 68-78 % for forearm rotation (Fig. 2 and Table
4).

The ICC between measurements obtained
by VDO clip-based goniometry from the specialist
in elbow surgery in a separate session showed
excellent in elbow extension and forearm
supination and good in elbow flexion and forearm
pronation (Table 3). The percentage of range of
motions within the upper limit of agreement at 10
degrees was 95% for elbow flexion, 100% for
elbow extension and 82-93% in forearm rotation
(Fig. 3 and Table 4).

Table 3 The ICC between measurements obtained
by VDO-based goniometry from a specialist elbow
surgeon in a separate session

Motion ICC 95% Confidence
interval
Lower Upper
limit limit
Flexion 0.638 0.4604 0.767
Extension 0.879 0.806 0.926
Pronation 0.645 0.469 0.772
Supination  0.762 0.631 0.851
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Table 4 The percentage of range of motions within
the upper limit of agreement at 10 degrees

Part 1 Part 2
Motion Inter-rater , Intra-rater ,
Intra-method Intra-method
Flexion 83% 95%
Extension 95% 100%
Pronation 68% 82%
Supination 78% 93%
Discussion

Part 1 is a comparison of inter-rater, intra-
method  reliability  that  determines  the
generalizability. It showed a good correlation in
elbow extension and forearm supination. Although
the others showed only fair correlation, the
percentage of range of motion within the upper
limit of 10 degrees was high. Although we could
not conclude that this technique is generalizable, it
might be possible if we could eliminate the cause of
forearm rotation measurements error as described
below.

Part 2 is a comparison of intra-rater, intra-
method reliability by a specialist in elbow surgery
in separate session. We could conclude that this
technique was reproducible because it still showed
a good to excellent outcome.

In addition, the interpretation of the
measurement angle for each motion is different.
The difference in the angle of elbow extension is
less than that of the flexion or forearm rotation.
From our results, the lower to upper limit of
variation interval for a measurement of elbow
extension was lower than elbow flexion and
forearm rotation. This would suggest the error
component of extension measurements was the
lowest and the most reliable.

The forearm rotation measurement error
could be due to many reasons. First, the
measurement error might be the position of the
camera because we used a camera in a constant
position for subjects of different heights. We should
adjust the height to be suitable with patient’s height
to correct the angle of recording for all subjects.
The second possible explanation is likely to be the
patient positioning. We did not control the shoulder
level of the subject to be the same; therefore
measurements of forearm rotation might be
influenced by external or internal rotation of the
shoulder. Patients should be positioned with their
backs against a wall; this could eliminate the
problem of shoulder rotation. These changes might
reduce the error component of forearm rotation
results.

JRCOST VOL.37 NO.2-4 April-October 2013
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Conclusion

The VDO clip-based goniometry method
for measuring the range of motion of the elbow was
reliable, generalizable and reproducible. This offers
a great opportunity to follow-up the outcome
assessments of patients for whom transportation to
a tertiary care center is a significant barrier.
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Comparison of Needle Aspiration and Arthrotomy Treatment for

Septic Knee Arthritis: A 10-year retrospective study

Chote Pawasuttikul, MD

Department of Orthopaedics, Sawanpracharak Hospital, Nakhon Sawan, Thailand

Purpose: There are many methods of treatment for septic arthritis employed nowadays; including serial needle
aspiration, arthrotomy and debridement and arthroscopic debridement. However, there is no study of
comparison between serial needle aspiration and arthrotomy treatment for septic knee arthritis. The objective of
this study was to compare the results of serial needle aspiration with arthrotomy and debridement in septic knee
arthritis patients.

Methods: Retrospective analysis of 128 cases of septic knee arthritis from January 2003 to December 2012 was
performed. The 74 septic knee arthritis patients were divided into 2 groups: group | (44) were treated with serial
needle aspiration and group Il (30) were treated with arthrotomy and debridement. Both groups were compared
by the duration of treatment and clinical results.

Results: The etiologies of septic knee arthritis were hematogenous infection 75%, traumatic articular wound
23%, hospital acquired infection 2% and no postoperative knee infection. There were significantly higher uses of
parenteral antibiotic therapy in the aspiration group compared with the arthrotomy group (P<0.04). There was
no significant difference in the number of complete recoveries the length of stay in hospital, the humber of
readmission cases due to recurrence of infection and the number of changes of management to the arthrotomy
between the two groups. However, the number of readmissions and changes of management in the aspiration
group were greater than the arthrotomy group (aspiration group 8.10% and 8.10% arthrotomy group 0% and
0% respectively).

Conclusion: In the treatment of uncomplicated septic knee arthritis, serial needle aspiration was not statistically
different form arthrotomy and debridement.

Keywords: Arthrotomy, needle aspiration, septic knee arthritis
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Introduction study was to compare the results of the serial
Septic arthritis is the most rapidly needle aspiration with arthrotomy and debridment

destructive joint disease. The most commonly in adult patients at Sawanpracharak Hospital,

affected joint is the knee, which accounts for Nakhon Sawan, Thailand.

approximately 50% of cases, and 5-20% of the

mortality rate®™. Many medical and surgical Patients and methods

treatments have been proposed: systemic antibiotic
treatment combined with serial needle aspiration,
arthrotomy  with  articular ~ debridement  or
synovectomy, arthroscopic  debridement and
arthroscopic  debridement ~ with  continuous
irrigation suction®. The indications of these
treatments are not well defined®. Some authors
suggest that aspiration should only be performed in
the early stages®. Although it has been reported
that surgical treatment for septic arthritis was not
superior to medical treatment, a comparison of two
techniques for septic knee arthritis has not been
performed®>®. The objective of this retrospective
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This study is a retrospective, descriptive
study. Medical records for septic knee arthritis
ICD-10 [International Classification of Diseases,
Tenth Revision] codes M0095 to MO0097 from
January 2003 to December 2012 were searched.
Patients aged over 15 years presenting with septic
knee arthritis were included. A knee joint was
defined as septic if a culture of the joint fluid was
positive, or if purulent material was found in the
joint. Group | was initially treated with serial
needle aspiration and group Il was initially treated
with arthrotomy and debridement. The inclusion
criteria of both groups were patients who received
treatment within 7 days form first clinical
symptoms, well controlled diabetes mellitus and
hypertension, no associated severe systemic disease
and a complete in-patient medical record.
Exclusion criteria were osteomyelitis of the distal
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femur or proximal tibia, total knee arthroplasty,
poorly  controlled diabetes  mellitus and
hypertension, associated severe systemic diseases
(rheumatoid arthritis, systemic lupus erythematosus
(SLE), human immunodeficiency virus (HIV)
infection, steroid used, old cardiovascular disease,
chronic kidney disease, chronic liver disease, heart
disease or carcinoma) and missing data.

Medical records were reviewed for age,
gender, side of knee, pre-existing joint diseases
(osteoarthritis, rheumatoid arthritis), preexisting
risk factors (diabetes mellitus, hypertension, and
systemic disease), etiology of the infection,
duration between the first clinical symptoms and
starting treatment in the hospital, blood test results
[white blood cell count, C-reactive protein (CRP),
and erythrocyte sedimentation rate (ESR)],
radiological evidence of osteoarthritis, causative
organisms, times of repeat procedures, functional
status at the time of discharge from the hospital and
duration of hospital stay.

Successful treatment was defined as
complete  resolution of the inflammatory
symptoms: pain and swollen knee had subsided,
absence of fever, decrease of ESR and CRP and
partial weight bearing with walking aids.
Unsuccessful treatment was defined as dead,
readmission and change of management from
repeated needle aspiration to arthrotomy. The
indication to switch form aspiration to arthrotomy
was no improvement of clinical signs: fever is high
48 hours after aspiration and no decrease in white
blood cell count in the last synovial fluid
examination. All patients were followed for a
minimal period of 3-6 months.

The data were analyzed by descriptive
statistical analysis; discrete data were present in
frequency and percentage and continuous data were
present in mean and standard deviation. The base
line characteristics and the results of treatment
between groups were compared by Chi square test
and Fisher’s exact test for discrete data and
Student’s t-test for continuous data with a statistic
significance at P<0.05.

Results

There were 319 septic arthritis patients
treated in Sawanpracharak hospital from January
2003 to December 2012 and 238 (75%) patients
had complete data and medical records. One
hundred and twenty eight (54%) had septic knee
arthritis and 110 patients (46%) had septic arthritis
of other joints. Of the 128 included patients, 74
were compatible with inclusion criteria, 52 were
compatible with exclusion criteria and 2 died
before any procedure was performed. The
demographic data of cases are shown in Table 1.
The etiologies of the septic knee arthritis were
hematogenous infection 75%, traumatic articular
wound 23 %, hospital acquired infection 2% and no
postoperative knee infection.

There was no statistically significant
difference in age, sex, side of knee, preexisting
diseases, white blood cell count in synovial fluid
and bacterial isolates. The comparison between the
two groups revealed that the mean symptom
duration times before treatment (days) was
significantly shorter in the aspiration group than in
the arthrotomy group (P<0.048) but the use of
parenteral antibiotic therapy was significantly
higher in the aspiration group compared to the
arthrotomy group (P<0.04). Mean ESR levels and
mean CRP levels could not been shown because of
incomplete data.

The outcome of patients with septic knee
arthritis based on treatment is shown in table 2.
There were no statistically signicant differences in
complete recovery time and the length of stay in
hospital in both groups. For the readmission due to
the recurrence of infection and change of
management to arthrotomy, there was no
statistically significant difference between both
groups. However, the number of readmissions and
changes of management to arthrotomy in aspiration
group tend to be greater than those in arthrotomy
group (aspiration group 8.10% and 8.10%
arthrotomy group 0% and 0%, respectively).

Discussion

Successful treatment of a septic arthritis is
the removal of purulent material form the joint
either surgically or by serial needle aspiration.
There is still controversy over which mode of
drainage should be performed®. If initially treated
with needle aspiration the vast majority of the
purulent fluid can be removed if a joint infection is
easily accessible, and repeated needle aspiration
for recurrent joint effusions has been used with
success during the first 7 days of treatment®.
Therefore, this study set an inclusion criterion
timing of seven days.

The infection staging by Géchter was most
commonly used®. Stage I-111 infections should be
treated with arthroscopic joint decompression with
irrigation and debridement, for stage IV infections,
arthrotomy is suggested®'®™V. This study did not
identify the infection staging because most cases
were treated under emergency conditions where the
arthroscopic setting is not available. The choice of
treatment was influenced by the overall health of
the patients including comorbidities. The present
study excluded cases with comorbidities for the
comparative homogenous group of patients.

In the previous studies on the outcomes of
the treatment of septic knee arthritis®**?, patients
were heterogenous and immediate results at the
time of discharge (length of stay and functional
score) and long term results (osteoarthritis) were
usually reported. This study sets exclusion criteria
for homogenous of the patients and evaluated both
immediate and intermediate outcomes
(readmission).
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The results of the previous study, which
directly compared the outcome of native joint
septic arthritis in patients treated by arthrotomy and
serial needle aspiration showed no significant
difference™®. The results of the present study, of
only septic knee arthritis, also showed no
statistically significant difference in length of stay,
the number of complete recoveries and the number
of deaths, but when compared with the number of
readmissions and the number of changes form
aspiration to arthrotomy between two groups, the

31

aspiration group was more likely to have a poor
outcome. Nevertheless, these differences did not
reach statistical significance.

The weakness of this study is that it is not
a non-randomized controlled trial study and it has
some limitations (a small number of cases,
incomplete data for evaluated outcome by Bussiere
functional score, or Lysholm scoring system)®?. A
prospective randomized controlled trial will be
needed for further studies.

Table 1 Demographic data of septic knee arthritis patients

Characteristics Aspiration | Arthrotomy | P-value
(n=44) (n=30)

Age (years ), mean (SD) 63.3 (11.8) 56.9 (15.9) 0.085

Sex: Male (%) 25 (56.8%) 15 (50.0%) 0.320
Female (%) 19 (43.2%) 15 (50.0%)

Symptom duration before treatment (days) 3.9 (2.9) 5.4 (2.7) 0.048*

Side : Right 20 14 0.34
Left 18 14
Both 8 2

Preexisting disease 0.075
None 8 6
Osteoarthritis 17 11
Hypertension 12 3
Diabetes 4 2
Others: urinary tract infection, peptic ulcer, dyslipidemia, 10 10

asthma, gouty arthritis, chronic obstructive pulmonary disease,

glucose-6-phosphate dehydrogenase deficiency

White blood cell count in synovial fluid, mean (SD) 67,149.69 62,568.5 0.537

(25,269.5) (30,498.6)

Bacterial isolates (%) 0.20
Staphylococcus aureus sensitive to methicillin 13 (29.5%) 10 (33.3%)
Staphylococcus aureus resistance to methicillin 3 (0.06%) 1 (3.3%)
Streptococcus 5 (11.4%) 4 (13.3%)

Gram negative pathogens 2 (0.05%) 3 (10.0%)
Mixed bacterial infection 5 (11.4%) 2 (6.6%)
No bacterial growth 16 (47.6%) 10 (33.3%)
Antibiotic therapy : 1 regimen (cefazolin or ceftriaxone) 31 24 0.04*
2" regimen (combine two antibiotics) 13 6
Table 2 Outcome of septic knee arthritis patients based on treatment
Outcome Aspiration (n=44) | Arthrotomy (n=30) P-value

Length of stay, mean (SD) 10.5(5.8) 12.5(7.6) 0.62

Complete recovery (%) 32 (43.2%) 27 (36.5%) 0.084

Readmission (%) 6 (8.1%) (0%) 0.075

Change form aspiration to arthrotomy (%) 6 (8.1%) (0%) 0.075

Death (%) 5 (6.8%) 3(4.1%) 0.584
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Conclusion

By comparing serial needle aspiration and
arthrotomy and debridement in the treatment of
septic knee arthritis in uncomplicated patients, there
was no significant difference in the number of
complete recoveries, the length of stay in hospital,
number of readmissions, number of changes of
treatment and mortality rate.
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Comparison between Open Reduction and Internal Fixation and Minimally

Invasive Plate Osteosynthesis for Treatment of Distal Tibia Fractures
Nuttaphan Kiriwichian, MD

Division of Orthopaedics, Nakhonpathom Hospital, Nakhonpathom, Thailand

Purpose: To compare the results of distal tibia fractures treated by open reduction and internal fixation (ORIF)
with minimally invasive plate osteosynthesis (MIPO).

Methods: A prospective randomized controlled study of 36 patients with distal tibia fractures (Type A, AO/OTA
classification) in Nakhonpathom Hospital from May, 2011 to February, 2013. These patients were diagnosed as
closed fracture or open fracture grade | by Gustilo classification. Twenty one were treated by ORIF and fifteen
were treated by MIPO using distal tibia locking plate. The operating time, bone union time, rates of superficial
infection, rates of malunion and delayed union, and functional outcome according to Teeny and Wiss criteria
were analyzed at a 6-month follow-up.

Results: Operating time, bone union time, functional outcome, rates of superficial infection were not
significantly different between both groups. No malunion and delayed union were observed in either group.
Conclusion: The results of distal tibia fractures treated by ORIF with MIPO were not significantly different.

Keywords: Distal tibia fractures, ORIF, MIPO, infection rate, functional outcome
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Introduction

The treatment of a distal tibia fracture is
still challenging because of high complication rates
such as soft tissue problems, infection,
osteomyelitis, delayed union, malunion and
secondary osteoarthritis of the ankle.

According to the classification of distal
tibia fracture (AO/OTA)®, there are three types:

Type A: Extra-articular distal tibia fracture

Type B: Partial articular fracture

Type C: Complete metaphyseal fracture
with articular involvement

The distal tibia fractures have been treated
by a variety of methods, including plaster
immobilization, traction, open reduction and
internal fixation (ORIF) with plates, closed
intramedullary, minimally invasive plate
osteosynthesis (MIPO), and external fixation.

Ruedi and Allgower reported good to
excellent results in 70 of 75 distal tibia fractured
patients treated by open reduction and internal
fixation with plates in 1960-1970?.

MIPO technique was a new technique and
used biological fixation principle®®. The indications
were periarticular fracture, metaphyseal fracture,
diaphyseal fracture where intramedullary nailing
was not indicated®®,

Correspondence to: Kiriwichian N, Division of
Orthopaedics, Nakhonpathom Hospital, Nakhonpathom,
Thailand

E-mail: nuttaphan_nph@hotmail.com
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Helfet et al. reported the results of distal
tibia fractures treated by MIPO®. There was no
loss of fixation or evidence of hardware fracture.
Twenty distal tibia fractures were union but delayed
union, deformity, and superficial cellulitis were
reported.

The objective of this study was to compare
the results of distal tibia fractures treated by ORIF
and MIPO in Nakhonpathom Hospital.

Patients and Methods

A prospective randomized controlled study
compared 36 patients with extra-articular distal
tibia fracture (type A, AO/OTA classification) in
Nakhonpathom Hospital from May, 2011 to
February, 2013. The study was approved by the
ethical committee of Nakhonpathom Hospital.
These patients were diagnosed with a closed
fracture or open fracture grade | by Gustilo
classification. Twenty one distal tibia fractures were
treated by ORIF and fifteen were treated by MIPO.
The associated injury, routine pre-anesthetic
investigation, standard anteroposterior and lateral
radiographs of the ankle joint which included the
tibia were recorded (Fig. 1).

Closed fractures or open fractures of distal
tibia grade | by Gustilo classification (type Al, A2,
A3, AO/OTA classification) were included in this
study. Patients with distal tibia fractures (type B, C,
AO/OTA classification), open fractures of the distal
tibia grade Il and Il by Gustilo classification,
multiple fractures, uncontrolled diabetes or vascular
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diseases were excluded. Informed consent was
obtained from the patients.

The patients with closed fracture were
treated by anti-edema drug for 5-7 days until the
skin was wrinkled. Preoperative antibiotics (first-
generation cephalosporin) were administered 30
minutes before the operation.

The patients with an open fracture were
debrided in the first operation and initially
stabilized with a long leg slab. Postoperative
management included anti-edema drug and first
generation cephalosporin for 5-7 days until they no
longer had symptoms and signs of infection. Then
the second operation was performed.

A B

Fig.1 A 40-year-old man who sustained an
injury from a motorcycle accident with an extra
articular  distal tibia fracture. Preoperative
anteroposterior (A) and lateral (B) radiographs

Surgical technique

Under a tourniquet, the fibula was fixed
firstly by open reduction and internal fixation with
a one-third tubular plate and followed by the tibia.

In ORIF group, the standard anteromedial
approach was performed. The distal tibia fracture
was fixed to a distal tibia locking plate with at least
3 screws for each main fragment. On postoperative
dayl, the patient was allowed to move ankle joint
without support, and ambulation with crutches in
day 2. Weight bearing was protected.

In MIPO group, the patient was supine on
the radiolucent operative table. An indirect
reduction technique was carried out and alignment
checked by fluoroscopy (Fig. 2). A distal incision
was performed at the medial site of the distal tibia.
The saphenous vein and nerve were identified. A
proximal incision was made under fluoroscope for
at least 3 screws in the proximal fragment. A
subcutaneous extraperiosteal tunnel was created and
follow by the insertion of a plate from the distal to
proximal incision®**”. The locking plate position
was checked until proper positioning was achieved.
Locking screws were inserted with at least 3 screws
in the proximal and 3 screws in the distal fragments

(Fig. 3). The postoperative program was the same
as the ORIF group.

Fig. 2 The indirect reduction technique was
completed and alignment checked by fluoroscopy

Fig. 3 The distal tibia fracture was stabilized with a
locking compression plate by MIPO technique

A B

Fig. 4 Postoperative anteroposterior (A) and lateral
(B) radiographs at 3 months demonstrated complete
bone healing
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The patient was scheduled for follow-ups
every 4 weeks until the fracture united. Wound
condition and range of motion of ankle were
evaluated and a radiograph of distal tibia was taken.
Fracture healing was defined as radiological
evidence of bridging mature callus at least three
cortices as seen in both anteroposterior and lateral
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radiographs (Fig. 4). The functional outcome was
evaluated with the clinical rating system for the
ankle by Teeny and Wiss criteria“? at a 6 months
follow-up (Table 1). All patients took calcium
1,250 mg/day and alfacalcidol 0.25 pg/day. The
data were analyzed by the Mann-Whitney U-test
and Fisher’s exact test.

Table 1 Teeny and Wiss criteria (symptoms and functional evaluation of ankle)

Parameters

Points

1. Pain

a) No pain, including long walks, running or sports. 50
b) Slight or occasional pain, pain after long walk or sports, or mild pain at end of day. 45
c) Mild pain with walking or running, but no change in activities of daily living.
May have some pain going up or down stairs or walking on uneven ground. May 40
require non-narcotic pain medicine several times a week.
d) Mild-moderate pain, tolerable, but requires some concessions to pain. May 30
required daily non-narcotic pain medicine. No night pain.
e) Moderate pain. Definite change in activities of daily living, pain at rest or at 20
night, despite restriction of activities. Occasional weak narcotic needed.
f)  Continuous pain, regardless of activities, most often not relieved with non- 10
narcotic medication. Dependent on narcotic pain medicine for significant pain

relief. Severe limitations of activities.

g) Disabled because of pain. Constant pain, no relief with medicines. 0
2. Distance
a) Unlimited 8
b) Limited, but greater than 6 blocks 6
c) 4-6 blocks 4
d) 1-3 blocks 2
e) Indoors only 1
f) Bed-chair, or unable to walk. 0
3. Supports or Orthosis
a) None 8
b) Soft wrap needed for long walk 7
c) Cane or orthosis, only for long walks 6
d) Cane, single crutch or orthosis full time 4
e) Two canes or two crutches 2
f)  Walker or unable to walk 0
4. Running
a) Unlimited, as such as desired 5
b) Limited, but able to run 3
c) Unabletorun 0
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Toe raising

a)
b)

c)

Able to raise on toes x 10 repetitions
Able to raise on toes x 5 repetitions

Able to raise on toes x 1 repetitions

d) Unable to raise on toes
6. Hills (up or down)

a) Up and down normally

7. Stairs (up or down)
a) Climbs and descends normally
b) Needs banister

8. Limp
a) None
b) Only when fatigued
c) Slight, constant
d) Moderate, constant
e) Marked

9. Swelling

a) None

d) Marked

10. Plantar range of motion
a) Greater than 30°
b) Greater than 10°

11. Dorsal range of mation

a) Greater than or equal to 15’

b) Climbs and /or descends with foot externally rotated
c) Climbs and/or descends on toes or by side stepping

d) Unable to climb and/or descend hills

c) Steps down and/or up with normal foot only 1

b) Only in the evening or after walking

¢) Constant, mild (less than 1 cm difference around calf)

c) Lessthan 10’, or presence of equines contracture 0

b) Greater than or equal to 10, less than 15

c) Greater than or equal to 0’, less than 10’

o N B O w o B N W o B W O

o P N W

Results

There were 36 distal tibia fractures with 30
closed fractures and 6 open fractures grade 1 by
Gustilo classification. There were 18 males and 18
females.

There were 21 patients in the ORIF group.
There were 12 males (57.0%), 9 females (43.0%)
and 15 close fractures (71.0%), 6 open fractures

(29.0%). The mean age was 48.5 years (range 30-66
years). The superficial wound infection rate was
28.6% (6 in 21).

There were 15 patients in the MIPO group.
There were 6 males (40.0%), 9 female (60.0%) and
15 close fractures (100%). The mean age was 41.2
years (range 17-71 years). The superficial wound
infection rate was 6.7% (1 in 15).
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Table 2 Clinical outcomes between ORIF and MIPO for treatment of distal tibia fractures

Results ORIF group (n=21) MIPO group (n=15) Z P-value*
Mean (SD) Min Max | Mean (SD) | Min Max

Operating Time 70.7 (9.3) 60.0 90.0 73.0(15.2) | 60.0 | 100.0 | 0.00 1.00

(minutes)

Bone Union Time 12.3(2.0) 10.0 14.0 13.2 (1.7) 10.0 140 | -141 0.16

(weeks)

Teeny and Wiss 90.7 (5.0) 83.0 96.0 93.4(1.4) 92.0 95.0 | -0.59 0.55

Score

*Mann-Whitney U-test

Malunion and delayed union were not
found in either group. The clinical outcomes
between ORIF and MIPO for treatment of distal
tibia fractures are displayed in table 2.

Comparing the operating time, the MIPO
group was not significantly different to the ORIF
group (Mann-Whitney U-test, P=1.00).

Comparing the bony union time, the MIPO
group was not significantly different to the ORIF
group (Mann-Whitney U-test, P=0.16).

Comparing the functional outcome by the
clinical rating system for the ankle (Teeny and Wiss
criteria), the MIPO group was not significantly
different to the ORIF group (Mann-Whitney U-test,
P=0.55).

Comparing the superficial wound infection
rate, the MIPO group was not significantly different
to the ORIF group (Fisher's exact test P=0.20, odd
ratio=5.6, 95% CI: 0.60-52.54).

Discussion

The goals of treatment of a distal tibia
fracture are anatomical articular reduction,
restoration of axial alignment, maintenance of joint
stability, achievement of fracture union, pain free
weight baring and motion, and no wound
complications.

The treatment plan in a distal tibia fracture
depends on fracture pattern, soft tissue injury,
patient co-morbidity, fixation resources, and
surgical experience.

The main disadvantage of ORIF for the
distal tibia fracture is wound complication. Yih-
Shiunn Lee et al. reported a superficial infection
rate of 12.2% and malunion of 2% in distal tibia
fracture treatment by ORIF technique™®. However,
this study showed that the superficial infection rate
was higher (28.6%) and malunion rate was lower
(0%) than the previous study. Superficial infections
occurred in open fractures or high soft tissue
injuries and was treated with oral antibiotics.

MIPO has gained popularity in treatment
of long bone fractures. This biological fixation was
a physiologic process of bone healing and oPtimaIIy
with minimal amount of soft tissue injury'*?. The
indirect  reduction  principle of MIPO was
reposition and realigning by manipulation at a
distance away from the fracture site, preserving soft

JRCOST VOL.37 NO.2-4 April-October 2013

tissue (indirect induction technique), leaving
comminuted out of the mechanical construct, while
preserving their blood supply, using low elastic
modulus, biocompatible materials, limited operative
exposure.

Mahajan reported the MIPO technique in
20 patients with distal tibia fractures, 14 excellent,
4 good, and 2 fair results™. Two patients had
superficial wound infection. However, our study
demonstrated that the superficial infection rate was
lower (6.7%) than the previous study. Good
preparation of soft tissue in preoperative program
can reduce superficial wound infection.

Webb et al. reported that functional
outcomes following minimally invasive locking
plate osteosynthesis in distal tibia fractures did not
significantly differ from that of the general
population®™®. In our study, the MIPO group did not
have better functional outcome than the ORIF
group. A lower infection rate in the MIPO group
was not related to a good functional outcome. The
superficial infection rate did not affect bone union
time.

In our study, the operating time, bone
union time, functional outcome and superficial
infection rate were not significant difference in
either group. One of the factors is, because, we do
both techniques by caring of the soft tissue and not
striping the periosteum unnecessarily, so we can
avoid complications as a result of poor tissue
handling. On the other hand, MIPO used indirect
reduction under fluoroscopy. The disadvantage of
MIPO is more radiation exposure to the operating
team compared with ORIF. However, the advantage
of MIPO is soft tissue preservation under treatment
with skillful surgeons and may lower the risk of
radiation exposure and avoid unfavorable results.
Although this study had a small number of cases, a
further study with a larger population will be
required to obtain more information.

Conclusion

The present study demonstrated that
patients treated by MIPO technique did not have
better outcomes than patients treated by ORIF
technique. MIPO was an alternative for the
treatment of a distal tibia fracture.
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Prevalence and Conditions Associated with Neuropathic Pain in Orthopaedic

Patients of Bangkok Metropolitan Administration General Hospital

Somkiat Yongyingsakthaworn, MD, Natcha Kulsiriitthikorn, BNS

Department of Orthopedics, Bangkok Metropolitan Administration General Hospital, Bangkok, Thailand

Purpose: Neuropathic pain results from a primary lesion or dysfunction in the nervous system. Diagnosing
neuropathic pain can be difficult, however, this condition is common in clinical practice. There is limited
information on the prevalence of neuropathic pain in the Thai orthopaedic departments. The objective of this
study was to investigate the prevalence of neuropathic pain and association factors in the orthopaedic out-patient
clinic, Bangkok Metropolitan Administration (BMA) Hospital.

Methods: A cross-sectional study of 400 patients attending the orthopaedic out-patient clinic, BMA hospital was
conducted. The Thai DN4 questionnaire was used for the diagnosis of neuropathic pain. Main diagnosis and co-
morbidities were recorded. Descriptive statistics were used to provide the basic information. The Chi-square test
was applied for the association and binary logistic regression was used for multivariate analysis.

Results: The prevalence of neuropathic pain was 22.3%. The missed diagnosis rate was found to be 16.2%.
There was statistically significant association between neuropathic pain and nerve entrapment. The most common
symptoms used in practice by physicians for the diagnosis of neuropathic pain were reported as tingling (92.1%),
pins and needles (78.7%) and numbness (70.8%) in this study.

Conclusion: This study demonstrated a need to increase awareness of neuropathic pain in orthopaedic out-
patient clinics. Health care providers should promote the DN4 questionnaire to diagnose neuropathic pain in

clinical practice.

Keywords: Neuropathic Pain, orthopaedic, out-patient clinic
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Introduction

Neuropathic pain can be defined as "pain
initiated or caused by a primary lesion or
dysfunction in the nervous system"®. In clinical
practice, neuropathic pain can be found in many
conditions such as traumatic  conditions,
neurological diseases, post-operative conditions and
cancer. The prevalence of neuropathic pain has
been reported differently ranging from 6.8-48.0%
depending on where the studies were performed and
the associated conditions. Most of the studies were
performed outside of Thailand. There is limited
information on the study of the prevalence of
neuropathic pain in the Thai orthopaedic
department. Diagnosing neuropathic pain can be
difficult, however, this condition is common in
clinical  practice®®.  Under-evaluation  and
inadequate treatment results in a low quality of
life®. The prevalence of neuropathic pain and its
association factors in the orthopaedic department
are important information to improve awareness
and the efficacy of treatment.

Correspondence to: Yongyingsakthaworn S, Department
of  Orthopedic  Surgery, Bangkok Metropolitan
Administration General Hospital, Bangkok, Thailand
E-mail: somkiatsi34@yahoo.com
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Patients and methods

This cross-sectional descriptive study was
conducted in the Department of Orthopaedics,
Bangkok Metropolitan Administration General
Hospital in December 2012. The present study was
approved by the Ethical Committee of Bangkok
Institution. The sample size estimation was
calculated using the prevalence of 10% from the
literature. The sample size required can be
calculated according to the following formula:

n= Zj/ZP(l— P)
d 2
n = Sample size
P = The expected prevalence value from literature
reviews (0.1)
d = Acceptable margin of error (0.03)

Z,,=Area under normal curve corresponding to
the 95% confidence level (1.96)

For a prevalence study, 385 participants
were needed. Four hundred out-patient participants
from the orthopaedic clinic were recruited in office
hours (Monday to Friday, 9.00-16.00) by simple
random sampling generated from a computer. All
patients signed an informed consent form prior to
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their participation in the study. Inclusion criteria
were all patients who were aged above 18 years old
and willing to be completely interviewed and
examined. Exclusion criteria were psychiatric
disorder and reattending patients. Data collection
[Patients’ demographic profiles, history of recent
surgery, history of co-existing medical diseases and
the Thai version of the DN4 questionnaire
(interview part)] was performed by an orthopaedic
nurse. The patients underwent a regular physical
examination, diagnosis, and treatment by a
randomized orthopaedic surgeon. Then, an
orthopaedic nurse collected the data [main
diagnosis and the DN4 questionnaire (physical
examination part)]. After all the data were
collected, neuropathic pain was diagnosed by a
score equal or more than 4 in the Thai version of
the DN4 questionnaire. This questionnaire was
passed through systematic translation and
validation processes™ 2.

Statistical analysis

The quantitative data were analysed by the
mean values and standard deviation. Chi-square

Table 1 Characteristics of participants (h = 400)

was used to test the association between two
qualitative variables. Binary logistic regression was
used for the analysis of multivariate data. The level
of statistical significance was set at P<0.05.

Results

In December 2012, 3,932 patients attended
the orthopaedic out-patient clinic, BMA hospital.
Four hundred patients were included. One hundred
and forty one (35.3%) were male and 259 (64.8%)
were female. The demographic data are shown in
table 1. The prevalence of neuropathic pain was
22.3% and missed diagnosis was found to be
16.2%. Most of the main diagnoses were
myofascial pain, degenerative disease and nerve
entrapment conditions accounting for 24.8%, 23.0%
and 19.8%, respectively. Tingling (92.1%), pins
and needles (78.7%), and numbness (70.8%) were
the most common symptoms of neuropathic pain.
Neuropathic pain characteristics are shown in table
2. The associated condition for neuropathic pain
was nerve entrapment as shown in table 3.

Neuropathic pain
(n=89)

No Neuropathic Pain
(n=311)

58.1+11.6 (19t0 88) | 57.4+14.8 (19 to 89)

Age* (years)

Sex Female 56 (62.9%) 203 (65.3%)
Male 33 (37.1%) 108 (34.7%)

Weight*(kg) 62.6+11.5 (39 to 98) 62.9+12.0 (35 to 99)

Height*(cm) 158.7+7.6 (140 to 171) | 157.3+9.1 (135 to 180)

Main diagnosis ~ Traumatic condition (i.e. fracture, tissue injury) 4 (1.0%) 44 (11.0%)
Post-surgical condition  (only orthopaedic surgery) 14 (3.5%) 25 (6.3%)
Tendinitis disease (i.e. tenosynovitis) 6 (1.5%) 47 (11.8%)
Inflammatory disease  (i.e. RA, gout) 1 (0.3%) 9 (2.3%)
Myofascial pain 37 (9.3%) 62 (15.5%)
Nerve entrapment (i.e. CTS, spinal stenosis) 54 (13.5%) 25 (6.3%)
Degenerative disease (i.e. osteoarthritis)
Pain more than 6 wks 2 (0.5%) 12 (3.0%)
Pain less than 6 wks 10 (2.5%) 68 (17.0%)

Comorbidities Hypertension 19 (4.8%) 71 (17.8%)
Diabetes mellitus 18 (4.5%) 33 (8.3%)
Dyslipidemia 4 (1.0%) 32 (8.0%)
Others 63 (15.8%) 245 (61.3%)

*The values are given as the mean + SD with the range
CTS carpal tunnel syndrome, RA rheumatoid arthritis
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Characteristics of pain n %

Burning 60 67.4
Painful cold 22 24.7
Electric shocks 49 55.1
Tingling 82 92.1
Pins and needles 70 78.7
Numbness 63 70.8
Itching 19 21.4
Hypoesthesia to touch 30 33.7
Hypoesthesia to prick 25 28.1
Brushing 13 14.6

Table 3 Associated conditions for neuropathic pain

Univariate Analysis Multivariate Analysis

OR (95%ClI) P-value OR (95%CI) P-value
Traumatic condition 0.2 (0.1-0.3) 0.01*
Post surgical condition 2.2 (1.1-4.5) 0.02* 2.3(1.0-5.5) 0.05
Tendinitis 0.2 (0.1-0.3) 0.001*
Inflammatory disease 1.4 (0.5-3.1) 0.34
Myofascial pain 0.3 (0.1-0.6) 0.001*
Nerve entrapment 17.0 (9.6-29.9) 0.001* 15.6 (8.5-28.6) 0.001*
Degenerative disease 0.5 (0.2-0.9) 0.015*
Hypertension 0.9 (0.5-1.6) 0.76
Diabetes mellitus 2.6 (1.4-4.8) 0.002*
Dyslipidemia 0.3 (0.1-0.7) 0.003*

ClI confidence interval, OR odds ratio
* Indicates statistically significant

... Indicates not statistically significant in multivariate analysis

Discussion

The prevalence of neuropathic pain has
been reported differently depending on where
studies were performed and the associated
conditions. The prevalence of neuropathic pain in
the general population was found to be 6.8-8.2% in
European countries™®. There is little information on
the prevalence of neuropathic pain in the Thai
orthopaedic department. Neuropathic pain was
reported at the Siriraj pain clinic to be 37.8-
48.0%". The prevalence of neuropathic pain was
reported to be 36% in cancer patients, 10-15% in
patients with postherpetic neuralgia, 13-38% in
patients with spinal cord injury, 20% in post
mastectomy syndrome patients and 16-26% in
diabetic patients®>?%. This study reported 22.3% of
patients had neuropathic pain and 16.2% were
considered a missed diagnosis of this condition in
the orthopaedic out-patient clinic. The patients in
this study reported tingling (92.1%), pins and
needles (78.7%) and numbness (70.8%) as the most

JRCOST VOL.37 NO.2-4 April-October 2013

common symptoms of neuropathic pain which can
be used by physicians for the early detection of
neuropathic pain. Univariate analysis of the
associated factors for neuropathic pain was found
statistically significant with traumatic conditions,
post-surgical,  tendinitis  disease, = muscular-
myofascial pain, degenerative conditions, nerve
entrapment  condition, diabetes mellitus and
dyslipidemia. In multivariate analysis, we showed
nerve entrapment conditions were the only
statistically significant factors associated with
neuropathic pain. The sample size was formulated
for a prevalence study but 400 participants were
sufficient for association analysis. The limitation of
this study is that it is cross-sectional in design and
therefore cannot establish the causal relationship.

Conclusion

Neuropathic pain is a common condition
in orthopaedic out-patient clinics. The present study
emphasised on increase awareness of neuropathic
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pain in an orthopaedic out-patient clinic. Health
care providers should promote the DN4
questionnaire to diagnose neuropathic pain in
clinical practice.
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Effect of Surgeon Handedness on Coronal Alignment in Total Knee Arthroplasty

Opas Chaiyamahapruek, MD

Department of Orthopaedic Surgery, Samutsakhon Hospital, Samutsakhon, Thailand

Purpose: To study the effect of surgeon handedness by comparing coronal alignment in total knee arthroplasty
(TKA) between left and right sides.

Methods: This study retrospectively reviewed the medical records and knee radiographs of patients who
underwent total knee arthroplasty using conventional techniques from 2010 to 2012. There were 49 right knees
and 47 left knees in 78 patients. The knee radiographs taken before and after surgery were used to measure the
tibiofemoral angle and the coronal alignment of the femoral and tibial components. A value within the optimum
+3° was defined as “acceptable” and a value over the optimum £3° was defined as an “outlier”.

Results: The postoperative tibiofemoral angle showed outliers in 7 right TKAs and 11 left TKAs. The coronal
alignment of the femoral component showed outliers in 9 right TKAs and 7 left TKAs. The coronal alignment of
the tibial component showed outliers in 2 right TKAs and 10 left TKAs. There was a significant difference in the
outliers of coronal alignment of the tibial component between right and left TKAs.

Conclusion: Surgeon handedness affects the coronal alignment of the tibial component. There were more
outliers of the coronal alignment of the tibial component in left knees when performed by right-handed surgeons.

Keywords: Surgeon handedness, coronal knee alignment, total knee arthroplasty
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Introduction

Currently, total knee arthroplasty (TKA) is
a common procedure which is increasingly
performed in Thailand. The survival and functional
outcomes of TKAs are related to the alignment™®?,
Malalignment may cause pain, a limited range of
motion, joint instability, wear of the polyethylene
liner and prosthesis loosening®*®. Numerous
general surgical literatures had documented the
effect of handedness on operative psychomotor
performance®®.  In  orthopaedic  surgery,
handedness and laterality play a larger role but few
orthopaedic literatures mention handedness and
laterality as a major factor affecting outcomes. In
2007, Mehta and Lotke® reported that right TKAs
had a better functional outcome at the 1 year follow
up than left TKAs performed by a right-handed
surgeon.

However, there has been no report
showing the effect of surgeon handedness on the
coronal alignment of TKAs. Therefore, the purpose
of this study was to evaluate the effect of surgeon
handedness by comparing coronal alignment
between right TKAs and left TKAs. We
hypothesized that right TKAs had a more optimal
coronal alignment than left TKAs when performed
by right-handed surgeons.

Correspondence to: Chaiyamahapruek O, Department of
Orthopaedic Surgery, Samutsakhon Hospital,
Samutsakhon 74000, Thailand
E-mail: opaspmk@yahoo.com
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Patients and methods

The medical records and the knee
radiographs of every patient treated with total knee
arthroplasty from January 2010 to December 2012
in Samutsakhon Hospital were reviewed. All
operations were performed by the same right-
handed surgeon team. Conventional intramedullary
femoral and extramedullary tibial guiding systems
were used in all cases. Exclusion criteria were
revision total knee arthroplasty, unicondylar
arthroplasty, extra-articular deformity and loss of
the medical records or the radiographs. The
parameters used included gender, age, body mass
index, operative time, complication, pre- and
postoperative tibiofemoral angle and the coronal
alignment of the femoral and tibial components. All
patient data were categorized based on the side of
procedure. This study was approved by the ethical
committee of Samutsakhon Hospital.

Surgical technique

The surgeon performed the procedure
standing on the side of the knee to be operated on.
The patient was in a supine position. The operation
was carried out through a midline incision via a
medial parapatella approach. The patients who
underwent total knee arthroplasty used cemented
mobile-bearings, PS design (e.motion® PS, B
Braun, Aesculap, Tuttlingen, Germany) under gap
technique and cemented fixed bearings, PS design
(Nexgen LPS, Zimmer, Warsaw, United States)
under measure resection technique. Conventional
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intramedullary femoral and extramedullary tibial
guiding systems were used in all cases. The
posterior cruciate ligament was sacrificed in all
cases. The femoral component was aligned to 6° of
valgus using an intramedullary guide inserted just
medial to the trochlea groove, approximately 1 cm
anterior to the femoral insertion of the posterior
cruciate ligament. A proximal tibial cut was set
perpendicular to the mechanical axis of the tibia.
All patellae were not resurfaced. All implants were
fixed with a cemented technique. Operations were
performed by 3 general orthopaedic surgeons. They
had, on average, 5 years’ experience in TKA.

Radiological measurements

The pre- and postoperative standardized
weight-bearing anteroposterior knee radiographs
were reviewed and the angles were manually
measured by a goniometer. The weight-bearing
anteroposterior knee radiograph used an 11x14 inch
film with the knee in full extention. The tube-to-
film distance was 100 cm with usual exposure
setting of 50 kV and 3.2 mA. All radiographs were
obtained with the same technique and standard
position. Before measurements were taken, all
radiographs were blinded for patient identity and
side, and then were evaluated by three individuals
who did not know about the details of this study.
The mean of each parameter were recorded and
used for evaluation in the study.

The tibiofemoral angle was formed by the
intersection of the line of the proximal shaft of the
tibia and a line through the femoral midcondylar
point and the center of the distal femoral shaft.

The coronal alignment of the femoral
component was measured as the angle between the
femoral shaft and transcondylar line of the femoral
component.

The coronal alignment of the tibial
component was measured as the angle between the
mechanical axis of the tibia and the tibial base plate

(Fig. 1).

Fig. 1 Measurement of component alignment in the
coronal plane; a, the coronal alignment of the
femoral component; B, the coronal alignment of the
tibial component

A value of parameters within the optimum
+3° was defined as “acceptable” and a value over
the optimum £3° was defined as an “outlier”.

Statistical analysis

Analysis of the data was performed using
the statistical package for social sciences (SPSS)
software, version 11.5 (SPSS Inc., Chicago,
Ilinois). The continuous variables between the two
groups were compared using an independent
sample t-test. The categorical variables between the
two groups were compared using Pearson Chi-
square and Fisher’s exact test. Statistical
significance was considered when the P-value was
< 0.05. The inter-observer reliability was analyzed
using level of agreement and a 95% limit of
agreement (Bland and Altman, 1986).

The sample size calculation was based
on an alpha error of 0.05, a beta error of 0.2, the
probability to have outlier in right TKAs was 5%
and the expected outlier in left TKAs was 25%. The
overall sample size was 38 patients per group (N =
[2(Z,+25)° P(L-P)/(P1-P2)?).

Results

There were 31 right TKAs and 29 left
TKAs and 18 bilateral TKAs of 78 patients with a
mean age of 63.1 years (ranging from 50-77 years).
The age, number of cases, body mass index,
operative time, preoperative tibiofemoral angle and
the prosthesis design of the two groups were not
statistically significant. Cemented mobile-bearings,
PS design (e.motion® PS, B Braun, Aesculap,
Tuttlingen, Germany) were used in 23 right TKAs
and 22 left TKAs. Cemented fixed bearings, PS
design (Nexgen LPS, Zimmer, Warsaw, United
states) were used in 26 right TKAs and 25 left
TKAs (Table 1).

The postoperative tibiofemoral angle,
coronal alignment of femoral component and
coronal alignment of tibial component were not
statistically different (Table 2).

As shown in table 3, the postoperative
tibiofemoral angle (optimum=186°) showed 7
outliers (14.3%) in right TKAs and 11 outliers
(23.4%) in the left TKAs group (P=0.25). The
coronal alignment of the femoral component
(optimum=96°) showed 9 outliers (18.4%) in right
TKAs and 7 outliers (14.9%) in left TKAs
(P=0.65). The coronal alignment of the tibial
component (optimum=90°) showed 2 outliers
(4.1%) in right TKAs and 10 outliers (21.3%) in
left TKAs (P=0.01). The complication rate was not
significantly different between groups (P=0.11).
There were 2 cases (4.3%) of patella tendon tear
and 1 case (2.1%) of periprosthetic fracture of the
tibia in the left TKAs.
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Table 1 Demographic data of TKA patients
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Right Left P-value
Age (years) 632x7.1 63.0£ 6.9 0.85
No. of cases (male/female) 9/40 3/44 0.12°
Body mass index 26.8+4.3 25.5%+5.0 0.16
Operative time (minutes) 108.9+20.9 108.1£25.0 0.87
Preoperative tibiofemoral angle 173.2+ 6.7 173.7+7.2 0.74
Prosthesis design (e.motion®PS/Nexgen LPS) 23/26 22/25 0.99%

%5 test (Pearson Chi-square) comparing between the categorical variables of the two groups
>y ? test (Fisher’s exact test) comparing between the categorical variables of the two groups when data in cell

have an expected count of less than 5
¢ Independent sample t- test comparing the two groups

Table 2 Coronal alignment angulation between right TKAs and left TKAs

Right Left P-value
Postoperative tibiofemoral angle 1855+ 2.3 185.2+ 3.1 0.59
Coronal alignment of femoral component 95.0+22 94.8+ 2.0 0.62
Coronal alignment of tibial component 904+ 1.5 90.4+2.8 0.92

¢ Independent sample t- test comparing the two groups

Table 3 Coronal alignment outlier between right TKAs and left TKAs

Right Left P-value
Postoperative tibiofemoral angle 7 (14.3%) 11(23.4%) 0.25%
Coronal alignment of the femoral component 9 (18.4%) 7(14.9%) 0.65%
Coronal alignment of the tibial component 2 (4.1%) 10(21.3%) 0.01°

% y’test (Pearson Chi-square) comparing between the categorical variables of the two groups
b x? test (Fisher’s exact test) comparing between the categorical variables of the two groups when data in cell
have an expected count of less than 5

Table 4 Reliability and agreement of coronal alignment angulation.

Variables Intraclass Standard error Difference 95% Limits of
correlation Average Standard agreement
coefficient deviation

Preoperative tibiofemoral

angle

- Observer Avs B 0.97 0.01 -0.81 1.49 -3.73,2.11
- Observer AvsC 0.95 0.01 -1.28 2.01 -5.22, 2.66
Postoperative tibiofemoral
angle
- Observer Avs B 0.84 0.03 -1.35 1.33 -3.96, 1.25
- Observer AvsC 0.41 0.05 -3.33 2.33 -7.89, 1.23

Coronal alignment of the
femoral component
- Observer Avs B 0.88 0.02 -0.51 0.99 -2.45,1.44
- Observer Avs C 0.56 0.056 -1.65 1.75 -5.07, 1.77
Coronal alignment of the
tibial component
- Observer Avs B 0.84 0.03 -0.82 1.01 -2.81,1.16
- Observer AvsC 0.61 0.05 -1.67 1.58 -4.77,1.43
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The results of the inter-observer reliability
of measurement using level of agreement and a
95% limit of agreement were moderate to high
reliability and agreement (Table 4).

Discussion

The surgical performance and outcomes
had been affected by three factors (kinematic
restriction, reduced tactile feedback and increased
perceptual processing consequent on operating from
a direct image of the operating field)®. Mehta and
colleagues® offer the laterality of the operative site
with respect to the surgeon handedness as a fourth
factor. Handedness is a tendency to use one hand
rather than the other and laterality is the preference
of using one side of the body over the other. There
were numerous studies in general surgery
documenting the effect of handedness as an
independent factor affecting surgical techniques and
outcomes®®. Adusumilli et al."” examined left-
handed surgeons and reported that 3% of left-
handed surgeons had received specific mentoring,
10% of medical schools have laterality training
programs and 13% provide left handed instruments.
Handedness and laterality not only affected left-
handed surgeons but also right-handed surgeons.
Surgeons may prefer to perform an operation on
one side over the other because they feel more
comfortable and it is easier to perform the
operation.

There are few reports in orthopaedic
surgery that mentioned handedness and laterality
although they played a significant role. Maloney et
al.™Y reported that left side sliding hip screws in the
fractured neck of the femur had more technical
failures than right side sliding hip screws when
performed by right handed surgeons. Mehta and
Lotke® reported that right TKAs had better
functional outcomes at a 1 year follow up than left
TKAs performed by a right-handed surgeon
standing on the side of the operative procedure.

The results of this study showed that the
surgeon handedness affects the coronal alignment
of TKAs. The left TKAs had significantly more
outliers of coronal alignment of the tibial
component than right TKAs when performed by
right-handed surgeons standing on the side of the
operative procedure. The reason for these
differences may be due to misvisual perception
during setting the extramedullary tibial guide and
inaccurate bone resection due to using the non-
dominant hand to perform the tibial cut. Lui and
colleagues® found that right-handed orthopaedic
surgeons do not tend to reposition themselves to
utilize their dominant hand when performing an
operation but instead use their non-dominant hand.
For example, when performing a left TKA, a right-
handed surgeon tended to use the left hand to
perform the tibial cut. The outliers of coronal
alignment of the femoral component were not

statistically different but it was more than the
outliers of coronal alignment of the tibial
component (16.7% vs 12.5%). The outliers of
coronal alignment of the right femoral component
may be caused by inaccurate bone resection due to
during the procedure the surgeons had changed
position with the assistants and used their non-
dominant hand to perform the distal femoral cut.
However, the outliers of coronal alignment of the
left femoral component may be caused by visual
misjudgment of the entry point of the
intramedullary femoral guiding system. Visual
misjudgment of the entry point may have less effect
on alignment than using a non-dominant hand to
perform the bone cut.

The outliers of coronal alignment of TKAS
arise not only from the alignment system, but also
from factors related to the surgeons and patients.
The handedness and laterality including surgical
experience may produce malalignment. In previous
studies, postoperative alignment of the limb
exceeded a range of +3° in up to 30% of cases***®).
In this study, the overall outliers of the
postoperative tibiofemoral angle were 18.8%. These
findings agree with those of Petersen and Engh®®
and Mahaluxmivala et al.™ that showed 26% and
25% outliers of postoperative tibiofemoral angle,
respectively. In a recent meta-analysis of 29 studies
comparing computer navigation to conventional
instrument TKA, 31.8% of conventional TKA had
more than 3° of varus and valgus alignment®®. The
overall outliers of coronal alignment of the femoral
component were 16.7% and the overall outliers of
coronal alignment of the tibial component were
12.5%. Similar results were reported by Kim et
al."” in 520 TKAs. They found 10% of outliers of
coronal alignment of the femoral component and
15% of outliers of coronal alignment of the tibial
component. Although the surgeons in this study
had, on average, 5 years’ experience in TKA, there
is no difference in the results of overall coronal
alignment outliers of TKA between this study and
previous studies from specialist centers®34*",

In the present data, all complications were
found in the left TKAs including patella tendon tear
and periprosthetic fracture. These complications
may be caused by some difficulties in the approach
of left TKAs by the right-handed surgeon standing
on the left side.

Long-leg weight-bearing radiographs have
been the gold standard for assessing overall limb
alignment but they are not routinely used due to the
added cost and difficult techniques. A previous
study had shown the correlation between
anatomical and mechanical axes. There is no
significant difference between measurements from
standard knee and hip to ankle radiographs®.
Although  the inter-observer reliability of
measurement in this study was moderate to high
reliability and agreement, there may be some errors
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of measurement caused by misidentification of the
landmarks or misinterpretation of the goniometer.
These errors can be reduced by using modern
digital radiographs and measuring by computerized
analysis tools.

To avoid the potential problems when
operating on the non-dominant side, orthopaedic
surgeons should have non-dominant hand training,
familiarity with surgical technique and prosthesis,
adjust one’s body position during surgery and
special precautions when handling soft tissue or
making a bone cut®. Now computer assisted
surgery has a significant role in orthopaedic
surgery. It may decrease technical errors that come
from the effects of handedness and laterality

This study has some limitations. It is a
retrospective study, with a small sample size, and
lack of clinical data to correlate with handedness.
Further study designs evaluating the effect of
surgeon handedness should use large sample sizes
including outcomes from left-handed surgeons and
a prospective study with clinical results.

Conclusion

There were more outlying results of the
coronal alignment of the tibial component of left
TKAs when performed by right-handed surgeons.
Surgeon handedness does have an effect on coronal
alignment of TKAs. Surgeons should concern about
the effect of handedness and laterality to prevent
unexpected results when performing on their non-
dominant side. The results from this study could be
useful for preventing coronal malalignment in
TKAs which are related to the survival outcome
and functional outcome.
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Adipokines: Metabolic link between knee osteoarthritis and obesity

Thitiya Poonpet, PhD, Sittisak Honsawek, MD

Department of Biochemistry, Faculty of Medicine, Chulalongkorn University, Bangkok, Thailand

Osteoarthritis (OA) is a heterogeneous and multifactorial process of chronic degenerative joint
disorder that involves not only articular cartilage, but also synovium, subchondral bone, and surrounding
muscles and ligaments. Obesity is a well known risk factor of the incidence and prevalence of osteoarthritis and
is believed to play a deleterious part in knee OA by the increment in mechanical stresses on the joints. The role
of obesity in knee OA is much more complicated than previously thought. Adipokines, cytokines mainly produced
by adipose tissue, may play a potential role in knee OA. In this review, we summarize the recent advances in
adipokine research in knee osteoarthritis, focusing on leptin, adiponectin, visfatin, and resistin, and also the
essential role of newly identified adipokines such as chemerin, lipocalin, and omentin.
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Introduction

Osteoarthritis (OA) is a highly prevalent
degenerative joint disease estimated to affect more
than 37% of people who are over 60 years of age®.
The disease is characterized by fibrillation of
articular cartilage, alterations in subchondral bone,
the formation of osteophytes, and low-level
synovial inflammation. Its etiology is largely
complicated since both genetic factors and non-
genetic factors such as age, gender, joint injury and
obesity are considered as important risk factors®.
Knee OA is among the most common burden
diseases in developed countries, and its prevalence
is set to continue to increase in the near future,
likely due to aging of the population®®.

Obesity and osteoarthritis

Obesity has long been considered as an
important risk factor for the development and
progression of OA. The association between OA
and obesity is strongest in the knee; the joint that
supports almost the whole weight of our body® ®.
A study in the British population revealed that
women in the highest body mass index (BMI)
tertile had a higher risk of knee OA (6 times) and
bilateral knee OA (18 times), compared with
women in the lowest BMI tertile®. The same trend
of results was also obtained from a study in
African-American and Caucasian women®. In
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addition, a longitudinal study of both genders
indicated a 40% increased risk for developing knee
OA®. It is generally accepted that obesity may lead
to cartilage destruction by increasing the
mechanical stress of the joints or alterations of
cartilage matrix components. However, quite new
advances in the knowledge of white adipose tissue
(WAT) suggested that besides from biomechanical
effects, metabolic effects are also involved in OA®.
Moreover, several studies demonstrated that fat
excess is also associated with OA in non-weight-
bearing joints, such as those of the hand. For
example, there was a study which reported a two-
fold increase in the risk of hand OA in obese
patients"?, suggesting that metabolic factors
released mainly by adipose tissue may be
responsible for the high prevalence of OA among
overweight individuals®®.

Knee osteoarthritis as an inflammatory

disease

Although knee OA was described as a
‘wear-and-tear’ noninflammatory disease, it is now
recognized that metabolic and inflammatory
environments contribute to the symptoms and
progression of knee OA™ . Findings in the 1990s
indicated that cartilage, bone, the synovium and
infrapatellar fat pads are sources of inflammatory
mediators involved in the pathophysiological
changes in OA®. Many mediators with
inflammatory properties, such as prostaglandins and
cytokines can increase matrix metalloproteinases
(MMPs) production by chondrocytes and synovial
cells, which finally increases cartilage degradation.
Therefore, OA has also been mentioned as being
part of a metabolic syndrome™®.
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Obesity and adipokines

Obesity is currently classified with a
chronic low-grade inflammatory status. The
metabolic link between obesity and OA could be
the adipocytokines (or adipokines) produced by
adipose tissue. White adipose tissue (WAT) is
considered mainly to be an energy storage portal.
However, it is now recognized as a metabolically
active endocrine organ with the capacity to secrete
proinflammatory  agents including  classical
cytokines [e.g., interleukin-6 (IL-6), interleukin-1
(IL-1B) and tumour necrosis factor-a (TNF-a)], as
well as adipokines, such as leptin, adiponectin,
resistin and visfatin®®*®. Adipokines are hormone
and cytokine like substances which play a critical
role in several pathways including not only glucose
and lipid metabolism but also immune and
inflammatory responses’®. Over the past decade,
adipokines have prompted much interest in OA

pathophysiological research based on the fact that
they play an important role in cartilage and bone
homeostasis. The involvement of adipokines in OA
can be direct joint degradation or the control of
local inflammation. Four main adipokines (leptin,
adiponectin, resistin, and visfatin) levels have been
locally detected in the synovial fluid of knee OA
joints. Adipokines are produced in knee OA joints
by chondrocytes, osteoblasts, osteoclasts, as well as
infrapatellar fat pads. It was suggested that local
(synovial fluid) and systemic (serum) adipokine
levels would be associated with cartilage
degradation and  synovial inflammation®?.
Therefore, the aim of this review is to include the
current reports regarding the association between
knee osteoarthritis and potential adipokines
including leptin, adiponectin, resistin, and visfatin,
of which their involvements in osteoarthritis are
summarized in Table 1.

Table 1 Involvements of four main adipokines in osteoarthritis

proliferation

- | proteoglycan
production

Important issues Leptin Adiponectin Visfatin Resistin
Association with BMI positive negative positive not clear
Plasma levels between women > men women > men women > men women > men
genders
Plasma levels between OA > control control > OA OA > control OA > control
groups
Levels in OA patients SF > plasma plasma > SF SF > plasma plasma > SF
Roles in cartilage - 1 proteases - 1 proteases - 1 proteases - 1 proteoglycan
homeostasis - 1 inflammatory | - 1 inflammatory | - 1 inflammatory | degradation
cytokines cytokines cytokines - | proteoglycan
- | growth factor | - | MMP-13 - 1 proteoglycan production
- |chondrocytes - 1 TIMP-2 degradation

Roles in bone formation

- expressed in
osteoblasts and

- expressed in
osteoblasts and

- expressed in
osteoblasts,

- expressed in
osteoblasts,

- progression
- grade of cartilage
degeneration

-Lequesne Index
- severity
(negatively)

osteophyte osteophyte osteoclasts and osteoclasts and
- increase bone osteophyte osteophyte
growth
Associated biomarkers - bone formation - cartilage - inflammation - joint metabolism
- joint metabolism | degradation - collagen
- collagen degradation
degradation - aggrecan
degradation
Associated clinical data | - prevalence - Ahlback score KL-score prevalence

BMI, Body mass index, KL, Kellgren-Lawrence, OA, Osteoarthritis, SF, Synovial fluid

Leptin

Leptin is a 16 kDa nonglcosylated
adipokine encoded by the ob (obese) gene®. The
best known effects of leptin are its involvement in
body weight homeostasis, since it decreases food
intake but increases energy expenditure at the

hypothalamic level®. It is synthesized exclusively
by adipocytes, and its circulating levels are
correlated with the amount of body fat®®). Obese
individuals generally produce higher amounts of
leptin. This adipokine exerts its biological activities
through the activation of its specific receptors (Ob-
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R) which belong to the class | cytokine receptor
superfamily. In humans, at least five isoforms of
leptin receptor, resulting from alternative splicing
of the db (diabetes) gene exist®. However, only
the long isoform (Ob-Rb) seems to be functional.
The Ob-Rb contains the intracytoplasmic motifs
required for the activation of the JAK-STAT
system®), Mutations in either the ob gene or db
gene results in an obese phenotype in mice®.
Currently, it is increasingly evident that leptin plays
a significant role in the OA pathophysiology by
modulating the bone and cartilage metabolism.
Moreover, ob/ob leptin-deficient mice develop
resistance to antigen-induced arthritis®”.

Leptin and its receptor can be secreted by
chondrocytes, osteophytes® and the synovium, as
well as infrapatellar fat pads®. Plasma leptin
concentration was significantly correlated with
BMI, in both OA patients and normal controls®”,
suggesting its role as a metabolic link between OA
and obesity. It has been reported that a 1 ng/ml
higher plasma leptin concentration was associated
with 7% higher odds ratio of having knee OA, after
adjustments for age, ethnicity and BMI®Y.
Nevertheless, leptin levels in synovial fluid were 3
to 11 times higher than those in paired plasma
samples®?. This difference was more obvious in
women than in men. Therefore, locally produced
leptin may play more significant roles in bone
metabolism regulation than circulating leptin.

Leptin shows catabolic effects in OA
cartilage by increasing metalloproteinases (MMPs)
enzymes such as MMP-1, MMP-3, MMP-9 and
MMP-13, as well as cysteine proteases production
at both the gene and protein levels®? 3. In addition,
the gene expression of ADAMTS-4 and -5, which
are responsible for the degradation of aggrecan,
were considerably increased after treatment with
leptin. Moreover, Bao et al. have demonstrated that
leptin downregulated the anabolic factors such as
basic fibroblast growth factors (bFGF) in mouse
articular cartilage. These results suggest a
prominent catabolic effect of leptin as a
proinflammatory factor on cartilage metabolism in
knee OA®Y,

Nitric oxide (NO) is a well-known
proinflammatory =~ mediator  which  promotes
chondrocyte phenotype loss, apoptosis, as well as
MMPs activation. The production of type 2 nitric
oxide synthase (NOS2) in cultured human and
murine  chondrocytes is activated by the
combination of leptin and interferon-y®. Recently,
leptin has also been reported to enhance
cyclooxygenase-2, prostaglandin E2, IL-6, and IL-8
production in human chondrocytes®. Interestingly,
leptin also had a negative effect on chondrocyte
proliferation since it reduced OA chondrocytes
proliferation for the short term-treatment (48 hours)
and reduced both normal and OA chondrocytes
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proliferation for the long-term treatment (7
days)©".

Leptin is also involved in osteoblast
dysfunction in OA. It has recently been found that
leptin acts as a bone growth regulator by inducing
collagen synthesis, osteoblast proliferation, bone
mineralization, and also endochondral
ossification®®?), The increased production of leptin
in OA subchondral osteoblasts is associated with
the increased levels of alkaline phosphatase,
osteocalcin, collagen type |, and TGF-f1
(transforming growth factor-51)“Y. Moreover, the
findings of immunohistochemical studies showed
high leptin expression in osteophytes™”. Berry et
al.“? have revealed that the level of serum leptin
was significantly associated with the level of bone
formation markers, such as osteocalcin and
procollagen type | N-terminal propeptide (PINP). In
addition, leptin was positively associated with the
cartilage biomarkers such as urine C-terminal
telopeptide of type Il collagen (UCTX-II), serum
cartilage oligomeric matrix protein (SCOMP), and
serum procollagen type 1A N-terminal propeptide
(sPHHANP), serum hyaluronic acid (sHA) and serum
N-terminal propeptide of type Il procollagen
(sPHINP) after adjustment for gender and age. In
contrast, baseline expression levels of soluble leptin
receptors OB-Rb were negatively associated with 2-
year changes of the cartilage formation biomarkers
PIIANP and osteocalcin levels, but positively
associated with cartilage defects scores and
cartilage volume loss, independent of age, gender,
and BM1“2,

In a 5-year cohort study, plasma leptin
levels seemed to be positively associated with the
occurrence of radiographic knee OA. Moreover, it
showed a positive association with knee OA
progression in subjects who have radiographic knee
OA baseline. However, the association disappeared
after adjustment for BMI“?. Leptin expression has
been reported to be associated with the grade of
cartilage degeneration. In advanced grade OA
cartilage, leptin and its receptor (Ob-Rb) levels
were significantly increased compared to healthy or
adjacent mildly affected cartilage®. On the
contrary, Berry et al. did not find any association
between plasma leptin levels and knee OA with
grade 4 Kellgren-Lawrence (KL)-score and found
no association between baseline plasma leptin
levels, 2-year alterations of cartilage volume, and
defects in knee OA patients“?.

Adiponectin

Adiponectin is a 244-residue protein that is
synthesized mainly by WAT. Its main metabolic
properties are that it increases insulin sensitivity,
improves glucose metabolism, increases fatty acid
oxidation, and antiatherogenesis®* ** *¥. In plasma,
it is present in three molecular forms: trimers (low
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molecular weight complexes), hexamers (mid-
molecular weight complexes), and 12- to 18-
hexamers  (high molecular weight, HMW,
complexes)“. Adiponectin acts via two receptors,
AdipoR1 and AdipoR2. AdipoR1 is found in
skeletal muscle, cartilage, bone and the synovium,
whereas AdipoR2 is found predominantly in the
liver® " The adiponectin knockout mice develop
severe insulin resistance and exhibit lipid
accumulation in muscles when placed on a high
fat/sucrose diet“®,

In general, adiponectin is detectable in
both plasma and synovial fluid but shows different
patterns of distribution®®. In the blood, it circulates
in high concentrations (0.01% of total serum
protein) exceeding those in the matched synovial
fluid®. Serum adiponectin levels are inversely
correlated with BMI, lower in obese individuals and
elevate with weight loss®®*9. Women have
remarked higher plasma adiponectin levels than
men®, whereas the effect of age on circulating
adiponectin levels are inconsistent. In OA patients,
serum adiponectin levels were reported to be lower
than in healthy controls®Y. In addition, the levels of
adiponectin in OA plasma were almost 100-fold
higher than in OA synovial fluid, and these plasma
and synovial fluid levels showed an inverse
correlation®”. Recently, Distel et al. have shown
increased adiponectin levels in the infrapatellar fat
pads in knee OA®?,

Adiponectin seems to have both catabolic
and anabolic effects on pathological changes of
several tissues/cells involved in the initiation and
progression of OA. For its pro-inflammatory effect,
adiponectin plus IL-1B treated chondrocytes and
synovial fibroblasts lead to the induction of NO by
inducing the expression of NOS2. Similarly, this
adipokine also increases the production of key
mediators in cartilage degeneration such as IL-6,
IL-8, TNF-0, MMP-3, MMP-9, MCP-1 (monocyte
chemo-attractant protein-1) and GRO (growth-
related oncogene) in chondrocytes®**

The stimulation of osteoblasts with
adiponectin increased the production of the
inflammatory mediators IL-6, IL-8, and MCP-1. In
grade 1 (non-ossified) osteophytes, adiponectin
were detectable in connective tissue fibroblasts. In
grade 2-5 (ossified osteophytes) a lower extent of
adiponectin  was expressed by osteoblasts,
suggesting its involvement in early osteophyte
formation®®.

Plasma adiponectin levels showed positive
associations with markers of cartilage degradation
such as IL-1 B, uCTX-Il and sSCOMP, but showed
negative associations with high sensitivity C-
reactive protein (hsCRP) levels in serum. These
associations turned stronger after adjustments for
BMI. On the other hand, other studies have
suggested positive associations between hsCRP and
synovial fluid adiponectin in end-stage knee OA

patients®. In addition, Kang et al. reported

increased levels of collagen type Il degradation
products in supernatants of OA cartilage explants
incubated with adiponectin®”.

Compared to less severely affected
subjects, Koskinen et al. found increased plasma
adiponectin levels in patients with grade 4-5
radiographic Ahlback scores®®. In addition, a
significant association between plasma adiponectin
levels and the Lequesne index was found®?.
Filkova et al. also found that serum adiponectin
levels were higher in erosive OA patients than in
nonerosive OA patients®”. However, Berry et al.
did not find any association between baseline
plasma adiponectin levels, cartilage volume
changes and defects in knee OA subjects in a 2-year
study™“?.

Interestingly, several studies have shown a
protective effect of adiponectin in knee OA. Chen
et al. demonstrated down-regulated IL-1B induced
MMP-13 production and up-regulated its associated
inhibitor, TIMP-2 (tissue inhibitor  of
metalloproteinase-2),  production in  primary
chondrocytes at both mRNA and protein levels,
suggesting the protective role against cartilage
damage”. Some clinical data also support that
adiponectin could play a protective role against OA.
Honsawek and Chayanupatkul showed an inverse
correlation between plasma adiponectin and
radiographic knee OA severity. They found
increased adiponectin levels in grade 2 (KL-score)
knee OA patients compared with controls, but
decreased levels in grade 4 (KL-score) knee OA
patients®.

Visfatin

Visfatin, also called pre-B-cell colony-
enhancing factor (PBEF) and nicotinamide
phosphoribosyl transferase (NAMPT), is a highl
conserved 52-kDa protein of 471 amino acids®Y.
The major visfatin producing cells are granulocytes,
monocytes and macrophages® %. It was originally
discovered in human bone marrow, liver and
muscle®®. Additionally, adipocytes have also been
considered as another source for visfatin
production®. The best characteristic of visfatin is
NAD biosynthetic enzyme®. It can bind to the
insulin receptor in vivo and in vitro, but its insulin-
mimetic effects are under investigation®. The
elevated plasma visfatin levels have been found in
type 2 and type 1 diabetes mellitus patients®" %, It
has recently been demonstrated that
pharmacological inhibition of visfatin  with
APO866 (FK866), a NAD biosynthesis inhibitor ,
decreased collagen-induced arthritis (CIA) severity
and pro-inflammatory cytokine production in
affected joints®.

Visfatin is highly produced in the adipose
tissue with increased levels in obese people
compared with lean people®”, and its level can be
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reduced by regular exercise®. In general, visfatin
synthesis is regulated by other factors such as
glucocorticoids, TNF-a, IL-1B, IL-6, and growth
hormone (GH), and its circulating-level positively
correlates with 1L-6 levels™™. Very recently,
Jurdana et al. reported no significant differences in
serum visfatin concentrations between genders,
however, it seems to be higher in women than in
men‘?.

OA npatients had significantly higher
plasma and synovial fluid concentrations of visfatin
compared with controls, with levels in synovial
fluid higher than paired serum samples. It was
showed that OA infrapatellar fat pads release higher
amounts of visfatin than the matched subcutaneous
adipose tissue™. Moreover, the visfatin expression
in OA cartilage and the synovium was also higher
than in normal samples"’®.

The role of visfatin in cartilage is still
unclear since it showed association with both
catabolic and anabolic processes; however, more
evidences point visfatin to be a pro-catabolic
inflammatory, rather than anabolic mediator. For
example, it has been shown that visfatin increased
MMP activity and NO production, as well as
proteoglycan release in OA cartilage matrix™®. A
recent study had shown that visfatin counteracted
anabolic IGF-1 signaling, and therefore reduced
IGF-1-mediated proteoglycan synthesis in human
chondrocytes”.  Moreover, elevated level of
visfatin can reduce the expression of factors
essential for the maintenance of the chondrocyte
phenotype such as Sox-9 and type Il collagen'’®.
On the other hand, visfatin has also showed some
anabolic properties. It was demonstrated that the
inhibition of visfatin by small interfering RNA
(siRNA)  decreased the production of human
chondrocyte specific matrix gene such as
collagen2al and aggrecan.

Visfatin is also expressed in osteoblasts,
osteoclasts and osteophyte, suggesting its role in
early osteophyte formation®®. Plasma visfatin
concentrations showed a positive correlation with
CRP, indicating that it may be related to lipid
metabolism and inflammatory  process®%?,
Likewise, synovial visfatin concentrations were
shown positively correlated with the degradation
biomarker of collagen type IlI, CTX-Il, and two
degradation biomarkers of aggrecan: AGG1l (G1-
1H11), and AGG2 (6D6-G2)®Y.

Resistin

Resistin is a macrophage/monocyte-
derived adipokine which has an important role in
inflammatory processes®. This dimeric protein is
secreted mainly by adipocytes, but other cell types
such as macrophages and neutrophils have been
found to produce resistin as well®®. The association
of resistin with obesity, together with its
proinflammatory properties suggests that resistin
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might be a remarkable mediator that links
inflammation with OA and obesity.

Resistin levels in serum were significantly
higher than the levels in matched synovial fluid
specimens and increased in obese individuals®®.
This adipokine showed significantly higher levels
in females than in males. Interestingly, serum
resistin levels were positively associated with
histologically determined grades of synovial
inflammation®. It can be detected in inflamed
synovium joints, in both rheumatoid arthritis (RA)
and OA®® ®)_Serum resistin levels in OA patients
were positively associated with age, but not BMI
and were significantly higher than in controls®?.
Resistin  production can be induced by
proinflammatory cytokines such as IL-1, IL-6 and
TNF®),

Resistin ~ can  induce  inflammatory
cytokines and PGE2 synthesis. It is produced by
osteoblasts and osteoclasts in ossified osteophytes,
indicating a role in osteophyte formation.
Moreover,  resistin  stimulated  proteoglycan
degradation as well as inhibited proteoglycan
production in mouse and human cartilage
explants®. Plasma resistin concentrations were
positively associated with sPIIINP and the
prevalence of radiographic knee OA, independently
with BMI; however, it was not associated with the
disease progression. Interestingly, the association
between resistin and the presence of radiographic
knee OA was more obvious in OA patients with
higher adiponectin levels®?.

Other Adipokines
Chemerin

Chemerin, a recently described chemo-
attractant adipokine, is an18 kDa protein which is
also known as tazarotene-induced gene 2 or retinoic
acid receptor responder 2. Its functions involved
in adipocyte development and metabolic function,
as well as glucose metabolism via the G coupled
receptor chemokine-like receptor 1®®. Chemerin
and its receptor are mainly expressed in adipose
tissue but can also be produced by dendritic cells,
macrophages, fibroblast-like synoviocytes, and
chondrocytes®.  Molecules ~ which  drive
inflammatory processes such as IL-1f, along with
leptin and glucocorticoids, are able to modulate the
expression of this adipokine™.  Chemerin
significantly increases the synthesis of Toll-like
receptor 4 and CCL2 in OA fibroblast-like
synoviocytes®. In addition, it stimulates the
production of proinflammatory cytokines and
matrix metalloproteinase in  chondrocytes®?.
Moreover, chemerin levels in OA synovial fluid
were associated  with  disease  severity®®,
demonstrating an important role of chemerin in OA
pathophysiology.
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Lipocalin

Lipocalin 2 (LCN2), a 25 kDa
glycoprotein, is also named 24p3, uterocalin,
siderocalin, and neutrophil gelatinase-associated
lipocalin. It is a monomer adipokine produced
mainly from adipose tissue and neutrophils but has
recently been identified in chondrocytes®. It can
exist as a 46 kDa homodimer and its cellular
receptor named megalin (GP330)®®. Its expression
can be regulated by leptin, adiponectin, IL-1f, LPS,
and dexamethasone™®. This adipokine is likely to
be involved in matrix degradation.

White adipose tissue

Osteoblast

Dysregulation of
osteoblast function

Chondrocyte

Omentin

Omentin is a 40 kDa protein which has
previously been recognized as intelectin (a new
form of Ca’*-dependent lectin). It is secreted
predominantly by omental adipose tissue and its
plasma concentration is high. Several studies have
shown the involvement of this adipokine in OA
pathogenesis. For example, inflammatory states and
obesity have been shown to alter omentin gene
expression®. Recently, Senolt et al. found a
difference in levels of omentin in the synovial fluid
between RA and OA patients®®”.

Osteophyte formation

Fig. 1 Complex network links excess white adipose tissue, bone, and articular cartilage in knee osteoarthritis.

Conclusion

Taken together, this review sheds light on
a potential role of adipokines in OA development as
shown in Fig. 1. Leptin and visfatin seem to be
more interesting as the targets of both prevention
and treatment for knee osteoarthritis since they
obviously showed catabolic effects on articular
cartilage, whereas the effects of adiponectin and
resistin are heterogenous. However, these two
adipokines also play a crucial role in many other
physiological processes, thus more clinical studies
together with more research on the other adipokines
are warranted. It is noteworthy that women have
higher adipokines levels than men, which may be
the reason for a higher prevalence of OA in women.

Obesity is undoubtedly associated with
increased risk of knee OA. However, the use of
BMI alone for measurement of excess body weight
seems inadequate to reveal the physiological

changes that link obesity to OA because it reflects
both fat and skeletal muscle mass. The main source
of adipokine production is adipose tissues, thus the
other explicit measurements of body fat such as
waist-hip circumference or Dual-energy X-ray
absorptiometry-assessed total fat mass will be
useful techniques to investigate the relationship
between obesity, adipokine production and OA.
Moreover, the study of interactions between
metabolic factors and the other OA risk factors such
as mechanical stress and genetic alteration,
resulting from obesity may improve the
understanding on the pathogenesis of OA.

Lastly, although the knowledge gained
from present literatures is still incomplete for knee
OA prevention and therapeutic intervention by
pharmacological strategies, it is possible to state
that an available preventive strategy is to stay in
shape.
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Mesenchymal Stem Cells for Regeneration of Cartilage Lesions:

Focus on knee osteoarthritis
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With an increase in life expectancy which causes an ageing population, osteoarthritis, including
cartilage loss and other cartilage lesions can become a major health problem. Cartilage has little self-renewal or
regeneration capacity and those with cartilage lesions suffer from slow degeneration of the cartilage resulting in
pain and loss of function. Conventional treatment for cartilage lesions often results in little or no pain relief
leaving major surgery as the only viable option for improving the quality of life. Even so, available surgeries are
not a permanent relief of the condition nor do they reverse the process of cartilage degeneration. Limited
research funding, low public attention and a poor understanding of the mechanisms behind the conditions are
several reasons that contribute to the lack of progress in developing treatments for cartilage degenerative
conditions. In addition, cartilage degeneration is usually a slow process and early detection is often difficult due
to the lack of biomarkers. In recent years, new methods have been suggested such as the use of autologous
mesenchymal stem cells as a treatment of conditions like osteoarthritis. Clinical trials in both animal and human
models have shown good results suggesting a simple, effective and lasting solution for cartilage lesions might be
around the corner.
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Introduction

Osteoarthritis (OA) is a pathologic process
of degenerative joint disease affecting all joints,
though most commonly occurring in the hand,
knee, and hip®™. It is the most prevalent chronic
joint disease with knee OA being a common form
with a high prevalence in Asian countries®.
Characteristics of the condition are damage to the
articular cartilage, changes in the subchondral bone
and synovium, followed by damage to the
underlying bone and morphological changes such
as subchondral sclerosis, subchondral bone cysts,
osteophyte formation and synovitis®®. Risk factors
for osteoarthritis include a genetic predisposition,
hereditary factors, obesity, age, mechanical injury,
joint trauma, gender, joint immobilization, and
overuse of the joint®”. OA does not only cause
disability but has been linked with other conditions
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such as neuropathic pain, depression, and sleep
disorders®. Therefore, it has a great impact on
society and is an economic burden responsible for
up to 2% of all public health expenses®?.
Although OA is a common disease, no approved
medical treatment exists to improve or reverse the
articular cartilage damage™”. Some controversial
medications that suppress interleukin 1 and
metalloproteinase, and stimulate transforming
growth factor-B (TGF-B) may stop or reverse the
process but have not been approved as a medical
treatment yet. Frequently used treatments include
physical therapy™?, pain control with steroidal and
non-steroidal anti-inflammatory drugs,
viscosupplementation with injections of sodium
hyaluronan as well as a variety of nutraceuticals®?,
however, none of these treatments have an impact
on the progression of the condition. Although cell
therapy by surgically implanting autologous
chondrocytes has been used to regenerate cartilage
damage for over two decades, the repair process is
slow and often insufficient due to the poor self-
renewal and regeneration abilities of the
chondrocytes™*®. Therefore, the only treatment
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resulting in a quick relief of the condition is total
joint replacement®. Total joint replacement is a
major surgical procedure with risks of infections as
well as the costs of hospital care, physiotherapy and
rehabilitation®®; it is therefore only used as a
method of last resort. Other less invasive and
cheaper methods have been suggested such as the
use of stem cells. Mesenchymal stem cells have
shown chondrogenic potential in vitro and might
therefore provide an alternative treatment of
damaged cartilage®*%.

Mesenchymal stem cells

Mesenchymal stem cells (MSCs) are
pluripotent progenitor cells. They are capable of
establishing colonies from a single cell referred to
as colony-forming fibroblast units. They were first
described by Alexander Friedenstein as progenitor
cells of bone and cartilage in 1966“”. Since then
they have been shown to have the capacity to
differentiate into a variety of cell types including
osteoblasts,  chondrocytes, adipocytes, and
myocytes®™. They have also been shown to
differentiate into nerve cells and hepatocytes which
are normally derived from the other two major
embryonic germ layers; the ectoderm and
endoderm®2), This is known as
transdifferentiation or plasticity and MSCs can be
considered as a source for more than just
mesenchymal tissues®?%. MSCs are involved in
the maintenance and regeneration of connective
tissue and are known to migrate to tissues as a
result of inflammation or injury where they
participate in the repair of damage®®?". They are
immunoprivileged cells with immunosuppressive
properties®®. In addition, MSCs are known to
produce a number of secreted factors for example
cytokines, chemokines, and growth factors@®3Y.
MSCs therefore have considerable potential for
tissue engineering.

Unlike the highly controversial embryonic
stem cells, the MSCs are adult stem cells. They can
be found in many tissues and organs but reside
mainly within the bone-marrow. Bone-marrow
derived mesenchymal stem cells (BMSCs) are
therefore a widely used and well-studied cell line.
Other common sources include adipose tissues,
skeletal muscles, umbilical cord blood and
Wharton’s Jelly®**). Al of which have the
capacity of differentiating into the cell lineages
previously mentioned with BMSCs additionally
being able to provide the stromal support system for
haematopoietic stem cells®®. Due to the abundance
and distribution of MSCs in adult tissue, a patient’s
own MSCs can be isolated, expanded, and used as
an autologous cell line. Not only does it eliminate
the risk of host rejection but also the ethical
concerns since the use of autologous cells is a
generally accepted practice. When expanding
MSCs in vitro, they are allowed to pass through

stages known as “passage”. Cells are usually let
through 2-5 passages but it is not recommended that
they pass through 10 or more due to the risk of
mutations and tumor genetic effects. Indeed, one of
the disadvantages of MSCs is their potential to give
rise to or support tumors. In the literature, there
exists controversial information with reports of
tumor growth suppression as well as both increases
and decreases in tumor growth.

Transplantations into  immunodeficient
animals have shown no evidence of tumor
formation®. In 2011 Suzuki et al. showed that
MSCs can support tumor growth by supporting the
growth of the tumor stroma. They observed a
significant increase in tumor growth when co-
injecting mice with tumor cells and MSCs.
However, their results were also controversial since
they observed no increased tumor growth when
using a different MSC line®”. Therefore, the
possibility of tumor development cannot be rejected
completely when using MSCs.

Mesenchymal stem cells in joints

Synovial MSCs can be found in most
tissues of the synovial joints in mammals. In
humans they were first described by De Bari et al.
when they successfully isolated MSCs from the
synovial membrane in 2001®®. Since then they
have also been found in the meniscus, ligament, fat
pad, cartilage and bone marrow of the synovial
joints®¥9. These cells have the capability of self-
renewal and differentiation pathways similar to that
of the BMCSs. MSCs from synovial fluid exhibit
greater clonogenicity and chondrogenic capacity
than those from bone marrow. They also show
clonal heterogeneity with individual clonal
populations exhibiting variable proliferation and
differentiation potentials®?.

Since MSCs can be found in most tissues
of the synovial joints it is likely that they must play
a role in providing a reservoir of repair cells that
can be activated for growth, repair or remodeling.
They might also function as immunomodulatory
sentinels for reducing inflammation or the activity
of T-cells“?. MSCs found in cartilage appear to
lack the ability of functional repair since it is well
known that cartilage fails to regenerate following
injury. It is possible that MSCs in the cartilage
serve a different purpose for example replenishing
the surface zone proteoglycan lubricant to minimize
friction®.

A significantly greater number of MSCs
can be recovered from the effected joints of OA or
rheumatoid arthritis patients as well as those of
ligament injury compared with that from healthy
joints. The number of MSCs also increases with the
severity of the disease and one hypothesis suggests
that they originate in the degrading synovium™”. In
2002, Murph et al. showed that MSCs from patients
with end-stage OA had reduced in Vvitro
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proliferation and differentiation potentials. They
compared BMSCs from patients who underwent
joint replacement surgery and compared them with
samples from matched healthy individuals. They
observed a significantly reduced vyield and
proliferation activity with cells having reduced
chondrogenic and adipogenic activity and increased
osteogenic potentials“®. It has been shown that
these functional deficiencies can be improved with
supplementation of the medium with growth
factors?).,

Availability and safety of MSCs

Obtaining cells for tissue engineering can
be a major technical issue. It is possible to use
allogeneic cells from donors but this is not common
clinical practice due to the risk of rejection or
disease transmission®. The use of autologous cells
is considered safe because there is neither an
immunological reaction nor the risk of disease
transmission. However, using autologous cells also
has limitations; availability may be scarce and it is
important to select a tissue which results in minimal
morbidity for the patient®”. Autologous BMSCs
are widely used because they can be easily obtained
causing minimum morbidity and can be collected
without producing tissue defects®®. The yield
obtained from bone-marrow can be quite low and
cells are usually expanded in vitro. The cells are
confirmed as MSCs by checking for surface
markers commonly found on MSCs such as CD90
and CD105. Another good source for MSCs is
adipose tissue. The number of cells that can be
harvested from adipose tissue has been estimated to
be up to 1,000 times greater than that from bone-
marrow making it a good source for stem cells®®.
Obtaining adipose derived mesenchymal stem cells
(AMSCs) is relatively simple with the use of
liposuction where fat-pads are the major harvest
sites. Like the harvesting of BMSCs, this technique
causes minimal morbidity and is considered a safe
method. Other sources of MSCs have been
suggested but limited availability and difficulties in
extraction have made BMSCs the most commonly
used source for clinical application with AMSCs
being investigated as a new more potent source of
cells. Overall, it is hard to determine the safety of
using autologous MSCs, although the risks of
rejection or disease transfer is almost non-existent,
the long-term effects have not yet been fully studied
and the risk of tumor formation exists.

MSC:s for cartilage repair

Most reports on the use of MSCs to treat
cartilage defects focus on the use of BMSCs and a
small number investigating AMSCs. Synovium
derived mesenchymal stem cells (SMSCs) have
been suggested for cartilage repair since some in
vitro and animal studies have shown SMSCs to
have a greater chondrogenic potential than

JRCOST VOL.37 NO.2-4 April-October 2013

69

BMSCs®**), So far, there have been no clinical
trials for this cell source in humans and harvesting
SMSCs requires the use of arthroscog)y which is
more invasive than obtaining BMSCs®®,

Shigeyuki Wakitani is a pioneer in the
field of cartilage repair using MSCs. In 1998 he and
his team transplanted BMSCs to repair articular
cartilage which was the first such clinical trial ever
reported®”. They performed this procedure on 40
more patients and published the first comprehensive
study on the safety, effectiveness, and long-term
effects of MSC transplantations for cartilage
repair®®. Their study was a long-term follow up
study which included 41 patients with 45 joints and
a follow up time of up to 11 years and 5 months.
They harvested BMSCs from the iliac crest and
expanded them in culture. The cells were delivered
with surgery through a gel-cell composite or with
the use of collagen sheets®"*%. The surgeries were
performed between January 1998 and November
2008 and the follow up time varied from 5 to 137
months. Of the 41 patients operated on, they were
able to follow up on 31. There were no reports of
tumor formation or infections over their follow up
period. Therefore, they concluded that the use of
BMSCs was an effective and safe way of treating
cartilage defects. Although they had a long follow
up period, the potential risk of tumor formation
from stem cells should not be underestimated.
Animal studies showed tumor formation or

increased tumor proliferation as a result of

introducing MSCs into the animals(Go’Gl).

Autologous  chondrocyte implantation  for
cartilage repair

Autologous  chondrocyte  implantation
(ACI) has been suggested as a promising method
for cartilage repair. Many comparative studies have
shown promising results and in 2005 Fu et al.
reported a significantly greater improvement in
function and pain relieve in patients who received
ACI treatment compared to those treated with
debridement of cartilage defects in the knee®?.
MSCs have been shown to differentiate into
chondrocytes or prevent cartilage degeneration and
have therefore been suggested as an alternative cell
source for cartilage repair®. By co-culturing
MSCs and chondrocytes, Aung et al. were able to
differentiate MSCs into chondrocytes without the
use of growth factors and at the same time
preventing their hypertrophic differentiation®.

In 2010, Nejadnik et al. published a paper
comparing the use of autologous BMSCs and
autologous chondrocytes for treatment of cartilage
defects®. The chondrocytes were harvested in
surgery from non-weight bearing cartilage tissue
and expanded in cultures. The BMSCs were
harvested from the iliac crest using needle and
likewise expanded in cultures. To confirm their
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culture indeed existed of MSCs, they checked for
cell surface markers commonly found on MSCs.
Cell sheets were produced for both chondrocytes
and BMSCs by culturing the cells in the presence of
ascorbic acid. For each surgery, at least 4 cells
sheets were prepared with a cell density of 2 x 10°
cells/cm?. After cell harvest and expansion, patients
underwent ACI surgery™ and received either a
chondrocyte or BMSC sheet implant of
approximately 1-1.5 x 10° cells. Patients were
evaluated preoperatively and at 3, 6, 9, 12, 18 and
24 months after surgery. The results showed that
patients treated with either ACI or BMSCs had a
significant improvement in their quality of life,
however, men’s health and sport activity showed a
greater improvement than that of women. In the
ACI group patients older than 45 years had less
significant improvements than younger patients but
this was not observed in the BMSC group. This
study suggests that both treatments are an effective
way of relieving pain and improving the quality of
life. The advantages of BMCS treatment are that it
requires one fewer surgeries and that the surgery is
less invasive resulting in lower morbidity and
hospitalization costs. Moreover, treatment with
BMSCs showed no difference between age groups.

Bone-marrow derived MSCs in clinical use

The first report of using BMSCs to treat
osteoarthritis was documented by Wakitani et al. in
2002%%. The study consisted of 24 patients with
knee osteoarthritis who underwent a high tibial
osteotomy. Twelve of these patients received
autologous BMSC transplantations and the other 12
served as a control group. BMSCs were harvested
from the iliac crest and expanded in cultures.
During the high tibial osteotomy, the knee joint was
opened using the parapatellar medial approach.
They observed the medial femoral condyle and
medial tibial plateau; in all cases the articular
cartilage on the medial femoral condyle was lost as
well as the sub-condral bone being eburnated. The
mean number of 1.3 x 10’ BMSCs was introduced
in a gel-cell composite consisting of 2 ml of 0.25%
type I acid soluble collagen from the porcine tendon
put onto a collagen sheet and gelatin. This gel-cell
composite was applied to the abraded area and
covered with collagen sheets. They were able to
obtain samples of repair tissue and observe the
transplants through arthroscopy in the following
two surgeries when the pins and staples were
removed. Clinical evaluations before and after
surgeries were performed using the Hospital for
Special Surgery knee-rating scale. Both groups
showed significant improvements in pain, function
and muscle strength. However, no difference was
observed between the cell-transplanted group and
cell-free group. Interestingly, it was observed that,
the defects were covered with white soft tissue and
some hyaline cartilage-like tissue in the cell-

transplanted group. This was not the case for the
cell-free group where white material with an
irregular surface could be evident and in some areas
underlying bone was visible. Although patients
showed no improvement in the quality of life in
either group, BMSCs seemed to be able to produce
cartilage-like tissue in in vivo transplants.

Similar results were reported in 2007 by
Kuroda et al. in a 31-year-old patient suffering from
pain in the right knee®. BMSCs expanded in
culture were introduced in a gel-cell composite
through surgery. Seven months later arthroscopy
revealed the defects to be covered with smooth
tissue. Histological staining of samples showed
hyaline-like type cartilage tissue that stained
positively with Safranin-O. Twelve months after
surgery magnetic resonance images (MRI) showed
an increased thickness of the cartilage and that the
bone was no longer edematous. The patient retained
his previous activity level experiencing no pain or
complications. These findings suggest that a
transplant of autologous BMSCs can promote the
repair of large focal articular cartilage defects.
However, these studies showed promising results in
cartilage repair by introducing cells through a major
surgical operation. Since then, less invasive
procedures have been suggested and performed by
injecting BMSCs or AMSCs directly into the
synovium of the knee joint or by preforming
subchondral microdrilling combined with an
injection of growth factors or substances such as
hyaluronic acid which has been proved as being
beneficial for cartilage health and repair©?.

In 2011, Saw et al. investigated the quality
of articular cartilage regeneration after arthroscopic
subchondral  drilling®®. They postoperatively
injected five patients with autologous peripheral
blood progenitor cells (PBPCs) in combination with
hyaluronic acid (HA) for improving the
regeneration of cartilage. The patients received the
first injection one week after the surgery followed
by four more injections at weekly intervals. They
performed a second-look arthroscopy which
confirmed articular cartilage regeneration and
histologic sections stained positive suggesting the
formation of hyaline cartilage, both of which are
consistent results with previous findings. In
addition, they also performed histologic and MRI
studies of articular cartilage regeneration in patients
treated with or without PBPCs and HA after
arthroscopic ~ subchondral  drilling®.  The
intervention group’s histologic scores and MRI
scores were significantly better than those of the
control group. It was concluded that treatment by
regularly injecting PBSCs and HA after surgery
improved the quality of articular cartilage repair.
Studies on the effects of direct injection of MSCs
without any surgical procedures have also shown
promising results in the treatment of knee
osteoarthritis (Fig. 1).
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Fig. 1 Direct intra-articular injection of mesenchymal stem cells. Mesenchymal stem cells are harvested from
various sites, most commonly bone-marrow or adipose tissues. They can be expanded in culture and then

injected in suspension directly into the patients’ knee.

Bone-marrow derived MSCs in the treatment of
osteoarthritis

In 2011, Davatchi et al. reported their
results on the direct injection of BMSCs into the
knees of patients suffering from osteoarthritis"®.
All four patients in this study were over 50 years
old and suffering from moderate to severe knee
osteoarthritis due to obesity. BMSCs were obtained
from 30 ml of bone-marrow blood from the patients
and expanded in culture; they were confirmed as
MSCs by immunophenotyping. The mean volume
of 5.5 ml containing 8-9 x 10° cells was injected
into one knee of each patient. Although
improvement was observed in 3 out of 4 patient it
was minor and the researcher concluded the results
as encouraging, but not excellent. Another similar
report from 2012 describes 6 female volunteers
who needed total joint replacement (TJR) surgery
but received a BMSCs injection instead™. In this
study the obtained 50 ml of bone-marrow blood and
expanded in culture, likewise they confirmed their
cell population as MSCs by immunophenotyping.
They injected 20-24 x 10° BMSCs intra-articularly
into the knees of the volunteers. MRI demonstrated
an increased cartilage thickness in 3 out of 6
patients and patients reported a reduction of pain as
well as improvement in walking distance for the
first 6 months then slightly reducing for the
following 6 months. Taken together, these studies
were both promising and encouraging but not fully
satisfactory as a standard treatment for knee
osteoarthritis.

More promising results with intra-articular
injections of autologous BMSCs alone were
produced in 2013 by Orozco et al."®. Their study
consisted of 12 patients with osteoarthritic knee
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pain who failed conservative treatment and 9 out of
12 had already undergone previous surgery. Bone-
marrow was extracted from the iliac crest for MSC
isolation. Cells were expanded in culture and
confirmed as MSCs by immunophenotyping. After
3 weeks of cell culture, cells were harvested and
injected into the patients. The patients received an 8
ml of 40 x 10° cells injection which was
considerably larger number than in previous
comparable studies”"™. Clinical outcomes were
followed for one year by evaluating pain, disability,
quality of life as well as measuring articular
cartilage quality through MRI. By 3 months, pain
was significantly reduced with additional progress
in the 9 months to follow and was significant at all-
time points observed. Patients showed rapid and
progressive improvement of the Lequesne index
that approached 65-78% after 1 year. Patients were
also satisfied with the treatment and 11 out of 12
reported lasting pain relief throughout the study
period. MRI also showed a significant increase and
improvement in cartilage quantity and quality in 11
out of 12 patients. Furthermore, it was
demonstrated that the feasibility and safety of the
treatment reached up to 78% of treatment results
with 100% being a perfect treatment. It compared
favorably with the conventional treatments
producing considerably better results. Additionally,
it compares well with other invasive methods such
as TJR surgery since it is simple and does not
require hospitalization or surgery, resulting in over-
all lower costs. Their results were considerably
better than in the similar studies mentioned
previously. One of the reasons might be that they
injected approximately 2-4 times more MSCs than
in the other two studies.



72

Adipose derived MSCs (AMSCs) as treatment
for osteoarthritis

Although the main focus has been on the
use of BMSCs, some researchers have chosen to
use AMSCs as an alternative tissue. This is due to
the abundance of available adipose tissue for cell
harvesting and the higher yield obtained from each
gram of tissue. In 2012 and 2013, Koh et al.
published two papers on the same study which
revolved around the use of AMSCs for the
treatment of osteoarthritis™ 7. This study recruited
18 patients who received an injection of AMSCs to
the knee. The adipose tissue was harvested from the
inner side of the infrapatellar fat pad via a skin
incision after arthroscopic debridement.
Interestingly, they did not culture the cells but
directly isolated them from the fat tissue by
centrifuging the tissue sample. They did not
perform immunophenotyping to confirm their cell
population as MSCs, but simply counted them with
a hemocytometer and presumed their cell
population consisted of MSCs. Since this was a
quick process, they were able to inject the cells
back into the patients on the same day as they were
harvested. They did not receive the same yield of
cells from each patient and the injected cells ranged
from 0.3 x 10° to 2.7 x 10° in number. Clinical
outcomes were evaluated before treatment and in
the following two years after treatment. Overall, the
treatment was a success and there was no major
complication. The data showed a significant
reduction of pain and an increased quality of life for
all patients. A positive correlation was found
between the number of cells injected and pain
improvement. Furthermore, MRI images taken
before and after treatment confirmed that the
whole-organ MRI score had increased significantly
and the improvement was also correlated with the
number of cells injected. They concluded that
AMSCs were a valid cell source for treating
cartilage damage. Their method is also simple and
cost effective with cells being harvested and re-
injected into the patient on the same day resulting
in reduced costs from cell expansion and from the
fact that no hospitalization is required. The
weakness of their study was that they did not
confirm their population as MSCs. Therefore, the
cell population might consist of more cell types
such as adipocytes. They also noted that the number
of AMSCs that can be isolated for the infrapatellar
fat pad is limited and a source that could provide a
higher yield of stem cells would be preferable. The
fact that they observed greater improvements in
patients who received higher numbers of cells in
their injections is consistent with the studies
previously mentioned. Davatchi et al. injected 8-9 x
10° cells observing minimal improvement,
Emadedin et al. injected 20-24 x 10° with promising
results but not satisfactory while Orozco et al.
injected 40 x 10° cells producing satisfactory and

good results both in the quality of life for patients
and articular cartilage regeneration”®"?. The
effectiveness of intra-articular delivery of MSCs in
the knee has already been investigated in a number
of clinical trials (Table 1).

Current clinical trials

Currently, a number of clinical trials are
underway in the treatment of cartilage damage with
MSCs. Out of the 13 clinical trials listed in the
National Library of Medicine on the
clinicaltrials.gov website in 2012, 11 are focused on
the treatment of knee osteoarthritis“®. They mainly
revolve around the use of expanded autologous
MSCs derived either from bone-marrow or adipose
tissue, although some trials use allogenic or non-
culture expanded MSCs. Most researchers focus on
the use of intra-articular injections without the use
of scaffolds or major surgeries since injections are
more cost effective, cause little morbidity and are a
desirable way of treatment if they are successful.
Since optimal dose-studies have not been carried
out yet the ideal dose of MSCs is unknown and
doses in the current trials ranges from 1 x 10 to 1 x
108, These studies will further help in determining
what tissues are good sources of viable MSCs for
cartilage repair, what the optimal dose-size should
be as well as demonstrating if a single injection is
sufficient or multiple injections might be required
for satisfying results.

Conclusion

The promising results from the studies
described in this review show that there are
alternative ways to treat moderate to late stage OA.
The traditional major surgeries used to treat the
condition are both expensive and come with risks.
The less invasive methods described here have
shown good results but the development of the
treatment is ongoing. Better results were obtained
with higher numbers of MSCs injected but the
optimum dose still remains to be decided.
Interestingly, no studies used multiple injections
but instead all focused on a single injection hoping
it would provide permanent relief of the condition.
The results from the single injection studies showed
that there was an improvement, but in some cases
that improvement was reduced over time. Multiple
or even regular injections of MSCs into the joints
might be necessary. The dream solution would be a
single injection of MSCs alone or in combination of
growth factors, which would fully regenerate
articular cartilage damage and result in a lasting
tissue and eliminating the pain which follows the
condition. In order to achieve such a dream
solution, a number of studies are needed with
satisfying and consistent results as well as
determining all factors of the treatment such as
dose-size, vehicles used to deliver and if any
external factors are needed.
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Table 1 Summary of studies where MSCs were used for treating articular cartilage damage in the knee joints

Number

Study of Delivery Number of FoII_ow-up Control MSC_Is_ceII Defects
patients system cells time group origin
Safety of autologous bone
marrow-derived Surgery, Various
mesenchymal stem cell implantation, 5.137 Autologous cartilage defects
transplantation for cartilage 41 cell sheets, N/A months None BMSCs from (not i?\clu din
repair in 41 patients with 45 gel-cell iliac crest osteoarthritisg)]
joints followed for up to 11 composite
years and 5 months®®
Autologous bone marrow 36 patients Knee cartilage
derived mesenchymal stem ACI surgery, 1.0x10" - receiving Autologous defects (not
36 implantation 7 24 months BMSCs from ) .
cells versus autologous cell sheets 15x10 chondrocyt iliac crest including
chondrocyte implantation®® e treatment osteoarthritis)
Increased knee cartilage
volume in degenerative joint Three Intra- Autologous Knee
disease using percutaneously 1 articular 2.24x 107 3 months None BMSCs from osteoarthritis
implanted, autologous injection iliac crest
mesenchymal stem cells™
Surgery ,
Osteochondral lesions of the implantation N/A, 2 ml Autologous Knee cartilage
knee:'A new one-step repair 20 hyalu_ronlc of bone- 24 months None BMSCs from _defec@s
technique with bone acid marrow iliac crest (including
marrow-derived cells™® membrane concentrate osteoarthritis)
scaffold
Regeneration of meniscus Three timely Autologous
cartilage in a knee treated spaced intra- BMSCs from Knee
with percutaneously 1 articular 456 x 10’ 3 months None posterior osteoarthritis
implanted autologous injections superior iliac
mesenchymal stem cells™” spine
Treatment of a full-thickness Surder
articular cartilage defect in im Ia%ta%/ic')n Autologous Knee cartilage
the femoral condyle of an 1 pel cell ' N/A 12 months None BMSCs from defect 9
athlete with autologous bone C%m osite iliac crest
marrow stromal cells® P
Mesenchymal stem cell - . Autologous
injections improve Smgl_e intra 5 AMSCs from Knee
18 articular 1.18x 10 24 months None - -
symptoms of knee iniection infrapatellar osteoarthritis
osteoarthritis™ y fat pad
Infrapatellar fat pad-derived Single intra- Autologous
mesenchymal stem cell 25 articular 118 x 10° 12 months 25 cell free AMSCs from Knee -
therapy for knee iniection controls infrapatellar osteoarthritis
osteoarthritis™® ! fat pad
Human autologous culture Surder
expanded bone marrow . gery,
implantation, Autologous
mesenchymal cell 12 cell sheets 13x107 28-95 12 cell free BMSCs from Knee
transplantation for repair of el —cell ’ ' weeks controls iliac crest osteoarthritis
cartilage defects in c?)m osite
osteoarthritic knees® P
Intra-articular injection of . .
Single intra- - Autologous
autologous mesenchymal - 20x10 Knee
A . 6 articular 7 12 months None BMSCs from "
stem cells in six patients A 24x10 ili osteoarthritis
with knee osteoarthritis™ injection tliac crest
Mesenchymal stem cell Single intra-
therapy for knee - 8.0 x10° — Autologous Knee
osteoarthritis. Preliminary 4 ianr .téiltjilgr: 9.0 x 10° 12 months None BMSCs osteoarthritis
report of four patients” |
Treatment of knee . .
osteoarthritis with Single intra- 7 Autologous Knee
12 articular 4.0x10 12 months None BMSCs from -
autologous mesenchymal S o osteoarthritis
@) injection iliac crest

stem cells: A pilot study’
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Instruction to authors

Aims and scope

The Thai Journal of Orthopaedic Surgery is an official journal of The Royal College
of Orthopaedic Surgeons of Thailand. It will accept original papers on clinical and
experimental research that are pertinent in Orthopaedics. Original articles, short
communication, case reports, review articles, letters to the Editor and miscellany are
welcome.

It publishes: original papers - reporting progress and results in all areas of
orthopaedics and its related fields; review articles - reflecting the present state of knowledge
in special areas of summarizing limited themes in which discussion has led to clearly defined
conclusions; educational articles - giving information on the progress of a topic of particular
interest; case reports - of uncommon or interesting presentations of the condition.

Submission information
Online Submission

We are pleased to announce that we have moved to the online system of manuscript
tracking, Authors are encouraged to submit their articles to secretariat@rcost.or.th or
supawineep@rcost.or.th This will allow even quicker and more efficient processing of your
manuscript.

Article types

= Original articles: word limit 5000 words, 45 references, no more than 6 figures/tables
= Short communications: 2500 words, 20 references, no more than 2 figures/tables.

= Reviews: word limit 10000 words, 100 references, no more than 10 figures

= Case Reports: 1500 words, 1-2 figures/tables, 20 references

= Letters: 500 words

= Editorial

Manuscript preparation
= Authorship Criteria and Contributions

All listed authors should have seen and approved the final version of the manuscript.

All authors of accepted articles must sign an authorship form affirming that they have
met all three of the following criteria for authorship, thereby accepting public responsibility
for appropriate portions of the content:

1. substantial contributions to conception and design, or acquisition of data, or
analysis and interpretation of data;

2. drafting the article or revising it critically for important intellectual content;

3. approval of the version to be published and all subsequent versions.

If authorship is attributed to a group (such as for multi-center trials), the group must designate
one or more individuals as authors or members of a writing group who meet full authorship
criteria and who accepts direct responsibility for the manuscript.

Other group members who are not authors should be listed in the Acknowledgment
section of the manuscript as participating investigators.

Individuals who do not meet the criteria for authorship but who have made
substantial, direct contributions to the work (e.g., purely technical help, writing assistance,
general or financial or material support) should be acknowledged in the Acknowledgments
section of the manuscript, with a brief description of their contributions. Authors should
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obtain written permission from anyone they wish to list in the Acknowledgments section.
=  Redundant, Duplicate or Fraudulent Publication

Authors must not simultaneously submit their manuscripts to another publication if
that manuscript is under consideration by Osteoporosis International.

Redundant or duplicate publication is a paper that overlaps substantially with one
already published in print or electronic media. At the time of manuscript submission, authors
must inform the editor about all submissions and previous publications that might be
regarded as redundant or duplicate publication of the same or very similar work. Any such
publication must be referred to and referenced in the new paper.Copies of such material
should be included with the submitted paper as a supplemental file.

Authors must not:

+ Willfully and knowingly submit false data

* Submit data from source not the authors’ own

* Submit previously published material (with the exception of abstracts) without correct and
proper citation

* Omit reference to the works of other investigators which established a priority

* Falsely certify that the submitted work is original

 Use material previously published elsewhere without prior written approval of the
copyright holder

Title Page
The title page must be written in both Thai and English and should include:
= The name(s) of the author(s)
= A concise and informative title
= The affiliation(s) and address(es) of the author(s)
=  The e-mail address, telephone and fax numbers of the corresponding author

Abstract
Please provide a structured abstract in both Thai and English of 250 words which
should be divided into the following sections:
=  Purpose (stating the main purposes and research question)
= Methods
= Results
= Conclusions

Keywords
Please provide 4 to 6 keywords which can be used for indexing purposes.

The manuscript: The manuscript must be written in English or Thai.

Text Formatting

The text should be organized in the following order: Introduction, Methods, Results,
Discussion, Acknowledgements, References, Tables and Figures. Manuscripts should be
submitted in Word.

= Use a normal, plain font (e.g., 10-point Times Roman) for text.
= Use italics for emphasis.
= Use the automatic page numbering function to number the pages.
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= Do not use field functions.

= Use tab stops or other commands for indents, not the space bar.

= Use the table function, not spreadsheets, to make tables.

= Use the equation editor or MathType for equations.

= Note: If you use Word 2007, do not create the equations with the default equation editor
but use the Microsoft equation editor or MathType instead.

= Save your file in doc format. Do not submit docx files.

Headings
Please use no more than three levels of displayed headings.

Abbreviations
Abbreviations should be defined at first mention and used consistently thereafter.

Footnotes

Footnotes on the title page are not given reference symbols. Footnotes to the text are
numbered consecutively; those to tables should be indicated by superscript lower-case letters
(or asterisks for significance values and other statistical data).

Acknowledgements
Acknowledgements of people, grants, funds, etc. should be placed in a separate
section before the reference list. The names of funding organizations should be written in full.

Tables

= All tables are to be numbered using Arabic numerals.

= Tables should always be cited in text in consecutive numerical order.

= For each table, please supply a table heading. The table title should explain clearly and
concisely the components of the table.

= |dentify any previously published material by giving the original source in the form of a
reference at the end of the table heading.

= Footnotes to tables should be indicated by superscript lower-case letters (or asterisks for
significance values and other statistical data) and included beneath the table body.

Figures

Electronic Figure Submission

= Supply all figures electronically.

= |ndicate what graphics program was used to create the artwork.

= For vector graphics, the preferred format is EPS; for halftones, please use TIFF format.
MS Office files are also acceptable.

= Vector graphics containing fonts must have the fonts embedded in the files.

= Name your figure files with "Fig" and the figure number, e.g., Figl.eps.

References: List the references in consecutive, numerical order, as they are cited in the
text. Use the Vancouver style. If the list of authors exceeds 6, the first 6 authors followed by
et al should be listed for those references. Abbreviate journal titles according to the style used
in the Index Medicus. See also http://www.medscape.com/home/search/indexMedicus/ Index
Medicus-A.html


http://www.medscape.com/home/search/indexMedicus/%20Index%20Medicus
http://www.medscape.com/home/search/indexMedicus/%20Index%20Medicus
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Example of references:

1.

2.

Journal articles.
You CH, Lee KY, Chey RY, Menguy R. Electrogastrographic study of patient with
unexplained nausea, bloating and vomiting. Gastroenterol 1980;79:311-4.
Gulgolgarn V, Ketsararat VV, Niyomthai R, et al. Somatic growth and clinical
manifestation in formula fed infants born to HIV-infected mothers during the first year of
life. J Med Assoc Thai 1999;82:1094-9.

Conference proceeding
Bengtsson S, Solheim BG. Enforcement of data protection, privacy and security in
medical informatics. In: Lun KC, Degoulet P, Peimme TE, Reinhoff O, editors.
MEDINFO 92. Proceeding fo the 7th World Congress on Medical informatics; 1992 Sep
6-10; Geneva, Switzerland. Amsterdam: North-Holland; 1992. p.1561-5.

Abstract in scientific presentation
Wettstein A, Dore G, Murphy C, Hing M, Edward P. HIV-related cholangiopathy in
Australia. X Annual Conference of the Australasian Society of HIV Medicine. Adelaide,
November 1997 [abstract P45].
Clement J, De Bock R. Hematological complications of hantavirus nephropathy
[abstract]. Kidney Int 1992;42:1285.

Book
Getzen TE. Health economics: Fundamentals of funds. New York: John Wiley & Sons;
1997.
Porter RJ, Meldrum BS. Antiepileptic drugs. In: Katzung BG, editor. Basic and clinical

h
pharmacology. 6t ed. Norwalk: Appleton & Lange; 1995. p.361-80.

Electronic article
Morse SS. Factors in the emergence of infectious disease. Emerg Infect Dis [serial
online] 1995 Jan-Mar;1(1):[24 screens]. Available from:
URL:http://www/cdc/gov/ncidoc/EID/eid.htm. Accessed December 25,1999.
LaPorte RE, Marler E, Akazawa S, Sauer F. The death of biomedical journals. BMJ
[serial online]. 1995;310:1387-90. Available from:
http://www.bmj.com/bmj/archive/6991ed2.htm. Accessed September 26,1996.
Health on the net foundation. Health on the net foundation code of conduct (HONcode)
for medical and health web sites. Available at: http://www.hon.ch/Conduct.html.
Accessed June 30, 1998.
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